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Preface

Research on training and competition quantification, well-being/wellness, fitness, and body

composition can be found in the literature, especially in soccer with male athletes. However, there

are many other sports that intend to produce knowledge on these topics that also deserve merit.

Moreover, more studies should include women athletes rather than only men.

Although some studies have already been produced, the present Special Issue prioritizes

research focusing on the understanding of how training and match/competition monitoring can help

improve athletes’ quality of life. Therefore, the inclusion of well-being/wellness, health, fitness, and

body composition variables in the studies was recommended, as well as the analysis of relationships

between well-being/wellness (e.g., sleep quality, stress, muscle soreness, fatigue, and mood), exercise

training programs, and usual training/match external and internal measures such as total distance,

distances at different threshold speeds, accelerometry-based variables (e.g., acceleration, deceleration,

and player load), session-rated perceived exertion, heart rate, and others.

Therefore, the aim of this Special Issue, which now constitutes a reprint, was to compile

and provide new and updated knowledge on wellness, fitness, body composition, training, and

performance monitoring and how they can be used to improve athletes’ quality of life.

We believe that this reprint provides relevant information for several sports, namely, soccer,

speed skating, triathlon, strength training, and pole dancing, in order to apply better strategies to the

training process, helping athletes to improve or maintain their quality of life.

Rafael Oliveira and João Paulo Brito

Editors
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Abstract: This study aimed to analyze anthropometric and body composition effects in professional
soccer women players across the early and mid-competitive 2019/20 season. Seventeen players
(age, height, body mass, and body mass index of 22.7 ± 6.3 years, 167.5 ± 5.6 cm, 60.7 ± 6.6 kg and
21.6 ± 0.2 kg/m2) from a Portuguese BPI League team participated in this study. The participants
completed ≥80% of 57 training sessions and 13 matches. They were assessed at three points (before
the start of the season (A1), after two months (A2), and after four months (A3)) using the following
variables: body fat mass (BFM), soft lean mass (SLM), fat-free mass (FFM), intracellular water (ICW),
extracellular water (ECW), total body water (TBW), and phase angle (PhA, 50 Khz), through InBody
S10. Nutritional intake was determined through a questionnaire. Repeated measures ANCOVA
and effect sizes (ES) were used with p < 0.05. The main results occurred between A1 and A2 for
BFM (−21.7%, ES = 1.58), SLM (3.7%, ES = 1.24), FFM (4%, ES = 1.34), ICW (4.2%, ES = 1.41), TBW
(3.7%, ES = 1.04). Furthermore, there were significant results between A1 and A3 for FFM (4.8%,
ES = 1.51), ICW (5%, ES = 1.68), and PhA (10.4%, ES = 6.64). The results showed that the water
parameters improved over time, which led to healthy hydration statuses. The training load structure
provided sufficient stimulus for appropriate physical fitness development, without causing negative
disturbances in the water compartments.

Keywords: phase angle; female; body fat mass; fat-free mass; intracellular water; rated perceived exertion

1. Introduction

Soccer is considered one of the most popular sports worldwide [1]. To improve
soccer athletes’ performance and health, the assessment of anthropometric and body
composition variables have been considered crucial [2]. Especially at a competitive level,
body composition is an important component in an athlete’s fitness and health profile and
in each sport, performance is improved in specific ways in order to prevent injury risk [3].

Special attention has been paid to body fat mass (BFM) and fat-free mass (FFM). It is
well known that an increased fat mass compromises performance, while increased muscle
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mass can promote the development of strength and power, which are important for players’
performance [4–6]. According to a recent consensus statement, there are no values for BFM
or FFM that should be followed, even more if we consider female soccer players [6]. For
instance, in female player from US collegiate division 1, BFM of 16% was observed. In
fact, the consensus statement added that it is not known what kind of body composition
changes during the season may impact positively or negatively on the performance of the
players [6].

Moreover, the interest in assessing other body composition variables, such as total
body water (TBW), intracellular water (ICW), and extracellular water (ECW), to monitor
hydration status in athletes has grown. For example, some studies have shown that ICW is
a good predictor of strength and power in athletes [7–9].

Thus, considering the importance of body composition for athletes, frequent assess-
ments should take place. This will allow coaches and athletes to know the development of
body composition throughout the sports season and adjust training programs to prevent
injuries and enhance sports performance.

Over the last decades, women’s participation in sports has greatly increased. Although
scientific research on women soccer athletes is growing, it is still limited [5,10–13]. Coaches
and sports-related professionals should be aware of gender-specific questions and needs
for optimizing performance. Especially at an elite level, few data have been used to show
changes in anthropometric and body composition in women soccer players during the
in-season [14]. To the knowledge of the authors, if the variables mentioned above and the
training load variables, such as rated perceived exertion (RPE), were considered simulta-
neously, no studies were found. According to a recent report, performance measured by
training and/or match data and body composition assessment could help soccer coaches
and their staff to provide proper information for each player [6].

Specifically, internal load, which is one of the two dimensions of load monitoring (the
other is external load), is a crucial psychophysiological part of the training load monitoring
processes. One of the most frequently used variables to access internal load is RPE or the
session-RPE (s-RPE, multiplication of RPE by session duration). This measure is a valid,
reliable, and sensitive approach to quantify and qualify the internal load while using a
simple questionnaire [15].

Knowledge of the essential characteristics for successful women’s team soccer perfor-
mance is useful to coaches, physicians, nutritionists, and exercise physiologists to improve
their knowledge about women soccer athletes.

Therefore, this study aims to analyze the variations on anthropometric and body com-
position variables and their relationship with internal load in elite women soccer players
across early and mid-competitive in-season using bioelectrical impedance analysis (BIA).

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

This was an analytical and observational cohort study. The training sessions were
performed during a five-month period, from September to January (early-to-mid-season)
due to the COVID-19 pandemic, which provoked the disruption of training sessions
and matches and the suspension of the season in March. The anthropometric and body
composition assessments were conducted on three different occasions: the first week
of September (before the start of the season, A1), after two months (the second week
of November, A2), and two months after A2 (the third week of January, A3). All the
assessments were performed under the same room and environmental conditions (place,
time of day, order of tests application, temperature, and relative humidity, respectively,
22–24 ◦C and 55–65%) and by the same examiner. The players did not perform any other
complementary training sessions during the period analyzed.
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2.2. Participants

Seventeen elite women soccer players with a mean ± standard deviation age, height,
body mass, and body mass index of 22.7 ± 6.3 years, 167.5 ± 5.6 cm, 60.7 ± 6.6 kg, and
21.6 ± 0.2 kg/m2, respectively, participated in this study. Their experience as professional
soccer players was 4.7 ± 2.2 years.

We estimated the power of the sample size using a post hoc F-test: the within-group
factor in a repeated-measures MANOVA, according to statistical method analyzed. The
analysis featured 94.2% of actual power, with a total of 17 women soccer players with a
p < 0.05 and effect-size for 0.6, using G-Power [16].

The players belonged to a team that participated in the Portuguese BPI League during
the 2019/20 in-season. The inclusion criteria were regular participation in most of the
training sessions (80% of the weekly training sessions) and the completion of at least half
the matches in the first half of the season [17], while the exclusion criteria were injury,
illness, sickness, and/or non-performance of all the assessments. Due to the exclusion
criteria, only sixteen women soccer players participated in the present study. The field
positions of the players in the study consisted of one goalkeeper, three central defenders
(CD), three wide defenders (WD), three central midfielders (CM), four wide midfielders
(WM) and three strikers (ST).

Despite the different characteristics of the soccer field players, the goalkeeper was
included in the analysis, since all the data collected for this player were similar to the
squad average and the players’ position values, and it was not detected as an outlier.
All the participants were familiarized with the training protocols and the study design
was carefully explained to the athletes. Written informed consent was obtained prior to
the investigation.

A food frequency questionnaire to assess nutritional intake was applied over a 7 day
period using a 24 h diet record, during the first week of the assessment 1 and during
the last week of the assessment 3, in order for the players to verify their habits and food
regimen routines.

The participants were instructed regarding portion sizes, supplements, food prepara-
tion aspects, and other aspects pertaining to an accurate recording of their energy intake.
The records were reviewed for macronutrient composition and total energy intake [7]. All
the participants were asked to maintain their normal diet throughout the study period.

The study was conducted according to the requirements of the Declaration of Helsinki
and all the procedures were approved by the research Ethics Committee of the Polytechnic
Institute of Santarém, Santarém, Portugal. 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.

2.3. Procedures

The data were collected in weeks with only one match, which means that the team
typically trained three days a week (match day minus (-); MD-5; MD-4; MD-2). This
approach was used in a previous study [17]. During the period analyzed, a total of
57 training sessions and 13 matches occurred. The 57 training sessions were divided into
19 speed endurance sessions (e.g., long sprints, repeated sprints), 19 aerobic high-intensity
sessions (e.g., interval training, medium-to-large sized games), and 19 ball-possession
games and team/opponent tactics sessions. Figure 1 presents the timeline of the study.

In order to produce more specific information regarding training and match load,
rated perceived exertion (RPE) and the duration of training sessions and matches were
collected and presented in Table 1 to quantify training load. The data are presented by
squad average between the different assessments. On match days (MD) only the average
data for starters were included.

3
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Figure 1. Timeline of the study. Legend: A1. Assessment 1; A2. Assessment 2; A3. Assessment 3.

Table 1. Training and match RPE and duration between the three assessments.

Periods Variables MD-5 MD-4 MD-3 MD-2 MD-1 MD

RPE (au) 5.5 5.4 X 4.8 X 6.2
Between A1 and A2 Duration (min) 87 85 X 77 X 72

s-RPE (au) 478.5 459 X 396.6 X 446.4

RPE (au) 6.1 5.5 X 4.1 X 6.5
Between A2 and A3 Duration (min) 85 85 X 90 X 90

s-RPE (au) 518.5 467.5 X 369 X 585
A1. Assessment 1; A2. Assessment 2; A3. Assessment 3; MD. Match-day; MD-5. Match minus five days to the
match. respectively for -4, -3, -2, and -1. RPE. Rated perceived exertion; s-RPE. Session rated perceived exertion;
au. Arbitrary units; min. Minutes. X indicates day off.

2.4. Anthropometric and Body Composition Assessment

Based on previous recommendations, the anthropometric and body composition
measures were obtained with the subjects dressed in light clothing without shoes [18,19].
The participants were further asked to remove all objects that could interfere with the
bioelectrical impedance assessment. The participants’ weight and height were measured
using a stadiometer with an incorporated scale (Seca 220, Hamburg, Germany) according to
standardized procedures [20]. The body composition data were obtained with bioelectrical
impedance analysis through Inbody S10 (model JMW140, Biospace Co, Ltd., Seoul, Korea),
according to manufacturer’s guidelines [21,22] and the recommendations of a previous
study [23]. Eight electrodes were placed on eight tactile points (thumbs, middle fingers
and ankles of both hands and feet, respectively) to perform the multi-segmental frequency
analysis. Next, a total of 30 impedance measurements were obtained at frequencies 1,
5, 50, 250, 500, and 1000 kHz, respectively, from different segments of the body, such
as the right and left arms, trunk, and right and left legs, respectively. Moreover, three
different frequencies (5, 50, and 250 kHz) 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), fat-free mass (FFM),
intracellular water (ICW), extracellular water (ECW), total body water (TBW), phase angle
(PhA, 50 Khz), ECW/TBW ratio, and ECW/ICW.

The measurements were carried out in the morning [18,24], in a room with an ambient
temperature and relative humidity of 22–23 ◦C and 50–60%, respectively, after a minimum
of 8 h of fasting and after the bladder was emptied. The participants adopted a supine
position with their arms and legs abducted at a 45◦ angle, and the right hand and foot
dorsal surfaces were cleaned with alcohol. After a 10 min rest in a room without noise, eight
electrodes were placed on the cleaned surfaces and the measurements were performed.
The subjects did not exercise or ingest caffeine or alcohol during the 12 h prior to the
assessment and they were only assessed if they were in the luteal phase of ovulatory
menstrual cycles. Otherwise, they waited for more days, until they were in the luteal phase.

4
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All the assessments were performed by the same evaluator in order to minimize possible
measurement errors [25].

2.5. Training and Match Load Quantification

Thirty minutes after the end of each training session and match, the players were
asked to provide an RPE (0–10 scale) [26]. The players were prompted for their RPE
individually using a custom-designed application on a portable computer tablet. They
selected their RPE rating by touching the respective score on the tablet, which was then
automatically saved under the player’s profile. This method helped to minimize factors
that may have influenced the player’s RPE rating, such as peer pressure and replicating
other players’ ratings [27]. Next, the s-RPE was calculated, as in our previous studies,
through the multiplication of the session duration by the RPE [28,29].

2.6. Statistical Procedures

Descriptive statistics (mean ± standard deviation) were performed for all the measure-
ments. All the variables were checked for normality and homoscedasticity, respectively,
using the Shapiro–Wilk and Levene tests. The MANOVA with repeated measures was
performed for the variables that obtained normal distribution to compare the three as-
sessments, with s-RPE being used as covariate. The value of p ≤ 0.05 was established as
significant and all the data were analyzed using SPSS version 22.0 (SPSS Inc., Chicago,
IL, USA) for the Windows statistical software package. Furthermore, the change (%) was
calculated between each comparison. The Cohen’s d effect-size (ES) was performed to
determine the effect magnitude through the difference of two means divided by the stan-
dard deviation from the data, and the following criteria were used: <0.2 = trivial, 0.2 to
0.6 = small effect, 0.6 to 1.2 = moderate effect, 1.2 to 2.0 = large effect, and >2.0 = very
large [30].

3. Results

Table 2 summarizes the participants’ characteristics by player position, while Table 3
showed comparisons between the three assessments for the squad average.

Table 2. Participant characteristics by player position in the three assessments.

Variables Goalkeeper
n = 1

Central
Defender

n = 3

Wide
Defender

n = 3

Central
Midfielder

n = 3

Wide
Midfielder

n = 4

Striker
n = 3

Assessment 1
Body weight (kg) 64.0 71.0 ± 2.0 54.3 ± 3.8 59.3 ±9.2 53.5 ± 8.7 57 ± 1.0

Body fat mass (kg) 15.3 18.7 ± 2.3 12.4 ± 1.4 14.1 ± 5.4 11.1 ± 4.5 8.1 ± 2.0
Soft lean mass (kg) 45.9 49.1 ± 2.1 39.3 ± 2.3 42.5 ± 3.6 39.9 ± 5.1 46.0 ± 2.9
Fat free mass (kg) 48.7 52.3 ± 2.2 41.9 ± 2.4 45.2 ± 3.9 42.5 ± 5.4 48.9 ± 3.0

Intracellular Water (L) 22.4 23.8 ± 0.9 19.1 ± 1.3 20.6 ± 1.9 19.3 ± 2.4 22.4 ± 1.3
Extracellular Water (L) 13.2 14.4 ± 0.8 11.4 ± 0.6 12.5 ± 1.0 11.7 ± 1.5 13.3 ± 1.0
Total Body Water (L) 35.6 38.2 ± 1.7 35.5 ± 1.8 33.1 ± 2.8 31.0 ± 4.0 35.7 ± 2.3

Phase Angle (θ. 50 Khz) 6.8 6.0 ± 0.3 6.3 ± 0.6 6.3 ± 0.5 6.0 ±0.3 6.4 ± 0.3
Assessment 2

Body weight (kg) 67.0 69.3 ± 1.2 53.7 ± 3.2 58.0 ± 6.9 53.5 ± 7.9 57.0 ± 2.0
Body fat mass (kg) 15.8 14.1 ± 2.6 8.8 ± 4.2 10.2 ± 1.9 10.9 ± 3.7 6.7 ± 1.8
Soft lean mass (kg) 48.1 51.7 ± 2.1 42.0 ± 6.0 44.8 ± 4.9 39.9 ± 5.3 47.2 ± 3.5
Fat free mass (kg) 51.2 55.3 ± 2.3 44.9 ± 6.2 47.8 ± 5.1 42.6 ± 5.6 50.3 ± 3.7

Intracellular Water (L) 23.5 25.2 ± 1.1 20.5 ± 3.0 21.8 ± 2.4 19.4 ± 2.7 23.1 ± 1.7
Extracellular Water (L) 13.9 15.0 ± 0.6 12.1 ± 1.6 13.1 ± 1.3 11.6 ± 1.4 13.6 ± 1.1
Total Body Water (L) 37.4 40.1 ± 1.7 32.6 ± 4.6 34.8 ± 3.7 31.0 ± 4.1 36.7 ± 2.8

Phase Angle (θ. 50 Khz) 6.8 6.5 ± 0.6 7.8 ± 2.6 6.6 ± 0.7 6.2 ± 0.4 6.7 ± 0.2
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Table 2. Cont.

Variables Goalkeeper
n = 1

Central
Defender

n = 3

Wide
Defender

n = 3

Central
Midfielder

n = 3

Wide
Midfielder

n = 4

Striker
n = 3

Assessment 3
Body weight (kg) 67 69.0 ± 2.6 53 ± 4.4 57.0 ± 6.2 53.8 ± 7.4 59.0 ± 1.7

Body fat mass (kg) 15.4 12.1 ± 3.6 8.0 ± 2.8 12.2 ± 3.6 9.4 ± 3.1 8.7 ± 1.7
Soft lean mass (kg) 48.4 53.3 ± 5.4 42.2 ± 2.6 42.0 ± 2.6 41.5 ± 4.1 47.2 ± 2.9
Fat free mass (kg) 51.6 56.9 ± 5.6 45.0 ± 2.7 44.8 ± 2.9 44.4 ± 4.5 50.3 ± 2.9

Intracellular Water (L) 23.7 26.1 ± 2.7 20.6 ± 1.4 20.4 ± 1.3 20.1 ± 2.0 23.1 ± 1.4
Extracellular Water (L) 13.9 15.4 ± 1.4 12.1 ± 0.6 12.2 ± 0.7 2.3 ± 1.3 13.5 ± 0.8
Total Body Water (L) 37.6 41.4 ± 4.1 32.7 ± 1.9 32.6 ± 2.0 32.3 ± 3.3 33.6 ± 2.2

Phase Angle (θ. 50 Khz) 7.4 7.1 ± 0.6 7.4 ± 0.5 6.9 ± 0.3 6.6 ± 0.2 6.9 ± 0.3

Table 3. Comparisons between assessments by squad average (n = 17).

Variables A1 A2 A3 Change %
(A1–A2)

Change %
(A2–A3)

Change %
(A1–A3)

Body weight (kg) 58.74 ± 2.15 58.30 ± 1.97 58.30 ± 1.94 −0.8 0.0 −0.8
Body fat mass (kg) 13.11 ± 1.87 a 10.77 ± 0.94 10.38 ± 0.87 −21.7 −3.8 −26.3
Soft lean mass (kg) 42.87 ± 1.20 a 44.52 ± 1.44 44.91 ± 1.42 3.7 0.9 4.5
Fat free mass (kg) 45.63 ± 1.27 a.c 47.52 ± 1.53 47.92 ± 1.51 4.0 0.8 4.8

Intracellular Water (L) 20.79 ± 0.58 a.c 21.71 ± 0.72 21.88 ± 0.71 4.2 0.8 5.0
Extracellular Water (L) 12.53 ± 0.35 12.88 ± 0.41 13.00 ± 0.39 2.7 0.9 3.6
Total Body Water (L) 33.32 ± 0.93 a 34.59 ± 1.12 34.88 ± 1.09 3.7 0.8 4.5

ECW/TBW 0.38 ± 0.001 a.c 0.37 ± 0.001 b 0.37 ± 0.001 −2.7 0.0 −2.7
ECW/ICW 0.60 ± 0.003 a 0.59 ± 0.003 0.59 ± 0.004 −1.7 0.0 −1.7

Phase Angle (θ. 50 Khz) 6.26 ± 0.11 c 6.67 ± 0.31 6.99 ± 0.10 6.1 4.6 10.4

A1. Assessment 1; A2. Assessment 2; A3. Assessment 3; ECW. Extracellular water; ICW. Intracellular water; TBW. Total body water. The
symbol a denotes significant difference between A1 and A2 (p < 0.05). The symbol b denotes significant difference between A2 and A3
(p < 0.05). The symbol c denotes significant difference between A1 and A3 (p < 0.05).

After performing ANCOVA with the session’s rated perceived exertion (s-RPE) as the
covariate, no linear interaction was demonstrated between this variable and any of the
other body composition variables (p > 0.05). Table 2 shows significant differences between
A1 and A2 with moderate to very large effect, namely, BFM (p = 0.029; ES = 1.58), SLM
(p = 0.018; ES = 1.24), FFM (p = 0.010; ES = 1.34), ICW (p = 0.007; ES = 1.41), TBW (p = 0.018;
ES = 1.04), ECW/TBW (p = 0.002; ES = 10.00), and ECW/ICW (p = 0.022; ES = 3.33).

In addition, there was only a significant difference with very large effect between A2
and A3, for ECW/TBW (p = 0.001; ES = 3.33).

Finally, there were significant differences with large to very large effect between A1
and A3 for BFM (p = 0.029; ES = 1.87), FFM (p = 0.045; ES = 1.51), ICW (p = 0.049; ES = 1.68),
ECW/TBW (p = 0.013; ES = 10.00), and PhA (p = 0.001; ES= 6.64).

4. Discussion

In this study, we aimed to identify changes in the body composition of elite women
soccer players during in-season through BIA. Our main findings showed improvements in
body composition, namely decreased BFM, increased FFM, and increased PhA; and a better
fluid distribution was observed, especially from the first to the last assessment. However,
no significant differences were noted between A2 and A3, except for ECW/TBW.

On one hand, BFM has been shown to exert a negative influence in athletes’ perfor-
mance [5]. On the other hand, FFM has been associated with performance improvements [5].
In our study, the athletes showed a significant decrease in BFM and an increase in FFM.
These results are similar to those reported in another study [31], which assessed athletes’
body composition in 5 time-points during the in-season. Regarding BFM, athletes presented
mean values similar to those found by other authors [32] that assessed body composition
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changes pre-to-post-season in women soccer players. However, the authors found that the
soccer players lost lean mass tissue over the competitive season that was not recovered
during the off-season [32]. These results may be attributed to overtraining or negative
energy balance.

Concerning PhA, the present female soccer players showed a mean value of 6.26 ± 0.11◦

in A1, 6.67 ± 0.31◦ in A2, and 6.99 ± 0.10◦ in A3. All these values are similar to those
found in other studies conducted on women athletes or active young populations [33–35].
Furthermore, the values obtained in this study were slightly lower in A1 and A2 compared
to those obtained in a study of healthy adult non-athletes [36]. Moreover, PhA has been
related to cellular health and integrity [37]. For example, muscle injuries can cause a
reduction in PhA which can provoke cell membrane disruption [38,39], which has also
been related to body composition [33,40,41]. For instance, FFM is directly related with
PhA [41]. Indeed, as FFM increased in these athletes, it seems plausible that PhA also
increased. An improvement in PhA can be an indicator of good health and cellular integrity
and functionality regarding the level of hydration [34]. Another application of PhA is
related to cellular energy levels, so the low phase angle is consistent with an inability of cells
to store energy, as well as being an indication of breakdown in the selective permeability of
cellular membranes. A high PhA is consistent with large quantities of intact cell membranes
and body cell mass [42].

Regarding TBW and its compartments, the importance of TBW and ICW in increasing
performance in athletes is clear [7–9]. The increment in ICW and TBW in the present
study is in line with a previous study that used resistance training in healthy and young
adults [35]. In this regard, soccer is characterized by high intensity bouts of activities and
movements. Glycogen is an essential substrate during high intensity sports [43]. Therefore,
some explanations could be related to cellular hydration by increasing the glycogen storage,
since glycogen features great osmotic power (each gram of glycogen is stored in human
muscle with at least 3 g of water) [43]. These results are very important for athletes, since
ICW content may stimulate pathways that increase protein synthesis [44,45]. ECW did not
show any change during the in-season. Furthermore, the ECW/ICW ratio has been used
as an indicator of fluid distribution in athletes [7–9,33]. Two recent studies [33,34] found
values of 0.7 ± 0.1 in women athletes. In our study, the soccer athletes demonstrated mean
values of 0.60 in A1, 0.59 in A2, and 0.59 in A3. Lower values of ECW/ICW have been
found in athletes has and they have been associated with improved performance [7].

As mentioned earlier, when A2 andA3 were compared, no significant differences were
found. These findings could be attributed to the increased training load in the beginning of
the in-season that is generally found in soccer teams [46]. The higher training load resulted
in body composition improvements in this early phase (between A1 and A2) that were
followed by an adaptation in the second phase of the study (between A2 and A3), causing
a maintenance of the body composition variables (considering that nutritional intake was
controlled). This is important to highlight because in fact training load was higher between
A2 and A3 without, however, changing any body composition variable.

A relevant finding that should be highlighted regards s-RPE. Through the analysis
conducted in the present study, no interaction was observed between s-RPE and any body
composition variables, which means that RPE can be dissociated from the physiological pro-
cess through different psychological mechanisms [47]. As mentioned in previous studies, it
seems that RPE was a simplification of the perceived psychophysiological exertion. Conse-
quently, the use of this measure alone did not conclusively capture different sensations and
experience of training sessions [47,48]. Furthermore, RPE was collected 30 min after the
training sessions and that value included the entire session. This means that there could
be some possible variation during training sessions in different exercises, as suggested
by Ferraz et al. [48], that were not controlled in this study. This explanation may help to
explain the non-interaction found regarding this variable in this study. It also reinforces
the use of additional variables in training load monitoring, such as distances covered at
different intensities, accelerations, decelerations, player load and metabolic power.
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Scientific research on women soccer athletes is scarce [10,11,49], especially at the elite
level, and to the best of our knowledge, this is one of the first studies to include several
variables in order to assess anthropometric and body composition in elite women soccer
players from a Portuguese BPI Ligue team. However, the sample size was derived from
one team only and, therefore, future studies are required to generalize the findings.

Another interesting finding was related to the goalkeeper analysis, which showed
that s-RPE and different body composition variables were similar regardless of player
position and the squad average values. However, future studies are required to confirm
this finding, since only one goalkeeper is an insufficient sample size from which to draw
definite conclusions. Furthermore, more players for each position are required for an
analysis across player positions.

Despite the importance of these results, and despite the use of tetra-polar and multi-
frequency bioimpedance equipment, such as InBody S10, to assess body composition
and fluid distribution, we should address, as a limitation of this study, the use of a non-
considered reference method. Another limitation was the fact that it was not possible to
make comparisons among athletes of different field positions, as this would reduce the
sampling power. Finally, and despite the fact that no differences were found in nutritional
intake, this assessment was performed through a questionnaire at two time points, which
should be better addressed in future studies. Even so, this study represents the actual
training routine followed by the specific team analyzed. Therefore, more research is needed
with larger numbers regarding soccer players and teams over an all-season period.

5. Conclusions

Coaches, physicians, nutritionists, and exercise physiologists should ensure they pro-
vide gender-specifications for optimizing performance. This study highlights information
on the essential characteristics of successful women’s’ soccer team performance at three
time-points throughout the sport season. For instance, the study showed that although
some players may have performed different field roles and positions, their body composi-
tion characteristics improved over the season, which reveals that nutritional habits were
controlled and, consequently, the intensity of training and matches did not affect the body
composition variables.

This study presents a report using body composition data and internal training load
simultaneously, which can be used as a reference for better body composition, training
load and performance management for coaches and their staff. However, we recommend
that future studies include a full season and other training load measures, such as global
positioning systems, to amplify the present findings.
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Abstract: The internal intensity monitoring in soccer has been used more in recent years in men’s
football; however, in women’s soccer, the existing literature is still scarce. The aims of this study
were threefold: (a) to describe the weekly variations of training monotony, training strain and acute:
chronic workload ratio through session Rated Perceived Exertion (s-RPE); (b) to describe weekly
variations of Hooper Index [stress, fatigue, Delayed Onset Muscle Soreness (DOMS) and sleep];
and (c) to compare those variations between playing positions and player status. Nineteen players
(24.1 ± 2.7 years) from a Portuguese BPI League professional team participated in this study. All
variables were collected in a 10-week in-season period with three training sessions and one match per
week during the 2019/20 season. Considering the overall team, the results showed that there were
some associations between Hooper Index categories and s-RPE like stress or fatigue (0.693, p < 0.01),
stress or DOMS (0.593, p < 0.01), stress or s-RPE (−0.516, p < 0.05) and fatigue or DOMS (0.688,
p < 0.01). There were no differences between all parameters in playing positions or player status. In
conclusion, the study revealed that higher levels of fatigue and DOMS occur concurrently with better
nights of sleep. Moreover, any in-season variations concerning internal load and perceived wellness
seems independent of position or status in outfield players. The data also showed that the higher the
players’ reported stress, the lower the observed s-RPE, thus possibly indicating a mutual interference
of experienced stress levels on the assimilation of training intensity by elite women soccer players.

Keywords: muscle soreness; female; stress; fatigue; sleep; perceived exertion; training monotony;
training strain
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1. Introduction

Load/intensity monitoring is a well-implemented practice in team sports that guides
the coach’s interventions through a better understanding of the impact of training stimulus
on players [1,2]. Monitoring consists of using a given instrument or technique that allows
us to track the intensity of exercise in each player. Thus, a wide vision of how the player
is coping with the training process is implementing a strategy in which training intensity
monitoring is complemented by wellness and readiness monitoring [3]. This integrated
approach, also known as athlete’s monitoring allows understanding of the mechanisms
related to training stimulus and recovery, thus providing some information about how
the training periodization is actually done while helping coaches to quickly identify the
individual responses of players to stressful situations while monitoring their wellness [4].

Due to the evident variations of a competitive schedule and as a part of the training
methodology, it is expected to have in seasonal variations of training intensity (relative
or absolute) in players [5]. Training demands are closely related to the training goals and
structure of exercise; namely organization, quality, and quantity [2]. Thus, training intensity
can be understood as an input variable constrained by the organization of training activities
to elicit a given training response in accordance with the coach’s expectations [2]. Training
intensity monitoring can be organized in two main dimensions: external and internal.
The contextualization of these two dimensions is important, since internal responses (i.e.,
psychophysiological responses) are closely related with the physical demands imposed by
a given training drill.

The external demands represent the immediate player’s physical responses to the
organization, quality, and quantity of exercise (training plan) [2]. In the case of team sports,
such physical responses are commonly analyzed using microelectromechanical systems
or optical systems that provide estimated values related to distance-based, accelerometry-
based, and combined variables [1]. These devices have been used not only in soccer, but in
different women’s team sports (e.g., rugby, volleyball, handball) in which distance-based
and accelerometry-based measures are important to understand the dynamics of training
in an heterogenous groups [6,7]. Currently, the use of microelectromechanical systems
(e.g., global positioning systems, local positioning systems or inertial measurement units)
allows us to individualize the understanding of intensity demands in women sports such
as rugby [8] or soccer [9]. While the external intensity is the acute physical response to the
session training plan, the internal demands can be understood as the psychophysiological
response to the external demands [10]. This means that, although there are possible
similarities in external load, the internal load can be considerably different between two
players. Internal responses can be constrained by the individual characteristics of the
players, training status, psychological status, health, nutrition, environment, or genetics [2].
Thus, it is reasonable to predict that the same training plan, with possible similar external
loads, can provide different internal loads in players. While internal demands represent the
acute psychophysiological responses to the exercise, it is expectable that the consistency of
the internal training demands across time leads to adaptations in the physiological levels
of players with natural variations in the training outcomes [11–13].

Internal intensity is a crucial part of the training monitoring processes. Among differ-
ent possibilities for monitoring the internal measures (e.g., heart rate monitors, respiratory
gas analyzer, and blood lactate), the Rated Perceived Exertion (RPE) is the easiest instru-
ment to apply, since it ensures a valid, reliable, and sensitive approach to quantify and
qualify the internal load while using a simple questionnaire [14,15]. Moreover, the final
score obtained by the RPE questionnaire can provide useful information to estimate the in-
ternal intensity (namely, multiplying the RPE score by the time of training in minutes) [16],
or even using this RPE-based training load to estimate the organization of the training, cal-
culating the variability of the load applied in the week (e.g., using an equation to estimate
the Training Monotony [TM]) [17], the progression of load across the weeks (e.g., using the
Acute: Chronic Workload Ratio [ACWR] to identify a measure of increase of decrease of a
load of a week in comparison to the previous one) [18] or identify the Training Strain [TS]
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of loads during a week (e.g., multiplying the training monotony by the acute load of the
week) [17].

Although some research claims cause–effect consequences of specific intensity mea-
sures and injury occurrence [19], this has been dismissed since the absence of quality data
and proper methodological approaches to prove that [20–22]. However, these intensity
measures are still valuable for guiding coaches to understand the dynamics of stimulus and
the impact of the training plans on the actual responses of the players as recently shown in
women soccer players [23]. The main evidence about internal intensity variations across the
season, while using RPE-based measures, suggests that pre-season is the period in which
the internal intensity accumulated in the week and the intensity measures of monotony and
strain are typically greater than in the in-season periods [24]. This can be related with the
higher external demands occurring in such a period [25], as a consequence of the typical
strategy of increasing the volume and frequency of training sessions to provide a higher
stress on the player’s organism before starting competition.

Although no strong relationships between training intensity and wellness are identi-
fied [26], wellness can be related to different variables, thus we can assist with variations
across the season. In the context of soccer monitoring, wellness is quantified and qualified
by the Delayed Onset Muscle Soreness (DOMS), sleep quality, fatigue, stress and mood,
partially justifying these outcomes by the proposal of Hooper [27] which were updated by
MacLean in 2010 [28]. Wellness is currently analyzed using questionnaires and those seem
to be sensitive to variations within and between weeks (or periods). As an example, com-
parisons between pre-season and in-season revealed that pre-season was more strenuous
and exhausting for players than the in-season period regarding the wellness variables that
were inspected [29].

The main evidence on training monitoring and wellness in soccer has been related
to men. However, women soccer players and training monitoring is still growing and
due to the natural biological differences, more research to understand the mechanisms of
how they cope with training process is needed. Thus, descriptive studies, namely cohorts,
are still valuable for characterizing the reality of the training process in women’s soccer.
Based on that reason, the purposes of this study were threefold: (a) to describe the weekly
variations of TM, TS and ACWR through s-RPE; (b) to describe weekly variations of stress,
fatigue, DOMS and sleep; and (c) to compare those variations between playing positions
and player status.

2. Materials and Methods
2.1. Subjects

Considering several studies conducted with small sample sizes [5,11–13,23,25,29–36],
19 professional female soccer players participated in this study (24.1± 2.7 years, 164.3 ± 4.2 cm,
58.5 ± 8.2 kg). The players belong to a team that participated in the Portuguese BPI League
in the 2019/20 season. Based on player status, they were divided into two groups: starters
(n = 11) and non-starters (n = 8). Additionally, the playing positions were divided into five
defenders, five central midfielders, four wide midfielders and five strikers. The inclusion
criteria included regular participation in most of the training sessions (80% of weekly training
sessions), while the exclusion criteria included lack of player information, illness and/or injury
for two consecutive weeks. Goalkeepers were excluded from the study. The criteria to define
starters and non-starters were assessed week by week against a player’s attendance time at
the match and training sessions, and to be considered a starter, a player had to complete at
least 60 min in three consecutive matches; players who did not achieve this duration were
considered non-starters [34]. All participants were familiarized with the training protocols
and signed informed consent prior to the investigation. This study was conducted according
to the requirements of the Declaration of Helsinki and was approved by the Ethics Committee
of Polytechnic Institute of Santarém (252020 Desporto).
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2.2. Design

Training and match data were collected over a 10-week in-season period (between
October and December) with three training sessions and one match per week. For the
purposes of the present study, all the sessions carried out as the main team sessions
were considered. This refers to training sessions in which both the starting and non-
starting players trained together. Data from rehabilitation or additional training sessions of
recuperation were excluded. This means that sessions after the match day were included
whenever both starters and non-starters trained together, but other kinds of recovery
training were excluded. This study did not influence or alter the training sessions in any
way. Training data collection for this study was carried out at the soccer club’s outdoor
training pitches. Accumulated total minutes of all training sessions per week are presented
in Table 1. Each training session included the warm-up, main phase and slow-down phase
plus stretching.

Table 1. Training sessions during the 10-week period.

Weeks (w) w1 w2 w3 w4 w5 w6 w7 w8 w9 w10

Session duration (total minutes) 385 250 294 285 317 280 274 316 331 270

2.3. Internal Training Load/Intensity Quantification

During training sessions, the CR10-point scale, adapted by Foster et al., was applied [16].
Specifically, thirty minutes after the end of each training session, players rated their RPE value
using an app on a tablet. The scores provided by the players were then multiplied by the
training duration to obtain the s-RPE [16,37]. The players were previously familiarized with
the scale, and all answers were provided individually to avoid non-valid scores.

2.4. Wellness Quantification

Approximately 30 min before each training session, each player was asked to provide
the Hooper Index (HI) scores using an app on a tablet. This index includes four categories:
fatigue, stress, muscle soreness (scale of 1–7, in which 1 is very, very low and 7 is very, very
high), and the quality of sleep of the night that preceded the evaluation (scale of 1–7, in
which 1 is very, very bad and 7 is very, very good) [27].

2.5. Calculations of Training Indexes

Through stress, fatigue, DOMS and sleep quality, accumulated data by week were
calculated, which includes the summation of each value provided by each training session.
Through s-RPE, the following variables were calculated: (i) TM (mean of training load
during the seven days of the week divided by the standard deviation of the training load
of the seven days) [25,35];

TM =
mean of training load during the seven days of the week

standard of training load during the seven days of the week
;

(ii) TS (sum of the training loads for all training sessions during a week multiplied by
training monotony) [25,35];

TS = sum of the training loads for all training sessions during a week ∗ TM;

Finally, (iii) ACWR (dividing the acute workload, i.e., the 1-week rolling workload
data, by the chronic workload, i.e., the rolling 4-week average workload data) [38–40].

ACWR =
acute workload (most recent week)

chronic workload (last 4 weeks)
.
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2.6. Statistical Analysis

Data were analyzed using SPSS version 22.0 (SPSS Inc., Chicago, IL, USA) for Win-
dows. Initially, descriptive statistics were used to describe and characterize the sample.
The Shapiro–Wilk and Levene tests were used to test the assumption of normality and
homoscedasticity, respectively. Then, One Way ANOVA was used with the Bonferroni
post hoc test to compare player positions and independent t-test was used to compare
player status [41]. Pearson product–moment correlation coefficient was calculated between
s-RPE and HI scores with the following thresholds: ≤0.1, trivial; >0.1–0.3, small; >0.3–0.5,
moderate; >0.5–0.7, large; >0.7–0.9, very large; >0.9–1.0, almost perfect. Results were
considered significant with p ≤ 0.05.

3. Results

The weekly changes in DOMS, stress, sleep and fatigue over the 10 week period are
presented in Figure 1. Overall, DOMS presented the highest value in week 8 (13.6 arbitrary
units (AU)) and the lowest in week 2 (6.8 AU); stress presented the highest value in week 6
(12.0 AU) and the lowest in week 10 (7.3 AU); sleep presented the highest value in week 8
(14.9 AU) and the lowest in week 2 (10.4 AU); and fatigue presented the highest value in
week 8 (14.7 AU) and the lowest in week 2 (8.7 AU).
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Figure 1. Description of weekly DOMS, stress, sleep and fatigue during the 10 weeks in AU (arbitrary units).

Training monotony and strain over the 10 week period are presented in Figure 2.
Overall, training monotony presented the highest value in week 1 (6.3 AU) and the lowest
in week 7 (2.7 AU); training strain presented the highest value in week 2 (9665.1 AU) and
the lowest in week 7 (3957.6 AU).

ACWR over the 10 week period is presented in Figure 3. Overall, ACWR presented
the highest value in week 5 (1.11 AU) and the lowest in week 10 (0.86 AU).
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Figure 3. Description of ACWR during the 10 weeks in AU (arbitrary units).

Table 2 presents comparisons for all measures between player positions, while Table 3
presents comparisons between player status. There were no significant differences between
player positions nor status.
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Table 2. Descriptive statistics (mean ± SD) of weekly stress, fatigue, DOMS, sleep, training monotony, training strain and
ACWR between playing positions.

Measures (AU) Defenders Central Midfielders Wide Midfielders Strikers F P

Stress 12.1 ± 2.8 8.9 ± 1.1 10.7 ± 1.2 9.8 ± 2.8 1.830 0.185
Fatigue 11.5 ± 2.2 9.9 ± 0.6 11.4 ± 1.8 10.7 ± 2.4 0.744 0.542
DOMS 9.7 ± 2.2 9.2 ± 2.2 11.2 ± 2.4 9.7 ± 2.7 0.513 0.680
Sleep 12.9 ± 1.5 12.6 ± 0.9 11.9 ± 1.1 12.2 ± 1.3 0.589 0.632
TM 4.3 ± 0.6 4.6 ± 1.0 4.9 ± 0.3 4.4 ± 0.9 0.394 0.759
TS 82.3 ± 9.3 176.4 ± 167.2 125.9 ± 66.4 199.2 ± 258.3 0.518 0.676

ACWR 0.97 ± 0.02 0.97 ± 0.03 0.96 ± 0.01 0.98 ± 0.03 0.240 0.867

Abbreviations: AU, arbitrary units; DOMS, delayed onset muscle soreness; TM, training monotony; TS, training strain; ACWR, acute:
chronic workload ratio.

Table 3. Descriptive statistics (mean ± SD) of weekly stress, fatigue, DOMS, sleep, training monotony,
training strain and ACWR between playing status.

Measures (AU) Starters Non-Starters T P

Stress 10.7 ± 2.8 9.8 ± 1.6 0.808 0.430
Fatigue 10.9 ± 2.0 10.8 ± 1.9 0.157 0.877
DOMS 10.5 ± 2.7 9.1 ± 1.2 1.339 0.198
Sleep 12.5 ± 1.4 12.2 ± 0.9 0.482 0.636
TM 4.3 ± 0.7 4.8 ± 0.8 −1.404 0.178
TS 137.5 ± 173.9 160.1 ± 135.2 −0.306 0.763

ACWR 0.96 ± 0.02 0.98 ± 0.03 −1.263 0.224
Abbreviations: AU, arbitrary units; DOMS, delayed onset muscle soreness; TM, training monotony; TS, training
strain; ACWR, acute: chronic workload ratio.

Considering the overall team, there were some associations between Hooper Index
categories and s-RPE indexes. Specifically, the following correlations were found: stress
and fatigue (0.693, p < 0.01); stress and DOMS (0.593, p < 0.01); stress and TS (−0.516,
p < 0.05); fatigue and DOMS (0.688, p < 0.01). Table 4 presents all correlations.

Table 4. Correlation analysis between measures for overall team.

Measures β0 β1 β2 β3 β4 β5 β6

Stress
(β0) 1.00

Fatigue
(β1) 0.693 1.00

DOMS
(β2) 0.593 0.688 1.00

Sleep
(β3) 0.412 −0.037 −0.001 1.00

TM (β4) −0.155 0.165 −0.996 −0.248 1.00

TS (β5) −0.516 −0.411 −0.329 −0.365 0.043 1.00

ACWR
(β6) −0.071 0.133 0.148 −0.057 0.012 0.300 1.00

Correlations are highlighted in bold (p ≤ 0.05). Abbreviations: DOMS, delayed onset muscle soreness; TM,
training monotony; TS, training strain; ACWR, acute: chronic workload ratio.

4. Discussion

The aims of this study were: (a) to describe the weekly responses regarding internal
training load parameters (TM, TS and ACWR) derived from perceived exertion; (b) to
describe weekly variations of wellness markers [stress, fatigue, DOMS and sleep qual-
ity]; (c) to identify whether the (unknown) seasonal variations in both load and wellness
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measures are dependent upon playing position and status; and (d) to analyze possible
associations between the several training measures and wellness markers. The main results
of the study were: the peak on stress occurred in the week immediately subsequent to when
the highest ACWR values were observed, while the lowest values of either stress or ACWR
were reported concomitantly in the same week period; best self-reported sleep quality was
identified simultaneously in the week where peaks of fatigue/DOMS occurred whilst the
inverse also holds true, that is, the smallest indices of DOMS, fatigue and sleep quality
temporally coincided; dynamics of perceived load and wellness variations during a 10-week
in-season period were similar for starters and reserve players; and playing position was
also not a factor affecting load distribution and wellness sensation in women’s soccer.

A slight spike in the ACWR of s-RPE (week 5) likely induced players into a greater
perception of stress in the nearest next period (week 6). In the same response pattern, ACWR
and stress indices reached the lowest magnitudes together in the end of the monitoring
period (week 10). It is important to note that, despite ACWR derived from s-RPE not being
a good predictor of injury [42], our outcomes observed across the in-season period did not
reach the suggested “danger zone” (ACWR ≥ 1.5) [43]. This result is in line with another
study performed with 65 players from Division I in the United States, which reported
this ratio was not associated with injury [44], although some studies reported associations
between ACWR and non-contact injury occurrences [42,45–48]. In fact, ACWR score has
also been related to perceived effort in women athletes [49]. In addition, TMs across the
monitoring weeks were all superior to the traditional cut-point of 2 AU [17]. Although
different in magnitude, apparently there were four “valleys” (e.g., week 3 to 4 and week
9 to 10) and three peaks in TM/TS behaviors and this includes week 5 (Figure 2). In this way,
women players may be sensitive to simultaneous changes (i.e., some increase) in ACWR,
TS and TM—in particular when the first factor notably raises—thus reflecting an ensuing
exacerbated stress sensation. As some studies have shown differences in the types of training
depending on the moment of the season (i.e., pre, early, mid or end season) [25,50], it is
possible link these to the body’s adaptations in attempting to accommodate a distinguished
training intensity/duration (see Table 1) delivered in this mid-season moment. Owing to
the existing relationship between stress symptoms and injury likelihood [51] as well as
negative training-induced central adaptations [52], the close monitoring of women players
is required at the time of which ACWR and stress spikes happen, aiming to avoid potential
time-loss injuries and occasional performance declines.

The present work failed to identify significant relationships between players’ sleep
quality, wellness perceptions and training indexes, although the dynamics of between-
week changes in sleep accompanied the minimum and maximum values of both perceived
fatigue and DOMS. Many scientific investigations have confirmed the direct impact of
training intensity [53–55] and well-being [46,56] upon sleep measures in soccer. Here,
the absence of meaningful correlations of sleep and all other dependent variables may
be attributed to a potential lack of sensitivity provided by discrete, self-reported sleep
quality metrics. As, for example, sleep questionnaire (subjective) responses do not often
match actigraphy-derived or polysomnography (objective) parameters [57]. Nevertheless,
when sudden changes are observed in both fatigue and DOMS (especially from week
7 to 8 where TS and TM also increased) attention is required because exacerbated levels
of both fatigue and DOMS markers, as obtained by the Hooper Index method, may lead
to impaired technical performance [58]. Interestingly, Douchet et al. [59] showed that a
week with more accelerations and decelerations induced increased fatigue as observed in
the present study by the greater RPE and Hooper index. The authors reported that the
objectives of each training session during the week (i.e., technical, tactical, or physical) can
contribute to defining the fatigue levels, this being an excellent way to manage the athletes’
training load [59].

On the other hand, this is the period in which women soccer players slept better, at
least according to their reports. This could be associated with a necessity to restore the
systemic homeostasis as illustrated by the elevated tiredness and pain sensations [60].
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Therefore, according to the current results, encouraging sleep hygiene strategies could be
of particular interest across an intensified training period. Otherwise, the women players
choose to extend their sleep opportunities to improve the recovery process and prevent
occasions of poor performance in training sessions and official matches due to the high
levels of fatigue and muscle soreness. Of note, when the training duration was shortened
(e.g., weeks 2 and 7), TM and TS were also impacted in the same direction of declines,
thus suggesting that it could be a reasonable strategy when it is necessary to adequately
recover players. Notwithstanding, TM and TS peaked respectively in weeks 1 and 2, which
is similar to research into male soccer [24,36] and might illustrate the challenge of female
athletes to deal with training demands imposed at the beginning of a season.

A key finding of the present investigation was that variations of selected internal
load parameters and wellness responses were independent of playing status. Positional
role also had a minimal influence on the in-season fluctuations discussed above. One
possible explanation for these results could be associated with very small subsample sizes
of four to five players, which was not enough to demonstrate significant differences, as
demonstrated by previous studies [25,61]. Locomotor capacity and the recovery states of
women soccer players are sensitive to the accumulated load demands [62] implying that
players’ rotation might be needed to counteract such worst-case conditions (e.g., when
training was supposedly intensified and/or extended; weeks 5 and 8). In this sense and
despite there being players who were selected as starters more often, there should be
changes in the coaches’ choices depending on these intensified periods. This approach
will help to reduce the differences between the playing status in the squad. Therefore,
and despite there being players who are the preferred starters, regular changes in the
main squad may occur as a function of such intensified periods, which helps to justify the
lack of differences according to statuses. While the absence of differences in the analysis
of starters versus reserve players is in agreement with the current evidence [24,50], the
playing position had a significant influence in an almost matched male sample considering
Hooper’s Index measures [30]. In this sense, it is necessary to point out the possibility
that, in women’s soccer, the traditional position-related outputs might be more limited or
even non-existent. To be explicit, fitness testing data of past studies indicated that aerobic
power was similar across outfield playing positions in Norwegian elite women players [63].
Furthermore, research on college players from Division I in the United States demonstrated
that lower limb power, change-of-direction [64], agility, speed and acceleration qualities [65]
did not differ according to positional role. Recently, it was confirmed that some of these tests
may reflect the in-game running outputs in first Division league Portuguese women soccer
players [31], thus suggesting that a systematic discrepancy in game demands depending on
player position would not be so evident in females, which could be observed in the study
of Vescovi et al. [32], as compared to substantial between-position differences generally
found in male counterparts [66,67]. More specific to the present context, external training
load in a first Division Spanish women’s team revealed no significant differences as a
function of playing position (central defenders, wide defenders, central midfielders, wide
midfielders and strikers) [68]. Results from a meta-analysis confirm the internal–external
training load associations in team sports [10], thereby again making our result concerning
training outcomes being independent of playing position compatible with the literature.
In sum, it seems that modern soccer demands cause adjustments by the coaching staff in
order to deliver relatively equalized training stimuli to women players regardless of their
positional role and whether beginning the matches in the starting line-up or on the bench.

Finally, an inverse relationship existed between stress and RPE in the monitored
population of women elite soccer players. It was the only significant correlation identified
between s-RPE and Hooper Index categories, which contradicts two previous studies in
male professional soccer players reporting a number of direct associations amongst RPE and
Hooper Index indices [33,69]. However, the large negative s-RPE-stress correlation found
here is something that provides preliminary evidence of the possible harmful consequences
of higher stress levels on the perception of degree of efforts expended in practice sessions.
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This inverse relationship seems to be in line with a recent study that reported higher values
of RPE and Hooper index categories with the exception of stress during a higher intensity
week [59]. This is in accordance with the notion of Paul et al. [70], where it cannot be
discarded that high stress levels may promote a suboptimal psychological interaction with
the question being asked relating to perceived effort. As a result, when collecting s-RPE in
the context of women’s soccer, it is important to consider the prominent interference of stress
values that could potentially underestimate athletes’ perceived training load demands.

Our present study provides coaches and technical staff with recent knowledge about
the weekly variations of TM, TS and ACWR through s-RPE, and the Hooper index cate-
gories, in order to have all players available for competition. In addition, this study allows
coaches to understand that all these measures vary according to the intensity and duration
of the sessions throughout the week. Therefore, planning the structure and periodization
of the objectives (i.e., technical, tactical, or physical) and the use of measures of intensity
(e.g., RPE) are essential to inducing good adaptations in female athletes.

Limitations of the current study should not be overlooked and includes the fact
that: (i) data collections encompassed a single-club, suggesting caution in attempts of
extrapolating results to a variety of other teams/leagues; (ii) there was a relatively small
sample size when the women athletes were grouped into distinct outfield playing positions;
(iii) fatigue levels were measured only via self-reported ratings but not gold standard
measures; (iv) non-concomitant consideration for situational factors that can modulate
internal load responses during a season; and (v) a lack of match load information when
interpreting training outcomes.

5. Conclusions

To conclude, the in-season spike in ACWR calculated through s-RPE may induce
women soccer players into experiencing a nearby subsequent peak of perceived stress.
Additionally, higher levels of fatigue occur with levels of stress and higher levels of DOMS
occur with high levels of stress and fatigue. Reducing training duration could diminish
s-RPE-derived strain and monotony indices. Importantly, any in-season variations across
a 10-week period concerning internal load and perceived wellness seems independent
of position and status in outfield players, although some caution should be taken into
consideration. Finally, the higher the players’ reported stress, the lower the observed
s-RPE, thus possibly indicating a mutual interference of experienced stress levels on the
assimilation of training loads by women professional soccer players.
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Abstract: The aim of this study was to compare the effect of a new rule for substitutions (four and five)
with the rule before the COVID-19 pandemic (up to three) on recovery status, physical and technical
performance, internal workload, and recovery process in elite women soccer players. Thirty-eight
matches from 2019 to 2020 from the Brazilian Championships were analyzed. All data for the two
conditions (≤3 and 4–5 substitutions) were compared using an independent t-test. The physical
demands measured by a global positioning system (GPS) and the technical (obtained from Instat)
and internal workload (rating of perceived exertion [RPE]) were assessed. The recovery process was
measured by the total quality recovery (TQR) 24 h after each match. No differences were observed
in any physical and technical parameters between 4–5 and ≤3 substitutions (p > 0.05). Moreover,
4–5 substitutions demonstrated lower RPE (p < 0.001) and workload-RPE (p < 0.001), higher TQR
(p = 0.008), and lower time played by the player (p < 0.001), compared to ≤3. Thus, the new provisory
rule for substitutions improved the balance between stress and recovery.
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1. Introduction

Soccer is an intermittent and high-intensity team sport, which depends on endurance,
strength, power, and speed abilities [1–3]. Elite women soccer players cover ~10 km, with
~1500 m in high intensity running, and ~200 m in sprint distance during a soccer match [4–6].
In addition, physical performance declines during the matches [3,7], for instance, Bradley
et al. [8] observed in the women’s UEFA Champions League large decrements in the second
half compared to the first half in the distance covered at speeds above 12 km·h−1 (1651 vs.
1500 m in the first and second half, respectively). Additionally, Mohr et al. [3] reported that
the total distance covered in the first half was longer than the second half (5.28 vs. 5.00 km),
and the same trend was also observed for the high intensity running (0.91 vs. 0.70 km), and
sprint distance (0.25 vs. 0.21 km). Interestingly, these impairments in physical performance
were not observed in the indicators of technical performance, such as successful passes,
lost balls, and duels won. Thus, declines in physical performance of soccer players do not
seem to affect the technical performance.

Coaches are allowed to use three substitutions per match in an attempt to create a novel
team tactical strategy, to replace a player who has become injured, to maintain the physical
performance during the match, and to minimize performance decrements in the second
half. Bradley et al. [9] compared the physical demand covered during the soccer matches
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among players who completed the entire match, replaced players (who were substituted),
and substituted players (who entered during the match) in the English Premier League.
Substitute players covered a higher total distance and high intensity running distance when
normalized by the time they played (minutes per minute, m/min) than players who were
replaced or completed a full match, and replaced players covered a higher distance than
players that completed a full match (120, 116, and 112 m/min; and 9.0, 8.2, and 7.1 m/min,
respectively) [9]. Padron-Cabo et al. [10] demonstrated a similar finding in the Spanish
League during the season 2014–2015. Starting players who completed matches covered a
lower total distance/minute and high intensity running distance/minute than replaced
players and substitute players (106, 111, and 111 m/min and 5.1, 6.1, and 6.7 m/min,
respectively), with no difference between replaced and substitute.

In general, the measure of distance/minute is used by researchers and practitioners
to investigate topics that can influence match running performance [9,11,12]. However,
normalized distances should be used with caution because this measure is time-played
dependent and did not support decrement of physical performance. For instance, substitute
players that played 10 min and covered 120 m/min covered a total distance of the 1200 m,
and players who covered 112 m/min for 90 min covered 10,080 m. Thus, relative metrics
(i.e., m/min) do not allow for understanding the impact of the whole team performance.
Alternatively, to investigate the influence of the substitute players on the whole team
performance, it is required to sum metrics from all players who participated in the match.

Recently, the Fédération Internationale de Football Association (FIFA) provisionally changed
the rules regarding the number of substitutions, allowing up to five by team. The rationale
for this change lies in the congested periods of matches that would be experienced by
players returning to play following COVID-19 lockdown. The large number of matches
in a shorter period of time would cause fatigue to accumulate and increase the risk of
injury [13,14]. More substitutions reduce the overall player’s match time exposure due to
greater players’ rotation, which diminishes external and internal load [i.e., total distance
covered and rating of perceived exertion (RPE), respectively] in some of the players. In
addition, it seems that there is a negative correlation between RPE and next day recovery
status, suggesting that athletes who display a high perception of exertion are those that
demonstrate low recovery indexes [15]. Interestingly, athletes who show higher RPE and
worse recovery status were those that presented higher injury rates and were sick more
frequently [16]. Thus, increasing the number of substitutions can contribute to hasten
players’ recovery after matches and to safeguard the athlete’s health by avoiding illness
and injury.

Nonetheless, the effect of the number of substitutions and the provisory rule is unclear,
especially in women soccer players. Therefore, the purpose of this study was to compare
the effect of the number of substitutions on recovery status and the physical and technical
performance in elite women soccer players. We hypothesized that the higher number of
substitutions would decrease physical demands and internal load and improve the recovery
status of elite women soccer players, with no changes in technical performance.

2. Materials and Methods
2.1. Study Design

This retrospective study was conducted during the 2019 and 2020 seasons in the
National Brazilian Championships and 38 official matches were analyzed (19 matches in
each championship). In 2019, up to three substitutions per match were allowed, whereas
in 2020 the rule allowed up to five substitutions. Matches were classified according to the
number of substitutions performed (i.e., 0–5). Then, all matches were grouped into 2–3
(21 matches) and 4–5 substitutions (17 matches). The physical performance was measured
by GPS and RPE was assessed after all matches. The recovery process was measured by
a TQR questionnaire 24 h after each match. In addition, the technical performance was
determined by data provided by Instat® (Instat, Moscow, Russia).
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2.2. Participants

Twenty-four professional Brazilian women soccer players (28.0 ± 4.6 years, 163.7 ± 5.2 cm,
58.8 ± 7.7 kg, and body fat 22 ± 8.7%) from the same club participated in this study. All
players participated in the National Brazilian Championship, seasons 2019 and 2020 (second
and first place, respectively), thus attesting their high level of performance. Six players
had already participated in the National Brazilian soccer team. Goalkeepers were excluded
from the study. All participants were informed about the procedures, benefits, discomforts,
and possible risks of the study and signed a free and informed consent before participation.
The University’s Research Ethics Committee approved the experimental protocol.

2.3. Total Quality Recovery (TQR)

The TQR scale (6–20) was used to provide a means to measure psychophysiological
recovery [17]. The athletes answered the question “How do you feel about your recovery?”
using the TQR scale, 24 h after each match. All players were previously familiarized with
the scale, and the mean results were utilized for analysis.

2.4. Rating of Perceived Exertion (RPE)

Athletes were familiarized with the CR-10 Borg RPE scale as this was part of their
training routine. RPE was assessed with the modified Borg 10-point (0–10) scale, which
is widely used in both practical and research settings [18]. This method uses a simple
question: “How was your match today?”. The answer was provided 30 min after the end
of training sessions and official matches, by choosing a descriptor and a number from 0–10.
We considered the mean of each match in the analysis. The workload-RPE was determined
by multiplying each players’ playing time (minutes) in each match by the RPE, as described
by Foster [18].

2.5. Match Running Performance

All soccer matches activity profiles were obtained via a GPS-system operating at
10 Hz (GPS-units; Playertek, Catapult Innovations, Melbourne, Australia). GPS devices
were fitted to the upper back of players using a harness and the same unit was used by
each player in all measures to reduce inter-unit measurement error. Units were turned
on 10 min before each match. Thirty-eight official matches were measured using GPS.
The activity profiles measured were total distance covered (km), total sprint distance
(m) (speed > 18 km·h−1), number of accelerations and decelerations (>3 m·s−2), and top-
speed (km·h−1). For the analysis, we used the sum of all GPS metrics of all players that
participated in each match, except for the top speed, total distance/minute and total
sprint distance/minute that we used the mean of demand of all players that participated
by matches.

2.6. Technical Analysis

Soccer specific technical performance indicators were measured, and the following
match statistics were used: goals scored, goals conceded, total shots, shots on target,
assistance, passes, accurate passes, crosses, lost ball, recovered ball, dribbles, and the
Instat® index. Data were obtained from Instat® (Instat®, Moscow, Russia), a private
company which provides teams’ technical performance assessments worldwide. The Instat
index® is calculated based on a unique set of key parameters for each playing position
(12–14 performance parameters, depending on the position during the game), with a higher
numerical value indicating better performance. The exact calculations are trademarked and
known only to the manufacturer of the platform [19]. In most general terms, an automatic
algorithm considers the player’s contribution to the team’s success, the significance of their
actions, opponent’s level, and the level of the competition they play in. The rating is created
automatically, and each parameter has a factor which changes depending on the number
of actions and events in the match. The weight of the action factors differs depending on
the player’s position. The key factors included in the calculation of the Instat index® are
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position specific and include tackling, aerial duels, set pieces in defense, interceptions for
central defenders; number of crosses, number of passes to the penalty area, pressing for
full back; playmaking, number of key passes, finishing for central midfielders; pressing,
dribbling, finishing, counterattacking for wide midfielders; shooting, finishing, pressing,
dribbling for forwards. For the analysis, we used the average of all players in each match.

2.7. Statistical Analysis

Data were visually inspected for the existence of outliers (box-plots), tested for nor-
mality (Shapiro-Wilk) and homogeneity (Levene), and are presented as means, standard
deviation (SD), and 95% confidence intervals (95%CI) of difference between means. All
data of perceived exertion and physical and technical parameters for the 2 conditions
(2–3 substitutions and 4–5 substitutions) were analyzed with an independent t-test. The
magnitudes between condition differences were expressed as standardized mean differ-
ences and were interpreted using the following thresholds: <0.2, 0.2–0.6, 0.6–1.2, 1.2–2.0,
2.0–4.0, and >4.0, for trivial, small, moderate, large, very large, and near perfect, respec-
tively [20]. The level of significance was set at p < 0.05. Statistical analyses were performed
using the software package IBM SPSS (V. 25, SPSS Inc., Chicago, IL, USA).

3. Results

All matches analyzed were classified as follows: eight matches used two substitu-
tions, 13 matches used three substitutions, two matches used four substitutions, and
15 matches used five substitutions. Then, all matches were grouped into 2–3 (21 matches)
and 4–5 substitutions (17 matches). There was no match with no or one substitution.
Table 1 displays physical and technical match performance, RPE, workload-RPE, TQR
values, and time played of players. The condition of 4–5 substitutions demonstrated
significantly lower RPE (p ≤ 0.001), workload-RPE (p ≤ 0.001), higher TQR (p = 0.008),
and lower time played by player (p ≤ 0.001), compared to 2–3 substitutions. No signifi-
cant differences were observed in the physical and technical parameters between 4–5 and
2–3 substitutions (p > 0.05). Figure 1 shows the standardized mean differences between
2–3 and 4–5 substitutions for all variables.

Table 1. Statistics effects between 2–3 and 4–5 substitutions in perceived exertion, physical, and
technical variables, mean and SD.

Variable 2–3 Substitutions 4–5 Substitutions p Value Mean Difference and
95% CI

Perceived Exertion

RPE (a.u.) 8.1 ± 0.8 6.7 ± 0.7 * p < 0.001 1.4 (0.84–2.00)
TQR (a.u.) 13.1 ± 0.8 13.9 ± 0.5 * p = 0.008 0.8 (0.2–1.5)
Time (min) 76.4 ± 4.4 65.5 ± 1.7 * p < 0.001 10.9 (8.6–13.2)

Workload-RPE (a.u) 623 ± 85 441 ± 53 * p < 0.001 182 (128.7–234.1)

Physical

TD/min (m/min) 106 ± 6 102 ± 6 p = 0.064 4 (−0.2–8.1)
TSD/min (m/min) 7.7 ± 1.2 8.2 ± 1.8 p = 0.340 0.5 (−1.5–0.5)

TD (km) 98.6 ± 5.0 98.0 ± 4.0 p = 0.650 0.6 (−2.4–3.8)
TSD (m) 7002 ± 1191 7465 ± 1614 p = 0.316 463 (−1386–460)

Top Speed (km/h) 26.4 ± 0.6 26.8 ± 0.5 p = 0.074 0.4 (−0.8–0.04)
ACC (n) 715 ± 81 736 ± 69 p = 0.404 21 (−71.7–29)

DECC (n) 913 ± 88 910 ± 67 p = 0.909 3 (−50–59)

Technical

Goals conceded (n) 0.38 ± 0.6 0.35 ± 0.6 p = 0.886 0.03 (−0.36–0.42)
Goals scored (n) 2.7 ± 2.2 2.9 ± 1.9 p = 0.807 0.2 (−1.5–1.2)
Assistance (n) 1.8 ± 1.6 1.9 ± 1.5 p = 0.9 0.1 (−1.2–1.1)

Shots (n) 17.9 ± 8 20.8 ± 7 p = 0.296 2.9 (−8.6–2.7)
Shots on goal (n) 7.9± 3.5 9.0 ± 3.1 p = 0.367 1.1 (−3.6–1.4)

Passes (n) 514 ± 94 533 ± 82 p = 0.537 19 (−81.7–43.4)
Crosses (n) 14.0 ± 5.0 16.4 ± 9.0 p = 0.372 2.4 (−7.8–3.0)

Lost balls (n) 75.6 ± 7.0 70.1 ± 9.0 p = 0.073 5.5 (−0.5–11.4)
Recovered balls (n) 58.1 ± 5.0 54.8 ± 6.0 p = 0.142 3.3 (−1.1–7.6)

Dribbles (n) 28.1 ± 9.0 29.2 ± 9.0 p = 0.734 1.1 (−7.7–5.5)
Accurate passes (n) 418 ± 92 441 ± 79 p = 0.669 23 (−84–38)

Instat (index) 195 ± 14.8 201.3 ± 13.4 p < 0.001 6 (−1.08–0.21)

Note: TD/min = total distance per minute; TSD/min = total sprint distance per minute; TD = Total distance;
TSD = total sprint distance; ACC = acceleration; DECC = deceleration; min = minute; * significant differences
between conditions (p < 0.05).
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in all parameters of technical, physical, and perceived exertion; The grey area represents the smallest
worthwhile difference which corresponds to a small effect size (0.2); Error bars represent the 95%
confidence limits.

4. Discussion

This is the first study to investigate and compare the effect of the number of substi-
tutions in-match (2–3 vs. 4–5) on physical and technical performance, and psychometrics
measured (RPE, workload-RPE, and TQR) in elite women soccer players. The main findings
were that 4–5 substitutions demonstrated a lower time played by player, lower RPE and
workload-RPE, and higher TQR than 2–3 substitutions. In addition, no difference was
observed in any physical or technical parameter of performance between conditions.

Interestingly, the present study demonstrated no differences between both substitution
conditions in any physical performance (i.e., GPS metrics). Regardless of the number
of substitutions used during the matches, the total metrics of the whole team did not
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change significantly. We analyzed the sum of metrics from all players, which induced a
different perspective from previous studies that compared the relative physical demand
(i.e., meters/minutes) among soccer players who played the entire match, were replaced,
and substitutes [9,10]. For instance, Bradley et al. [9] demonstrated relative distance covered
was inversely related to the time played, i.e., soccer players who covered 112 m/min during
the entire match, replaced players who covered 116 m/min, and substitutes who traveled
120 m/min. These findings can be a consequence of fatigue or tactical decisions and
adjustments (pacing strategy) in the energetic resources usage by soccer players who play
longer periods to enable the completion of the matches [12]. For instance, the players can
employ/adjust a pacing strategy that enables the entire match completion, that is, substitute
players already know they will be exposed to a shorter match time, which allows them to
cover higher distance/min than entire and replaced players [12]. From this perspective, it
was conceivable that by increasing the number of substitutions the physical performance
of the whole team would also be augmented. However, when we analyzed the sum of
absolute values of all players and their mean relative values, using 4 or 5 substitutions
did not elicit differences in match running performance compared to 2 and 3 substitutions.
It is possible that the amount of distance covered by the team was only slightly affected
and the difference did not reach statistical significance. Thus, our findings suggest that the
new rule of substitutions may not have an impact on the physical performance of the team
during the matches.

Nevertheless, we observed a significant difference in perceived internal load between
conditions, according to RPE scale, the 2–3 substitutions were near the “maximal effort”
(~8.1) and the 4–5 substitutions were near the “very hard” (~6.7) [18]. These facts can
be explained by the fewer minutes played by soccer players during the matches in the
4–5 condition compared to 2–3 (65.5 vs. 76.4 min, respectively). Using five substitutions
means that ~50% of the starting team was replaced (excluding the goalkeeper), which
enables lower fatigue accumulated by players throughout the matches, mainly at the
second half and the end of matches. Accordingly, the workload-RPE was lower in the
4–5 substitutions compared to 2–3 substitutions (441 vs. 623 A.U, respectively). Thus, the
new rule of substitution did have a reduction in the perceived exertion of women soccer
players. Interestingly, although no difference was observed in the physical performance,
results indicate that internal load was reduced. Considering that RPE is affected not only
by the intensity but also by the exercise volume [21], this finding seems a consequence
of the lower RPE indicated by the substitute and replaced players, who played a shorter
time, compared to those that played the entire match. It is reasonable to assume that soccer
players who indicate lower RPE have improved wellness and consequently reduced the
occurrence of injury and illness, as was reported by previous studies [15,22–24].

The shorter time played and lower workload-RPE experienced by substitutes and
replaced players are possibly responsible for a superior recovery status after four and
five substitutions compared to two and three substitutions. In this regard, higher TQR
values suggested a faster recovery after matches. Moreover, Selmi et al. [25] observed
correlation of 0.67 between TQR values (before each training session/match) and the
successful passes in professional soccer players. Indeed, Kentta and Hassmen [17] indi-
cated that recovery is crucial to avoid maladaptive physical and psychological effects of
fatigue. For instance, Brink et al. [16] demonstrated that elite soccer players with higher
workload-RPE presented higher injury rates and got sick more frequently. Furthermore,
the occurrence of illness seems to be related to worst psychosocial stress and recovery after
soccer training and matches. Moreover, a recent meta-analysis demonstrated that a soccer
match alters the levels of muscle-injury markers, inflammation, and immunological cell
tracking, impairs physical performance, and exacerbates perceptual responses until at least
72 h post-match [13]. Thus, using strategies to improve the balance between stress and
recovery status (i.e., increasing the number of substitutions) may improve wellness and
mitigate injuries and illnesses in soccer players. These outcomes may help the coaching
staff to pre-plan new strategies for training and matches, mainly in the congested period,
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to improve the recovery for the next match, consequently decreasing the risk of injury
and illness.

In line with previous studies [3,8], the technical parameters did not seem to be affected
by the physical performance. However, the Instat index of the team was higher (no
significant) in 4–5 substitutions compared to 2–3 substitutions (195 vs. 201.3, respectively).
The Instat index in soccer is based on wide range of team- and individual-technical statistics.
Modric et al. [19] suggested that a higher index demonstrates superior overall technical
performance and that the Instat index may be related to the final game outcome (loss, draw,
or win). It is conceivable that players with lower fatigue levels during the matches (i.e.,
substitute players) perform more efficient technical actions than those with higher fatigue
(i.e., replaced players or those who played the entire match). For instance, Ferraz et al. [26]
showed the negative influence of fatigue upon ball velocity in soccer kicking, which
can be related with the impaired neuromuscular performance and may negatively affect
coordination skills during the soccer matches. Although we did not observe improved
technical performance with higher number of substitutions, more studies are needed to
investigate these effects.

Finally, this study is not without limitations. First, it is a case study of only one soccer
team. Although we are uncertain if the same findings can be generalized to all soccer
teams in all leagues, it provides good evidence that increasing the number of substitutions
enhances team recovery and decreases the perception of exertion. Second, this study was
restricted to compare 2–3 and 4–5 substitutions because there were no data with no or one
substitution during the matches. However, this result provides some evidence on the effect
of the number of substitutions on physical and technical performance, perceived exertion,
and recovery in women soccer players. Therefore, using four or five substitutions positively
affected the balance between stress and recovery from elite women soccer players. Third,
although there is a suggestion that injury rate can be influenced by workload, our results
indicate lower overall workload in these elite players. Future studies should investigate the
effect of the number of substitutions in the incidence of injuries during the matches [24,27].
In summary, the provisory rule of substitutions by FIFA brings a new insight for the future
of soccer games.

5. Conclusions

The number of substitutions used during the matches did not influence the physical
and technical performance of elite women soccer players. However, increasing the number
of substitutions decreases the time played and the internal load (i.e., RPE and workload-
RPE), which may have positive consequences on the recovery status (i.e., TQR) and the
health of athletes by changing the balance between stress and recovery after matches.
Therefore, the new provisory rule of substitutions provides some evidence to support
the use of more soccer players during the match to improve the balance between stress
and recovery.
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Abstract: Compensatory training sessions have been highlighted as useful strategies to solve the
differential weekly training load between the players’ starting status. However, the influence of the
players’ starting status is still understudied in sub-elite youth football. Thus, the aim of this study
was to compare the weekly training load on a standard microcycle in starters and non-starters of a
sub-elite youth football academy. The weekly training load of 60 young sub-elite football players was
monitored during a 6-week period using an 18 Hz global positioning system (GPS), 1 Hz telemetry
heart rate, rating of perceived exertion (RPE), and total quality recovery (TQR). The total distance
(TD) covered presented a significant difference between starters and non-starters with a moderate
effect (t = −2.38, ∆ = −428.03 m, p = 0.018, d = 0.26). Training volume was higher in non-starters than
in starter players (TDStarters = 5105.53 ± 1684.22 vs. TDNon-starters = 5533.56 ± 1549.26 m). Significant
interactive effects were found between a player’s starting status, playing time, and session duration
in overall training load variables for within (F = 140.46; η2 = 0.85; p < 0.001) and between-subjects
(F = 11.63 to 160.70; η2 = 0.05 to 0.76; p < 0.001). The player’s starting status seems to only influence
the training volume in sub-elite youth football, unless one considers the covariance of the playing
time and session duration. Consequently, coaches should prioritize complementary training to
equalize training volume and emphasize similar practice opportunities for non-starters. Future
studies should evaluate the gap between training and match load, measuring the impact of recovery
and compensatory sessions.

Keywords: workload; recovery; starting status; periodization; youth

1. Introduction

Training load monitoring has been widely reported in youth football research [1,2].
Continuous training monitoring allows the measurement of the players’ physical and
physiological demands, allowing them to express their changes in performance and well-
being [3,4]. Currently, analyzing and monitoring the weekly training load has become faster
and easier to use due to advancements in tracking system applications [5,6]. Thus, the
training representation and the game model can be quickly individually tailored through
training load monitoring strategies [7,8]. Although most of the evidence has been produced
in elite youth football, recently some studies have applied training load strategies in
sub-elite cohorts [9–11]. Load variation over a standard microcycle in sub-elite football
players seems to be influenced by week type, player’s starting status, playing position,
training mode, maturation status, and match-related contextual variables [1,11]. Previous
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studies have reported a high intra-week variation with a low inter-week variation across
a standard microcycle in a sub-elite youth football team [10]. When comparing elite and
sub-elite football contexts, several differences have been reported in training intensity and
patterns [10,11]. However, the player’s starting status is still poorly studied in sub-elite
youth training, with few reports in elite contexts [12–15].

For these reasons, the need inevitably arises to make an adjustment to the training loads
of starters and non-starters, as after a game some players may need a complete rest period [16]
or regeneration [17], while others must follow their normal training schedule [16,17] or have
complete compensatory sessions [18]. In this regard, a recent study indicates that it may
be beneficial to use small-sided games (SSG) to control the imposed training load. In fact,
even though players can perform the same type of SSG format, there seems to be evidence
that the choice of training method (i.e., fractional or continuous) and recovery time between
repetitions with the use of the fractional method results in increases and decreases in imposed
training loads, respectively [17–19]. Based on the results of these authors, starters should
perform continuous SSG formats to decrease training load responses, while non-starters should
perform fractional formats with short recovery periods to increase training load responses,
thus compensating for the difference in game load between players (compensatory training)
during the weekly training microcycle [17]. In this way, SSG can be seen as a powerful tool to
ensure that starter and non-starter players achieve the goals set by the coach for the training
session (e.g., distances covered, different speed zones, accelerations, decelerations, heart rate
among others) [1,17].

However, considering the above differences in competitive levels, it is important to de-
termine the main contributing factors that influence the training load management [19,20].
From a long-term development perspective, managing physical qualities is an important
factor in improving a player’s future sporting career [21,22]. Load discrepancies based
on starting status may require compensatory training sessions or competitive breaks op-
timization periods [23,24]. In professional football, Anderson et al. [13] described that
the total activity volume (i.e., training and match load), as well as the total distance
covered, were not different between starters, fringe players, and nonstarters, while Los
Arcos et al. [14] stated that the match load was solely responsible for a higher weekly train-
ing load in starters compared to non-starters. Dalen and Lorås [12] reported a large amount
of match-related high-speed running and sprint distances across the weekly training sched-
ule for elite young football players. Therefore, the present research aims to examine the
evidence-based training load and determine any similarities with the training of sub-elite
youth football players. Thus, the main purpose of this study was to compare the weekly
training load across a standard microcycle in starters and non-starters of a sub-elite youth
football academy.

2. Materials and Methods
2.1. Participants and Study Design

Table 1 presents the baseline characteristics of the subsample of 60 male football
players from a sub-elite Portuguese football academy. A total of 60 young football players
aged between 13 and 20 years were analyzed in this prospective, observational, and cross-
sectional study. The daily training load was continuously monitored during a 6-week
period of the 2019–2020 competitive season. The training data corresponded to a total of
18 training sessions and 324 observation cases (i.e., starters and non-starters with 164 and
160 observations, respectively).

All participants were informed of the aims and risks of the research. The study
only includes players whose legal guardian/next of kin had signed the informed con-
sent to participate. The present research was conducted in accordance with the ethical
standards of the Declaration of Helsinki. The experimental approach was approved and
followed by the local Ethical Committee from the University of Trás-os-Montes e Alto
Douro (3379-5002PA67807).
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Table 1. Description of the participants’ subsamples according to the player’s starting status.

Variables Starters
(n = 164)

Non-Starters
(n = 160)

Total
(n = 324)

Age (y) 15.06 ± 1.85 15.33 ± 1.65 15.20 ± 1.75
Height (m) 1.74 ± 0.80 1.73 ± 0.69 1.73 ± 0.08
Weight (kg) 62.64 ± 10.46 62.31 ± 9.57 62.48 ± 10.03

BMI (Kg/m2) 20.64 ± 2.01 20.58 ± 2.27 20.61 ± 2.14
Playing time (min) 73.82 ± 12.08 24.06 ± 9.67 49.25 ± 27.21

Session duration/wk (min) 148.13 ± 33.07 175.74 ± 43.52 161.77 ± 38.86

2.2. Eligibility Criteria for Training Data

The eligibility for training data was based on previous studies in sub-elite youth
football [10,11] considering the following inclusion criteria: (a) young football players
aged between 13 and 20 years old [1]; (b) at least five years of competitive experience in
football [21]; (c) training files containing at least 35 consecutive minutes of playing time
on the pitch [25]; (d) training data considered a competitive one-game per week schedule
and complete full training sessions three times a week (~90 min) [10,11]. The exclusion
criteria were: (a) total or partial absence from training due to data collection errors, injury
events, rehabilitation sessions, individual training sessions, early withdrawal, and/or
missing training; (b) football players aged under 13 or over 20 years; (c) the goalkeeper
participated in the training session but was excluded from the analysis [1]. The exclusion
criteria resulted in the elimination of 36 observation cases.

The players’ starting status was divided into starters (i.e., started the game at least
55% of the games) and non-starters (i.e., started in less than 55% of the games) [13,26]. The
average playing time was 73.82 ± 12.08 and 24.06 ± 9.67 min for starters and non-starters,
respectively. The number of observations was adjusted by age group, specifically under
15 (U15), under 17 (U17), and under 19 (U19) [10,11]. The number of observations in weekly
training data for each age was: U15 (n = 102), U17 (n = 99), and U19 (n = 120). The microcycle
included three training sessions per week (~90 min) with the following “match day minus
format” (MD): MD-3 (Tuesday), MD-2 (Wednesday), and MD-1 (Friday) [7,8]. The number
of observations in weekly training data for each age was: MD-3 (n = 41), MD-2 (n = 38),
and MD-1 (n = 44). The average training session consisted of 18 players with a training
session and all age groups were trained on an outdoor pitch with official dimensions (FIFA
standard; 100 × 70 m). The training sessions were performed on synthetic turf pitches,
from 10:00 a.m. to 8:00 p.m., and with similar environmental conditions (14–20 ◦C; relative
humidity 52–66%) [10,11].

2.3. Weekly Training Schedule

The sampled training sessions were categorized according to a specific focus, following
the discussion with the coaching staff. All sampled training sessions started with a standard
warm-up with low-intensity running, dynamic stretching for main locomotive lower limb
muscles, technical actions, and ball possession. The overview of weekly training was
potentially variable across categories, such as different training modes with an emphasis
on game-based situations and sport-specific skills for football-specific exercises [27,28]. The
typical weekly training schedule was categorized based on a typical training microcycle
published on youth football [29,30].

The MD-3 (Tuesday) highlighted the recovery and technical skills with an emphasis
on individual and group tactical actions by 1v1 to 6v6 small- and medium-sized games
(SSG/MSG) (physiological set: 75–80% HRmax). The MD-2 (Wednesday) focused on the
sectorial and collective tactical actions of the game model as training containing the use
of large sided games (LSG) (i.e., 7v7 to 10v10) and simulated games (i.e., 11v11) with a
physiological set of 75–80% HRmax. The MD-1 (Friday) emphasized goal-scoring situations
and tactical schemes (i.e., corners, free-kicks, penalty kicks) (physiological set: 85–90% HRmax).
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2.4. Procedures

The young sub-elite football players were monitored using a portable GPS throughout
the whole training session duration (STATSports Apex®, Northern Ireland) [10,11]. The GPS
device provides raw position velocity and distance at 18 Hz sampling frequencies, including
an accelerometer (100 Hz), magnetometer (10 Hz), and gyroscope (100 Hz). Each player wore
the micro-tech inner mini pocket of a custom-made vest supplied by the manufacturer, which
was placed on the upper back between the two shoulder blades. All devices were activated
30 min prior to training data collection to allow clear and acceptable reception of the satellite
signal. Respecting the optimal signal for the measurement of human movement, the match
data considered eight available satellite signals as a minimum for the observations [31]. The
validity and reliability of the global navigation satellite systems (GNSS) were guaranteed
as the GPS has been well established in the literature [31–33]. The current variables and
thresholds should consider a small error of around 1–2% reported in the 10 Hz STATSports
Apex® units [31].

2.5. Training Load Measures
2.5.1. External Training Load

The external training loads were obtained with time–motion data: total distance
(TD) covered (m), average speed (AvS), maximum speed (SPR) (m/s), relative high-speed
running distance (rHSR) (m), high metabolic load distance (HMLD) (m), sprinting distance
(SPR) (m), dynamic stress load (DSL) (a.u.), number of accelerations (ACC), and number of
decelerations (DEC). The number and duration of sprints were also measured (SPR_D and
SPR_N, respectively (m)). The GPS software provided information only on the locomotor
categories above 5.50 m/s: rHSR (5.5–6.97 km·h−1) and SPR (>6.97 km·h−1). The sprints
were measured by the number and average sprint distance (m). The HMLD is a metabolic
variable defined as the distance in meters covered by a player when the metabolic power
exceeds 25.5 W·kg−1. HMLD variables include all high-speed running, accelerations,
and decelerations above 3 m/s m·s−2 [31–33]. Both acceleration variables (ACC/DEC)
considered the number of accelerations and decelerations performed at maximum intensity
(>3 and <3 m/s, respectively). The DSL variable was evaluated by a 100 Hz triaxial
accelerometer integrated into the GPS device. The sum of the accelerations is presented in
the three orthogonal axes of movement (X, Y, and Z planes) in arbitrary units (a.u.) [34].
The high-intensity activity thresholds were adapted from previous studies [1,2].

2.5.2. Internal Training Load
Heart Rate–Based Measures

Heart rate was recorded by a 1 Hz short-range telemetry system GARMIM TM HR band
(International Inc., Olathe, KS, USA). Maximum heart rate (HRmax), average heart rate (AvHR),
and percentage of HRmax (%HRmax) values were considered for analysis [35,36]. Training
impulse was obtained by Akubat TRIMP [37], reporting a team TRIMP whose equation is
based on individual data from the players’ TRIMP; however, it was used to calculate the
internal load for each player as: Akubat TRIMP = Training duration × 0.2053e3.5179x, among
which the HRratio is the same in Banisters TRIMP [1], e = Napierian logarithms, 3.5179 is the e
exponent, and x = HRratio [37]. HRmax was obtained by the Yo Yo intermittent recovery test
level 1 (YYIR1) [38].

Perceived Exertion and Recovery

The perceived exertion was measured using the 15-point Portuguese Borg Rating of
Perceived Exertion 6–20 Scale (Borg RPE 6–20) [39]. The sRPE was obtained by multiplying the
total duration of training sessions for each individual RPE score (sRPE = RPE × session duration)
following a scale from 6 to 20 [40]. To monitor recovery, each player was asked to report the total
quality recovery (TQR) score on a scale from 6 to 20. This scale was proposed by Kenttä and
Hassmén [41] to measure the athletes’ recovery perceptions. RPE and TQR were individually
collected approximately 30 min before and after each training session, respectively. Players
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were already familiarized with the procedures and the perceived data were collected using
Microsoft Excel® spreadsheet (Microsoft Corporation, Redmond, WA, USA). Previous research
has included both scales to examine perceived stress and fatigue in youth football [10,11].

2.6. Statistical Analysis

Robust estimates of a 95% confidence interval (CI) and data heteroscedasticity were
calculated using randomly 1000 bootstrap samples [11,42]. Data are presented as the
mean ± standard deviation (SD), mean differences (∆) are presented in absolute values,
and statistical significance was set at p < 0.05. Differences in the players’ starting status
were tested with an independent sample t-test [43]. Effect sizes (ES) were calculated based
on Cohen’s d and classified as: 0.2, trivial; 0.6, small; 1.2, large; and >2.0, very large [42,43].
A repeated-measure ANOVA was applied to compare the differences and interactive effects
between playing time, session duration, and player’s starting status in the weekly training
load [44,45]. Data sphericity was checked by Mauchly’s statistic, and where violated, a
Greenhouse–Geiser adjustment was applied. For ANOVA, the ES was computed by the eta
square (η2) and interpreted as: 0 < η2 ≤ 0.04, without effect; 0.04 < η2 ≤ 0.25, minimum;
0.25 < η2 ≤ 0.64, moderate; and η2 > 0.64, strong [46,47]. A comparison of data visualization
between starters and non-starters was performed by a violin diagram with a boxplot
element (ggplot2). All statistical analyses and data visualization were conducted using
JASP software (JASP Team, 2019; version 0.16.3, jasp-stats.org) [43].

3. Results
Weekly Training Load According to the Player’s Starting Status

The descriptive statistics of weekly training load according to the player’s starting
status are presented in Table 2.

Table 2. Mean weekly training load according to the player’s starting status.

Measures Starters (n = 164) Non-Starters (n = 160)

TD (m) 5105.53 ± 1684.22 5533.56 ± 1549.26

AvS (m/min) 48.07 ± 21.02 25.84 ± 16.00

SPR (m/s) 7.12 ± 1.38 7.52 ± 2.45

rHSR (m) 72.52 ± 77.88 81.53 ± 77.96

HMLD (m) 528.48 ± 289.14 588.58 ± 289.02

SPR_D (m) 41.26 ± 59.27 48.26 ± 57.39

SPR_N (n) 2.99 ± 3.51 3.49 ± 3.84

DSL (a.u.) 249.22 ± 130.66 252.30 ± 139.84

ACC (n) 44.14 ± 20.21 47.81 ± 22.83

DEC (n) 39.09 ± 20.97 43.85 ± 26.29

HRmax (bpm) 185.03 ± 10.00 186.89 ± 10.12

AvHR (bpm) 135.15 ± 11.04 136.78 ± 11.43

%HRmax (bpm) 72.87 ± 6.04 74.20 ± 6.13

Akubat TRIMP (a.u.) 86.05 ± 29.71 91.26 ± 34.07

RPE (a.u.) 12.99 ± 2.18 13.36 ± 2.18

sRPE (a.u.) 1169.45 ± 196.25 1202.06 ± 196.08

TQR (a.u.) 15.80 ± 2.17 15.99 ± 1.91
Abbreviations: ACC—acceleration; AvS—average speed; DEC—deceleration; HMLD—high metabolic load dis-
tance; RPE—ratings of perceived exertion; SPR—sprint distance; SPR_N—number of sprints; SPR_D—distance
covered at sprinting; sRPE—session ratings of perceived exertion; TD—total distance; TQR—total quality recovery.
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Table 3 presents the mean comparison between starters and non-starters for exter-
nal and internal training loads. Only the TD covered presented a significant difference
with a moderate effect when comparing between the player’s starting status (t = −2.38,
∆ = −428.03 m, p = 0.018, d = 0.26). Training volume was higher for non-starters than
starter players (TDStarters = 5105.53 ± 1684.22 vs. TDNon-starters = 5105.53 ± 1684.22 m).
Neither the measures of external training intensity nor the internal training load showed
significant differences. However, the high intensity showed a trend towards higher values
in non-starters.

Table 3. Mean differences between starters and non-starters in the weekly training load.

Variables t-Test Cohen’s d

Measures t ∆ p d Qualitative Effect

TD (m) −2.38 −428.03 0.018 0.26 Moderate

AvS (m/min) −1.88 −4.90 0.062 0.21 Moderate

SPR (m/s) −1.81 −0.40 0.071 0.20 Moderate

rHSR (m) −1.09 −9.43 0.277 0.12 Small

HMLD (m) −1.87 −60.10 0.062 0.21 Moderate

SPR_D (m) −1.08 −7.00 0.281 0.12 Small

SPR_N (n) −1.23 −0.50 0.222 0.14 Small

DSL (a.u.) −0.21 −3.08 0.838 0.02 Small

ACC (n) −1.53 −3.67 0.126 0.17 Small

DEC (n) −1.80 −4.76 0.072 0.20 Moderate

HRmax (bpm) −1.67 −1.86 0.096 0.19 Small

AvHR (bpm) −1.30 −1.63 0.193 0.15 Small

%HRmax (bpm) −1.97 −1.33 0.049 0.22 Moderate

Akubat TRIMP
(a.u.) −1.47 −5.21 0.143 0.16 Small

RPE (a.u.) −1.50 −0.36 0.136 0.17 Small

sRPE (a.u.) −1.50 −32.61 0.136 0.17 Small

TQR (a.u.) −0.86 −0.20 0.392 0.10 Small
Abbreviations: ∆—mean differences; ACC—accelerations; ALL—overall independent position group; AvS—average
speed; bpm—beat per minute; CD—central defenders; CM—central midfielders; DEC—decelerations; FB—fullbacks;
FW—forwards; rHSR—relative high speed running; SPR—sprints; TD—total distance; WM—wide midfielders.

When considering the playing time and session duration as co-variables, to compare
the weekly training load in starters and non-starters, there were significant interactive
effects between players’ starting status, playing time, and session duration in overall
training load variables, either for within-subjects (F = 140.46; η2 = 0.85; p < 0.001) or for
between-subjects (F = 11.63 to 160.70; η2 = 0.05 to 0.76; p < 0.001). Figure 1 shows the
comparison between starters and non-starters for each training load measure.
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4. Discussion

The main objective of this study was to compare the weekly training load across a
standard microcycle in starters and non-starters of a sub-elite youth football academy. In
general, the presented data suggested a trend towards a higher weekly training load in
non-starting football players. Additionally, the external and internal training intensity
did not seem to differ between the starting status of sub-elite youth football players.
However, when considering the co-variance of the playing time and session duration, a
significant interactive effect between the players’ starting status, playing time, and session
was reported in the overall training load variables.

In this study, only the TD covered seems to be influenced by the player’s starting
status in the young sub-elite, with a higher training volume for non-starters compared to
starters (moderate effect). A possible explanation may be that coaches tend to prioritize
complementary training to equalize training volume and emphasize similar practice oppor-
tunities for non-starters [23,24]. The fact that this sub-elite academy of training football only
trains three times a week may represent that one of them might represent recovery training
for the starters and compensatory training for the non-starters. The current findings are
contrary to the evidence produced on the influence of the player’s starting status for elite
youth training. In youth elite football, Dalen and Lorås [12] determined a higher average
weekly physical load for starters than non-starters in total covered distance, Banister’s
TRIMP, accelerations, and sprints. Furthermore, starters completed more moderate and
high-intensity running than non-starters and fringe players in professional football [13].
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Both training load analyses were performed during the in-season phase as in the present
study [12,13]. On the contrary, this study determined that the non-starters covered more
distance across the standard microcycle than starters. Current research also suggests a
trend towards high-intensity activity as current training data showed a tendency towards
higher values in non-starters, specifically for DEC, HSR, and SPR. The weekly training
load disparities between elite and sub-elite football players are due to expertise level, peri-
odization strategy, and training content [48,49], considering that it is possible that shorter
training duration in sub-elite contexts may lead coaches to prioritize equity of practice
opportunities for non-starters [48]. Otherwise, the intra- and inter-individual variation
training load may influence the perceived exertion, pacing strategies, and high-intensity
demands [11]. In addition, previous studies have demonstrated that non-starter players
tend to have higher training workloads, which may result in overreaching, overtraining
syndrome, and poor performance [44,45]. This evidence may also be due, in part, to the in-
fluence of maturational and motor development factors on the weekly training load [10,11].
Most importantly, the weekly training load across a standard microcycle should consider
the co-variance of the playing time and session duration. This is because a non-starter
may have 45 min, as well as a starter, since the players’ starting statuses were based on the
percentage of started matches and not on the playing time [13,26]. However, this evidence
moves in the same direction as the weekly in-season training load verified in professional
football players by Los Arcos et al. [14]. According to the study by Los Arcos, although
a greater tendency towards a higher perceived exertion-based load for the starters was
observed, only the match load was identified as a major factor contributing to a higher
weekly training load. In the present study, the perceived exertion tended to be higher for
starters than non-starters, for RPE, sRPE, and TQR. Previous studies have demonstrated
that the perceived exertion does not seem to show differences either in age group or in
maturity status [11]. Given this, the same assumptions seem to occur when considering
the player’s starting status as an influential factor in the accumulated training load [1]. All
HR-based measures showed no statistical differences between starters and non-starters.
However, similar to external training intensity, internal training intensity tends to be higher
in non-starters. More specifically, non-starters have higher values for HRmax and %HRmax.
Teixeira et al. [11] described higher HRmax and Akubat TRIMP in U17, as well as %HRmax,
RPE, and sRPE in U15 sub-elite football players. The current weekly training load showed
no differences for Akubat TRIMP between starters and non-starters. Although HR-based
measures continue to be useful for training load monitoring, the limitations of measuring
high-intensity movements are highly dependent on anaerobic components that have been
widely described in the literature [1,2]. The standardization of the application of TRIMP
methods to youth sub-elite football players should be considered to alleviate these prob-
lems [37]. Additionally, there is a need to reduce the dimensionality of the biomechanical
and physiological datasets for a better understanding of the training load [11].

The current study presents some limitations that should be taken into consideration
when interpreting and extending the results. First, the training load analysis included
only one sub-elite football academy, so the applicability of the results must consider this
specificity. Second, quantifying a weekly training load across a standard microcycle should
also consider other influencing factors such as periodization structure and match-related
contextual factors [10,11,50]. However, the current analysis did not include match data
and, consequently, training and match load relationships [1]. The difference between
recovery and compensatory sessions from other training days was also not analyzed [10].
Moreover, the training load was extracted from a complete training session, so that in the
future the different training exercises should be subdivided to assess the task constraints
and modality (i.e., fractional or continuous) such as SSG, high-intensity interval training
(HIIT), and simulated game situations [1,51]. Pacing strategies and collective behavior
should be considered in future research when analyzing the role of the starting status
in match load [20,26,49]. In addition, future research should consider the relationship
between compensatory training sessions with match load in youth sub-elite football, as this
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is an emerging research topic that has not yet been explored in sub-elite training contexts.
Additionally, it is still necessary to compare how the behavior of sub-elite and elite football
players differs in specific training drills and constrained tasks [1,10,11]. The lack of access
to raw positional data made it challenging to perform the fragmented analysis of the entire
training session [49]; therefore, future research should focus on physical, physiological, and
technical–tactical analysis with an emphasis on comparing starters and non-starters [49,51].
Hence, more analyses are needed for this purpose with a broader follow-up, given the
small sample and size of this prospective, cross-sectional, and observational study design.
Research on the weekly training load with an integrative performance perspective should
also be considered, as key technical and tactical indicators were not explored in this
analysis [49].

5. Conclusions

The current research suggests a trend toward a higher weekly training load in non-
starters, contrary to the published literature to date. The player’s starting status only seems
to influence the training volume in sub-elite youth football, unless the covariance of the
playing time and session duration are considered. Thus, coaches seem to prioritize comple-
mentary training to equalize training volume and emphasize similar practice opportunities
for non-starters. Future studies should evaluate the gap between training and match load
in this comparison between starters and non-starters.
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Abstract: This study aimed to examine the salivary immunoglobulin A (s-IgA) and salivary cortisol
(s-Cort) responses to competitive matches in elite male soccer players. Data were collected for
19 players (mean ± SD, age: 26 ± 4 years; weight: 80.5 ± 8.1 kg; height: 1.83 ± 0.07 m; body-fat
10.8 ± 0.7%) from a Russian Premier League team throughout a 6-week period during the 2021–2022
season. Physical match loads were measured through an optical tracking system. s-IgA and s-Cort
were assessed one day before each match (MD − 1), 60-min before kick-off, 30-min post-match,
and 48-h post-match (MD + 2). At 60-min before kick-off, s-IgA values were lower than at MD − 1
(90% CI difference 15.7–71.3 µg/mL). Additionally, compared to 60-min before kick-off, s-IgA was
higher at 30-min post-match (90% CI difference 1.8–57.8 µg/mL) and at MD + 2 (90% CI difference
5.4–60.5 µg/mL). At 30-min post-match, s-Cort was higher than at 60-min before kick-off (90% CI
difference 4.84–7.86 ng/mL), while on MD + 2 s-Cort was higher than at 60-min before kick-off
(90% CI difference 0.76–3.72 ng/mL). Mixed model regressions revealed that longer playing time
and total distance covered, and higher number of high-intensity accelerations, involved smaller
s-IgA differences between 30-min post-match and 60-min before kick-off, and between 60-min before
kick-off and MD + 2. Additionally, greater high-intensity and sprint distances, and a higher number
of high-intensity and maximal accelerations, involved smaller s-Cort differences between 60-min
before kick-off and MD + 2. In conclusion, the present results demonstrate that using salivary
monitoring combined with match load may be a useful tool to monitor individual mucosal immunity
and hormonal responses to match-play and the subsequent recovery periods in elite soccer players.

Keywords: salivary cortisol; salivary immunoglobulin A; physical match performance; recovery; soccer

1. Introduction

The physiological demands of soccer performance have been extensively researched
over the past several decades [1]. It is widely accepted that undertaking ~90 min of a soccer
match induces significant disruption to bodily homeostatic parameters. The impact that
this has on various physiological processes in the hours and days following match-play
has also been researched in detail [2,3].

Various methods have been employed within research settings in an effort to quantify
the physiological impact following soccer match-play. These methods include assessment
of neuromuscular function [4], blood sampling [5], subjective questionnaires [6] and saliva
sampling [7]. While these methods have been used effectively to highlight relationships
between the physiological status of soccer players and training and match demands,
there is a need to fully understand the profile of the response to elite competitive soccer
match-play. This further understanding may allow practitioners to individualize the
schedule and program of players to ensure full recovery following match-play, reducing the
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likelihood of injuries, and optimal physical preparation for upcoming matches to maximize
subsequent performance.

From the aforementioned methods, saliva sampling methods have been employed to
quickly screen players for stress and illness on a regular basis throughout the season [7–10].
Saliva sampling is a relatively simple and non-invasive method that provides practitioners
with a variety of markers that can be used to understand players physiological status pre-
and post-match. Previous research has outlined the use of salivary markers such as salivary
immunoglobulin A (s-IgA) [7], cortisol (s-Cort) [11], and testosterone [12] in soccer players
following match-play.

As outlined above, the stressors of soccer match performance result in disruption to the
physiological status of players. Mortatti et al. [8] reported a decrease in s-IgA concentration,
a marker of mucosal immunity, in elite U19 soccer players when regularly monitored in a
series of seven matches over 20 days, which may leave players more susceptible to illness,
specifically through upper respiratory tract infections. Indeed, Springham et al. [10] also
identified a cross-season suppression of s-IgA in professional soccer players, which was
related to players perceived fatigue, sleep quality and muscle soreness suggesting the need
to adopt s-IgA monitoring to aid in the prescription of training load and recovery. Therefore,
methods that may be able to provide practitioners with an objective understanding of
immune system function, in particular for mucosal immunity, in the period following
match-play may be able to minimize the number of training days lost to illness over the
course of a season [13].

Cortisol is a steroid hormone, detectable in saliva [14], that reflects catabolic balance [15].
Previous research has reported acute increases in s-Cort post-match in a variety of athletic
populations including soccer [15,16], rugby [17], and Australian Rules football (AFL) [18], and
differing training methods [19], which may persist for between 24- and 75-h [15,16,20]. Soccer
studies that have examined longitudinal s-Cort responses have reported elevated values
during periods of increased workload [21] and a reduction in Testosterone: Cortisol ratio
toward the end of the competitive season [22]. However, previous longitudinal investigations
are limited by infrequent or missing data points [21,22], while studies with short sampling
periods have failed to examine the effect of elite competitive match-play or quantified the
relationship between physical match performance and objective immunological (s-IgA) and
hormonal (s-Cort) markers during the post-match 48-h recovery period. Thus, the ability to
accurately analyze acute player responses is diminished.

Morgans et al. [7] presented data that reported fluctuations in s-IgA to be sensitive to
changes in the physical demands placed on soccer players as a result of changes in fixture
scheduling at different time points across the season. Values for s-IgA were decreased
during periods of condensed fixture schedules (2–3 matches per week) but returned to
‘normal’ baseline measures during regular fixture schedules (one match per week). Similar
findings were presented by Mortatti et al. [8] when assessing changes in s-IgA during a
period of congested fixtures (seven matches in 20 days). However, these authors found no
change in s-Cort concentration during the same period. These authors also suggest that
further investigation is required to better understand the potential relationship between
s-Cort and the physical demands of elite soccer match-play.

Therefore, this unique investigation aims to examine the s-IgA and s-Cort responses to
match-play of elite European soccer players across six competitive fixtures compared with
baseline and pre-match values, and to compare if and how these responses differ between
starters and non-starters. Furthermore, the study aims to quantify the relationship between
physical match performance and objective immunological (s-IgA) and hormonal (s-Cort)
markers during the post-match 48-h recovery period. It was hypothesized that elite soccer
match-play would induce changes in s-IgA and s-Cort when compared with baseline and
that these changes would be greater for starters versus non-starters.
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2. Materials and Methods
2.1. Experimental Approach to the Problem

This study examined 19 elite male soccer players from the same team over a 6-week
period during the second phase of the season. The participants had been playing soccer for
a minimum of 10 years. Thirteen of the players used in this investigation were members of
their respected national teams. The sample was initially recruited based on squad selection
across six league matches (home matches (n = 4), away fixtures (n = 2)) in the 2021–2022
season. The sample was further sub-divided into starting players (n = 10) and non-starting
players (n = 9). Participant data were only included in the analyses as starting player
when time spent on the field exceeded 45-min of the match. Players were considered for
inclusion as starting player if they completed, based on the inclusion criterion of 45-min
playing time, in three (50%) or more of the examined matches. During a regular week,
samples were obtained one day before each match (MD − 1), 60-min before kick-off on
match-day, 30-min post-match and 48-h post-match (two days (MD + 2)). All samples
were collected prior to breakfast in the morning period (09.30–10.30 a.m.) 1-h pre-training
except on match-day. In the six examined matches, kick- off time was 2.00 p.m. (n = 3),
4.30 p.m. (n = 1), and 7.00 p.m. (n = 2). Sample collection time on match-day varied due
to the official start of the match but was consistently 60-min prior to kick-off. In addition
to saliva assessment, all match performance data was collated for analysis. Except on
match-day, all participants were in a fasted state and required to abstain from food and
caffeine products for a minimum of 2-h prior to the collection of saliva, and all salivary
samples were collected at the same time of day for all participants (09.30–10.30 a.m.) to
minimize the residual effect of exercise and circadian variations.

2.2. Participants

A total of 19 male outfield players (mean ± SD, age 26 ± 4 years; weight 80.5 ± 8.1 kg;
height 1.83 ± 0.07 m; body-fat 10.8 ± 0.7%) were involved in the study. Players were
classified by position and grouped accordingly: Center Defender (CD) n = 5, Wide Defender
(WD) n = 3, Center Midfield (CM) n = 7, Wide Forward (WF) n = 2, and Center Forward
(CF) n = 2. All data evolved as a result of employment in which players were routinely
monitored over the course of the competitive season. Nevertheless, approval for the
study from the club was obtained [23] and the study was performed in accordance with the
Helsinki Declaration principles. Ethical approval was granted by the local Ethics Committee
of Sechenov University (N 22-21 dated 12 December 2021). To ensure confidentiality,
all data were anonymized before analysis. Participants were fully familiarized with the
experimental procedures within this study due to the regular testing protocols implemented
as part of the clubs’ performance monitoring strategy. During the study, players were
instructed to maintain normal daily food and water intake, and no additional dietary
interventions were undertaken.

2.3. Procedures

The study period included saliva sampling and all match performance across a 6-week
phase of the 2021–2022 season. The training sessions performed during the investigation
were representative of a typical training micro-cycle implemented within elite European
soccer, involving a periodized training week encompassing low, moderate, and high
intensity sessions leading to competitive match-play. No player reported a soft tissue injury,
illness or infection during the data collection period.

2.4. Salivary Sampling

Given that soccer match-play induces a reduction in s-IgA concentration that return
to basal levels within 18-h [24], we reasoned that collection of samples 48-h post-match
would allow us to ascertain the effects of the acute suppression in s-IgA concentration from
that associated with more chronic levels of stress. The diurnal rhythm of cortisol typically
sees the highest concentrations in early morning with decreases as the day progresses [25].

46



Int. J. Environ. Res. Public Health 2022, 19, 11784

Thus, players provided saliva samples pre-breakfast approximately 60-min before training
on MD − 1, 60-min before kick-off on match-day, 30-min post-match and pre-breakfast
approximately 60-min on MD + 2.

Saliva samples were collected and analyzed from this cohort of players using the
Soma OFC II collection kits in combination with real-time Lateral Flow Device (LFD),
respectively. This method has been previously validated for oral fluid collection in the
immunoassay of immunoglobulins in sports persons [26,27] and correlates well with other
methods (enzyme-linked immunosorbent assay) adopted in the determination of s-IgA [9]
and s-Cort [11,20,24]. In accordance with the manufacturer’s guidelines, after thoroughly
rinsing their mouths with water, un-stimulated saliva samples were obtained. Players
were required to place an Oral Fluid Collector (OFC II; Soma Bioscience, Oxfordshire,
UK) consisting of a synthetic polymer-based swab attached to a polypropylene volume
adequacy indicator stem in their mouth. Participants were instructed to swallow any saliva
present within the oral cavity before placing the collection device on top of the tongue.
Once the OFC kits collect 0.5 ml (± 20%) of oral fluid (collection time typically in the range
of 20–50-s), the volume adequacy indicator turned blue and the player then placed the swab
into the buffer bottle. The bottle was then mixed by gentle inversion for a period of 1–2-min,
and the collected sample was ready to be analyzed through an IgA/Cortisol Dual LFD and
photometric LFD reader (Soma Bioscience, Wallingford, UK). For the LFD, two-to-three
drops of saliva/buffer mix were added to the sample window of the LFD cassette. The
liquid in turn then ran the length of the test strip through creating a control and test line
visible in the test window. Scanning of the LFD took place 15-min after the sample was
added, being a competitive assay, the test line intensity was inversely proportional to the
s-IgA and s-Cort concentration in the sample analyzed. This method has been previously
validated [26–28] against ELISA (r2 = 0.78) in 208 samples collected from a cohort of English
Premier League soccer players [28].

2.5. Physical Load

League physical match performance data were collected using a two-camera optical
tracking system (InStat, Moscow, Russia) that was installed to record and examine the
technical and physical match performance during competitive league fixtures. The matches
were filmed using two full HD, static cameras positioned on the centre line of the field,
not less than 3-metres from the field and 7-metres in height. A consistent 25 Hz format
was provided. Data were linearly interpolated to 50 Hz, smoothed using a 5-point moving
average and then down-sampled to 10 Hz, which allowed analysis of all player actions with
and without the ball [29]. The installation process, reliability, and validity of InStat have
been previously reported [29]. Physical performance was analyzed using the InStat Analysis
Software System and exported to the Microsoft Excel software for further analyses. InStat
provided written permission to allow all match data to be used for research purposes. The
physical match activity profile included: time on pitch (min); total distance covered (km);
high intensity distance (km; total distance covered 5.5–7 m/s); sprint distance (km; total
distance covered >7 m/s); number of high-intensity accelerations (peak speed 5.5–7 m/s);
number of maximal accelerations (peak speed >7 m/s).

2.6. Statistical Analysis

All data are presented as the mean ± SD. When appropriate, 90% confidence intervals
(CI) were also shown. Data were analyzed with the software R, version 4.2.0 (R Foundation
for Statistical Computing, Vienna, Austria). Linear mixed models, with random intercepts
for individual players’ and match IDs, were used to assess the differences between the
mean s-IgA and s-Cort values at the examined time points (MD − 1, 60-min before kick-off,
30-min post-match, and MD + 2) in starters compared to non-starters. The sample 60-min
before kick-off was taken as the reference category to which values of MD − 1, 30-min post-
match, and MD + 2 values were compared. Additionally, linear mixed-effect regressions
with random intercept for players’ and match IDs were performed to examine the effect of
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playing time (min) and variables related to the match physical effort (distances covered
and number of accelerations), on s-IgA and s-Cort, respectively. The s-IgA and s-Cort
differences between post- (30-min after) and pre-match (60-min before), and the s-IgA and
s-Cort differences between 48-h post- and pre-match, were taken as outcome variables.
Effect sizes were calculated from the coefficients of linear mixed models as Cohen’s d
through the lme.dscore function from the EMAtools package [30]. The absolute d value
was interpreted as very small (<0.2), small (0.2–0.5), medium (0.5–0.8), large (>0.8). For all
analyses, statistical significance was set at p < 0.10 due to the relatively small number of
examined matches.

3. Results

The mean and SD s-IgA at the examined time points are shown in Figure 1. Sixty
minutes before kick-off, the mean s-IgA value was significantly (p = 0.0108) lower than
MD − 1, with an estimated difference of 43.5 µg/mL (90% CI: 15.7 to 71.3; d = 0.26, small).
Additionally, compared to 60-min pre-match, there was a significantly higher value of
s-IgA 30-min post-match (p = 0.083; estimated difference 29.8 µg/mL (90% CI: 1.8 to 57.8;
d = 0.17, very small) and 48-h post-match (p = 0.051; estimated difference 33.0 µg/mL
(90% CI: 5.4 to 60.5; d = 0.19, very small). No significant differences were observed between
starters and non-starters at any time point, and there was no significant group x time
interaction (p > 0.10).
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Figure 1. Mean and SD values of s-IgA the day before the match (MD − 1), 60-min before kick-off
(M − 60 min), 30-min post-match (M + 30 min), and 48-h post-match (MD + 2).

Figure 2 shows the mean and SD values of s-Cort at the four examined time points.
There was no significant difference between MD − 1 and 60-min before kick-off (p = 0.118).
At 30-min post-match, s-Cort was significantly (p < 0.001) higher than 60-min pre-match,
with an estimated difference of 6.35 ng/mL (90% CI: 4.84 to 7.86; d = 0.68, medium), while at
48-h post-match, s-Cort showed a decrease though it was still slightly higher (p = 0.014) than
60-min before kick-off, with an estimated difference of 2.47 ng/mL (90% CI: 0.76 to 3.72;
d = 0.25 small). No differences were observed between starters and non-starters, and no
significant time x group interaction was observed (p > 0.10).

Tables 1 and 2 shows the coefficients of fixed effects obtained with linear mixed model
analysis with playing time and physical match performance variables as fixed factors,
and individual values of s-IgA differences, 30-min post-match vs. 60-min before kick-off
(Table 1), and 48-h post-match vs. 60-min before kick-off (Table 2), as outcome variables.
These coefficients indicate the change in s-IgA differences post-match involved by a one-
unit increase of the independent variable in that given match.
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Figure 2. Mean and SD values of s-Cort the day before the match (MD − 1), 60-min before kick-off
(M − 60 min), 30-min post-match (M + 30 min), and 48-h post-match (MD + 2).

Table 1. Effects of playing time and physical performance on s-IgA differences calculated between
30-min post-match and 60-min before kick-off time points.

Coefficient (90% CI) p-Value Cohen’s d

Playing time (min) −0.74 (−1.36 to −0.12) 0.059 * 0.62
TD (km) −6.82 (−12.36 to −1.31) 0.051 * 0.61

High-intensity distance (km) −64.91 (−128.34 to −1.16) 0.102 0.43
Sprint distance (km) 61.99 (−200.82 to 320.77) 0.697 0.09

Number of high-intensity accelerations −1.18 (−2.16 to 0.19) 0.057 * 0.48
Number of maximal accelerations −0.42 (−4.89 to 3.98) 0.876 0.03

* p < 0.10. TD = Total distance; CI: Confidence Interval.

Table 2. Effects of playing time and physical performance on s-IgA differences calculated between
48-h post-match and 60-min before kick-off time points.

Coefficient (90% CI) p-Value Cohen’s d

Playing time (min) −1.32 (−2.18 to −0.45) 0.013 * 0.80
TD (km) −12.61 (−20.20 to −4.95) 0.007 * 0.81

High-intensity distance (km) −125.65 (−211.21 to −37.23) 0.018 * 0.61
Sprint distance (km) −323.09 (−679.52 to 49.44) 0.145 0.33

Number of high-intensity accelerations −1.71 (−3.03 to −0.35) 0.037 * 0.52
Number of maximal accelerations −3.16 (−9.20 to 3.18) 0.396 0.19

* p < 0.10. TD = Total distance; CI: Confidence Interval.

A 1-min longer time on pitch involved a 0.74 µg/mL smaller 30-min post-match/60-min
before kick-off difference, with a medium effect (Table 1), and a 1.32 µg/mL smaller 48-h
post-match/60-min before kick-off s-IgA difference, with a medium effect (Table 2). Simi-
larly, a greater total distance covered and a higher number of high-intensity accelerations
involved smaller s-IgA differences between 60-min before kick-off and 30-min or 48-h post-
match, with d values ranging from medium to large (Tables 1 and 2). Additionally, greater
high-intensity distance covered involved a smaller s-IgA difference between measurements
taken 48-h post-match and 60-min before kick-off, with a medium effect (Table 2).

The fixed effects obtained from linear mixed models, with time on pitch and physical
match performance variables as fixed factors, and individual values of s-Cort differences as
outcome variables are presented in Table 3 (30-min post-match vs. 60-min before kick-off
difference) and Table 4 (48-h post-match vs. 60-min before kick-off difference).
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Table 3. Effects of playing time and physical performance on s-Cort differences calculated between
30-min post-match and 60-min before kick-off time points.

Coefficient (90% CI) p-Value Cohen’s d

Playing time (min) 0.005 (−0.042 to 0.053) 0.838 0.06
TD (km) 0.01 (−0.41 to 0.42) 0.999 0.00

High-intensity distance (km) 0.31 (−4.24 to 4.83) 0.910 0.03
Sprint distance (km) 1.09 (−17.42 to 18.78) 0.921 0.02

Number of high-intensity accelerations −0.011 (−0.081 to 0.059) 0.778 0.07
Number of maximal accelerations 0.073 (−0.243 to 0.371) 0.686 0.09

TD = Total distance; CI: Confidence Interval.

Table 4. Effects of playing time and physical performance on s-Cort differences calculated between
48-h post-match and 60-min before kick-off time points.

Coefficient (90% CI) p-Value Cohen’s d

Playing time (min) −0.029 (−0.065 to 0.007) 0.193 0.35
TD (km) −0.30 (−0.62 to 0.01) 0.116 0.41

High-intensity distance (km) −3.54 (−7.02 to −0.11) 0.097 * 0.38
Sprint distance (km) −15.55 (−29.06 to −2.06) 0.063 * 0.43

Number of high-intensity accelerations −0.0056 (−0.1098 to −0.0035) 0.086 * 0.40
Number of maximal accelerations −0.236 (−0.462 to −0.009) 0.091 * 0.39

* p < 0.10. TD = Total distance; CI: Confidence Interval.

There was no significant effect of playing time, distances covered or the number
of high-intensity or maximal accelerations on s-Cort differences between 30-min post-
match and 60-min before kick-off (all p > 0.10) (Table 3). Conversely, greater high-intensity
and sprint distances, and a higher number of high-intensity and maximal accelerations,
involved smaller s-Cort differences between 48-h post-match and 60-min before kick-off,
with small effects (Table 4).

4. Discussion

This investigation aimed to examine the s-IgA and s-Cort responses to match-play of
elite soccer players across six competitive fixtures in the 2021–2022 season compared with
baseline and pre-match values. Furthermore, the study aimed to quantify the relationship
between physical match performance and objective immunological (s-IgA) and hormonal
(s-Cort) markers during the post-match 48-h recovery period. One of the main findings
of the present study was the significant though slight decrease in s-IgA concentration
from MD − 1 to 60-min before kick-off. It is reasonable to suggest that this result is
somewhat unexpected as the release of s-IgA is under strong neuroendocrine control [31],
and the activation of the sympathetic nervous system associated with player’s match
preparation would, on the contrary, increase s-IgA concentration. Previously, it has been
suggested that these mechanisms are responsible for the increases in s-IgA concentration
induced by acute stress [32]. This result however, is unique in elite professional male
soccer players and may suggest that psychological factors related to official match-play
preparation may affect s-IgA concentration, and consequently, mucosal immune function.
Moreira et al. [33], demonstrated in elite male volleyball players a significantly lower pre-
match s-IgA concentration for a final championship match compared with pre-match s-IgA
values for a regular season match. This result suggests that players’ perceived importance
of the match affect s-IgA concentration, highlighting therefore, the role of psychological
factors in modulating the mucosal immunity in team-sport athletes. Indeed, this result
further indicates that monitoring resting s-IgA in team-sports athletes would provide
valuable information regarding how athletes cope with competition induced stress.

Regarding coping with stress related to competitive match preparation, the present
results reported lower s-IgA concentration 60-min before kick-off compared to MD − 1,
which may be partly explained by the well-known differences in responses to acute stress
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between active and passive coping strategies [34]. Bosch et al. [34] examined the acute
immunological effects of two different laboratory stressors (“active coping” via a time-
paced memory test and “passive coping” via a stressful video showing surgical operations).
The results of the study showed that active coping led to increases in s-IgA concentration,
while, passive coping induced a decrease in s-IgA concentration. Considering that the
preparation for an official match may impose a significant psychological stress on team-
sports athletes [33,35], it may therefore be inferred that the adoption of passive coping
strategies before official match-play may negatively impact the mucosal immune function
which in turn may increase the likelihood of upper respiratory tract infection occurrences.
The present results in conjunction with the aforementioned data may possibly provide an
opportunity for sport scientists and professionals working with soccer players to adopt
active coping strategies during the preparation period for official soccer matches, and
highlight the potential for the introduction of affective or positive emotional engagement.
Further studies should focus on examining whether structured active coping tasks minimize
the negative effect (i.e., decreasing s-IgA concentration) of the inherent stress associated
with preparation for official match-play.

The current results also demonstrated an increasing trend in s-IgA concentration at
30-min and 48-h post-match, compared to 60-min before kick-off. These results suggest a
short-term (acute) stress response induced enhancement of mucosal immune function [36].
Psychological and physiological stressors have been shown to stimulate biological stress.
These responses are signals to cells and tissues, which express themselves as receptors
for the released biological factors, leading therefore to the activation of all bodily systems,
including the immune system. In contrast to chronic stress, that may lead to suppression or
dysregulation of immune function, while impacting negatively the mucosal immunity [37],
the present results suggest that the short-term stressors related to official soccer match-
play may induce enhancement of immune function in professional soccer players. This is
a positive response which prepares athletes for the imposed challenges associated with
competition. It is important to highlight that previous studies have shown that factors
such as corticosterone and epinephrine, released due to the presence of a stressor, are
mediators of a short-term stress induced immuno-enhancement, while a variety of studies
have shown increases or no changes in s-IgA concentration from pre- to post-match in
team-sport athletes [9,33,38], professional female soccer players [39], and professional male
soccer players [40]. Previous studies in soccer players demonstrated that elevated levels
of psycho-physiological stress may negatively affect the mucosal immune function, with
decreases in s-IgA concentration across periods of congested fixtures or intensive training
loads [7,8,12,41]. Considering our results in combination with the existing literature, it could
be reasonable to suggest that the probability of observing no changes or even increases
in s-IgA concentration is high for acute stress (i.e., from pre- to post-match), while on the
other hand, the chronic effect of accumulated stress, notably, when performing successive
matches in a short period of time, may negatively affect the mucosal immunity of players.

The design of the present study allowed the observation of s-IgA responses to actual
physical match load that have not yet been demonstrated in official soccer matches with
elite professional male players. Despite the observed trend to increase s-IgA concentra-
tion from pre-match to 30-min and 48-h post-match, it is notable that, when perform-
ing a higher workload, players seemed to present a slower return to their initial s-IgA
concentration. The 1-min longer playing time on pitch produced a 0.74 µg/mL smaller
30-min post-match/60-min before kick-off difference and a 1.32 µg/mL smaller 48-h post-
match/60-min before kick-off s-IgA difference. Smaller s-IgA concentration differences
between 60-min before kick-off and 30-min or 48-h post-match were also observed in
association with greater total distance covered, and with a higher number of high-intensity
accelerations. Additionally, greater high-intensity distance covered involved a smaller
s-IgA difference between 48-h post-match and 60-min before kick-off. This unique and im-
portant finding of the present study suggests that an inverted-U/bell-shaped relationship
may be observed between match-workload and the effects on mucosal immune function.
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Thus, when performing higher workload, above a given threshold, players may be more
prone to trivial increases or even reductions in s-IgA concentrations. In addition, this result
may aid in explaining the increased likelihood of a suppressed effect from accumulated
and successive match-play in s-IgA concentration, as this workload accumulation would
affect plasma cells functions (immunoglobulin-secreting plasma cells) and the rate of IgA
transcytosis across the epithelial cell. This result suggests a novel role for physical match
workload monitoring and its impact on mucosal immunity in professional soccer players.

In relation to s-Cort, there was no significant difference between MD − 1 and 60-min
before kick-off. This result suggests that the expected anticipatory stress response to match
participation [42] did not occur. This finding might be associated with the high-level of the
examined players and with their habitual lead-in process to cope with the pressure and
anxiety involved in the period preceding the start of official matches. In this sense, van
Paridon et al. [42] reported in their systematic review that the anticipatory stress response
and cortisol reactivity, in both male and female athletes competing at international level,
do not present a significant anticipatory cortisol response. Moreover, in earlier research,
Alix-Sy et al. [43] despite showing a significant increase in s-Cort concentration at pre-
match compared to a non-training day in professional French soccer players, reported a
significant positive association between unpleasant somatic emotions and cortisol. Indeed,
Alix-Sy et al. [43] also demonstrated no differences in s-Cort between starters and non-
starters, as observed in the current study. Furthermore, it should be highlighted that in
their study, the authors compared a non-training day with official matches, while in the
present study, saliva collection occurred during habitual training sessions performed one
day before matches. This difference may influence, at least in part, the present result of no
change in s-Cort.

Considering these findings, we might suggest that the players evaluated in the present
study did not show a s-Cort rise from MD − 1 to 60-min before kick-off possibly due to
their positive evaluation of the potential match challenges, which in turn may be related
to their perception of relative situational control and the non-decisive nature of regular
season matches. Considering the results of the present study it may be suggested that due
to the nature of the evaluated matches and the level of the assessed players, the s-Cort
anticipatory responses (MD − 1 vs. 60-min before kick-off) indicated an optimal cognitive
and behavioural player state to participate in the matches.

As expected, a significant increase in s-Cort from 60-min before kick-off to 30-min
post-match was observed, while at 48-h post-match, s-Cort showed a decrease though still
slightly higher than 60-min before kick-off, and no differences were observed between
starters and non-starters. The increases in s-Cort reinforces that official soccer match-play
induce significant psychophysiological stress likely related to physical demands associated
with the volume and intensity of match-play, leading to increased secretion of s-Cort, as also
reported in A-League [16] and intercollegiate soccer players [44]. It is important to highlight
that the psychological factors involved in official match-play may play a role in this result.
These results in conjunction allow us to infer that besides the well-known effect of increased
s-Cort related to exercise stress, which represents per se a potent physiological stressor [45],
the pressure of official match-play may be considered as an additional stress factor, possibly
due to its social-evaluative task characteristics combined with other contextual factors
inherent to sports competition as proposed by Arruda et al. [46].

Indeed, as demonstrated more recently by Rowell et al. [16], a substantial individual
variability in s-Cort response to soccer match-play may be expected, including the responses
within 48-h post-match. Furthermore, the psycho-physiological relationships and the
impact of situational factors have been reported to influence cortisol responses to match-
play in soccer players [47]. Thus, the present results add to the literature and suggest that
contextual factors other than being a starter or non-starter may influence the variability in
players s-Cort responses. The uniqueness of the present study allowed us to examine the
effect of match-load measures on s-Cort time-course responses. A novel and interesting
finding of the present study was that the greater high-intensity distance, sprint distance,
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number of high-intensity and maximal accelerations performed, the smaller the s-Cort
differences between 48-h post-match and 60-min before kick-off. This result suggests that
performing a greater number of high-intensity actions during the match would increase
the associated stress, that in turn may hinder s-Cort recovery to resting values. Moreover,
the present results suggest that high-intensity distance, sprint distance, number of high-
intensity and maximal accelerations may be employed as reliable markers of individual
external match-load inducing stress, and possibly predict catabolic state induced by match-
play, rather than dividing players into starters and non-starters groups. In addition, the
findings highlight the need to monitor in conjunction with the individual external match-
load and the s-Cort response of players to account for individual variability in recovery
from match-play. The results also suggest that examining s-Cort responses from pre-match
to 30-min post-match might not aid in observing true changes in s-Cort during the recovery
time-course.

Despite the interesting findings of the current study, some limitations should be
acknowledged. Firstly, our study only focused on one elite European professional soccer
team across a 6-week period, and as a result, the findings and practical implications must
be considered with caution when applying to another set of players from a league with
different characteristics such as match demands, travel [48], climate [49], and over an
extended period of time during a different phase of the season (early-, mid-, late-season,
congested Christmas schedule). Furthermore, the sample size was also a limitation due
to this study being conducted in the real-world, conducted with players from an elite
soccer club. Our sample was selected as a convenience sample by recruiting all available
outfield players from the first team of the club involved. Nevertheless, similar sample
sizes have been used in previous studies conducted in elite soccer players in this research
field. Secondly, match outcome was not considered, which has the potential to affect
immunological and hormonal recovery profiles. Future investigations are warranted to
evaluate these factors as they may be particularly relevant in different leagues across
varying athletic populations during the season. Other limitations include the absence of
training load, fatigue, and fitness profiling data [50].

Practical Implications

The present findings may provide practitioners with detailed knowledge about acute
and chronic variations in physical match performance and the subsequent recovery re-
sponses, that can be practically useful to assess and interpret change in individual and
team performance. Previously, a number of practical recommendations to monitor immune
function in athletes have been documented [7,9,10,16,51]. Match-play with higher physical
outputs did not necessarily produce disturbances to mucosal immunity and hormonal bal-
ance. Therefore, accordingly, designing a structured, planned and individualized tailored
recovery strategy and potential for squad rotation should be considered during demanding
stages of the season to ensure immunological and hormonal recovery. Previous results
highlighted that this might be particularly important during congested fixture schedules
(Christmas fixture period) [7] and toward the end of the season [10]. Our findings sup-
port the use of s-IgA and s-Cort monitoring in professional soccer players and devising
individual thresholds to determine values associated with inadequate recovery.

5. Conclusions

As a result of this specific investigation, the data demonstrate for the first time that the
use of salivary monitoring in combination with physical match load may be a useful tool to
monitor individual mucosal immunity and hormonal responses to elite soccer match-play
and the subsequent recovery periods. However, surprisingly no significant differences
were observed between starters and non-starters at any time point, thus additional re-
search is required. Finally, analysis of specific time points during recovery also warrants
further investigation.
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Abstract: This study aimed to compare the physiological demand between three vs. three small-sided
games (SSGs) with (3vs.3WITH) and without (3vs.3WITHOUT) the offside rule, as well as the within-
and between-session reliability of this demand. Twenty-four U-17 soccer athletes performed various
three vs. three (plus goalkeepers) SSGs with and without the offside rule. The data collection was
performed within an eight-week period. Athletes’ heart rate was monitored during the SSG. The
variables analyzed were the percentage mean heart rate (HRMEAN%) and the percentage peak heart
rate (HRPEAK%). For the analysis of within-session reliability, the mean value of the first two and last
two SSG bouts performed within one day were used. The between-session reliability was calculated
using the mean value of the four SSG bouts of each SSG type performed on two different days. In
both SSGs, the values for reliability were significant and were classified as moderate to excellent.
There were no significant differences in the physiological demand among SSG types. We concluded
that the offside rule does not influence the physiological demand in a three vs. three SSG and the
HRMEAN% and HRPEAK% present moderate to excellent reliability in a three vs. three SSG with and
without the offside rule.

Keywords: small-sided games; task constraints; physiological demand; young soccer player; peak
heart rate; offside rule; reliability

1. Introduction

In recent years, the physical conditioning of soccer players has developed according
to an integrated approach involving tactical and technical aspects of the game [1,2]. In
this context, small-sided games (SSGs) provide high-intensity activity, including both
tactical and technical demands, and optimize the available training time [3]. Knowledge
of the effect of changing SSG characteristics (e.g., the number of players per team, the
pitch size, and the rules) helps strength and conditioning coaches to adequately prescribe
an SSG during the training process [4]. Although there are many studies on the effect
of changing the pitch size and the number of players in a team [5–7], there has been
less research on how rule changes in SSGs affect the players’ physical and physiological
responses [8–11]. One task constraint that can induce changes in players’ available space
is the offside rule, as it might reduce the effective playing area when the defending team
moves towards the opponent’s goal. To the best of our knowledge, the influence of the
offside rule on the physiological demands of SSGs has not been investigated. Considering
the importance of this rule on the game dynamics and the possibility of implementing it
during game-based tasks such as an SSG, it is essential to understand its impact on athletes’
physiological responses.

The players’ movements and displacements during official matches are determined
by the effective playing area, which is influenced by the offside rule. This constraint causes
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the playing area to be dynamic, restricting or allowing players to move across the field
length according to the position of teammates and opponents [12]. Hence, the relative
area (i.e., area per player) also constantly changes during the game [13]. Previous studies
have suggested reducing the relative area by decreasing the absolute pitch size (area in
m2) while maintaining the number of players [14], or keeping the absolute pitch size and
increasing the number of players [15]. A smaller relative area generally decreases players’
physical [9,16] and physiological [4] responses, because it constrains players’ displacements.
Therefore, another possibility to modulate the relative area in SSGs is the inclusion of the
offside rule, because it can reduce the effective space in which players can move. However,
some studies on soccer SSGs have included the offside rule [17,18], while others have
not [19,20]. Castillo et al. [9] compared the physical demands of a soccer SSG with and
without the offside rule and found a greater total distance and a larger distance covered
between 13 and 16 km/h on the pitch without the offside rule. Therefore, it might be
expected that non-offside SSGs lead to greater physiological responses from the players.
Nonetheless, the influence of this rule on the relative area and consequently on the physical
and physiological demands of soccer SSGs requires deeper investigation. Moreover, this
knowledge may add a new interpretation to previous studies on SSGs that have or have not
implemented the offside rule. Understanding the impact of this rule on athletes’ responses
can help the coaches to better use game-based activities during training.

Another critical issue regarding the use of SSGs is their reliability as a means of
training. This analysis is crucial to test whether specific demands can be achieved when an
SSG format is repeatedly applied during the training process. Weir [21] suggested using the
intraclass correlation coefficient (ICC) and the standard error of the measurement (SEM) to
analyze the reliability. The ICC provides information on the variability between individuals
and the consistency of this variability in repeated test measures [21], while the SEM reflects
the degree of fluctuation of the individual’s scores in a test or condition, representing
the expected natural variability (the random error) for that score [21]. Some studies have
investigated the reliability of the physiological responses during different soccer SSGs
and presented within- [20] and between-session designs [22]. Many of these studies
showed high reliability for physiological demands [22–28]. A recent systematic review
indicated that internal loads—average heart rate (%HRavg), peak heart rate (%HRpeak),
and maximum heart rate (%HRmax)—showed small within-session variations (~0.5–6% of
change between the lowest and the highest sets/repetitions), irrespective to the SSG format.
Therefore, it is possible to expect high reliability of internal load measures in both with and
without offside SSGs in the current study [29].

Considering these issues, this study aimed to (i) compare the physiological demands
of a three vs. three SSG with and without the offside rule and (ii) to verify the within- and
between-session reliability in these two SSGs.

2. Materials and Methods
2.1. Participants

Twenty-four U-17 male soccer athletes (age: 16.7 ± 0.6 years; body mass: 64.8 ± 6.7 kg;
height: 176.5 ± 6.5 cm; body fat: 9.7 ± 1.6%; and estimated VO2MAX: 52.1 ± 2.5 mL·kg−1·min−1)
from an elite club participated in this study. This club was considered elite as players
compete at the national level regularly. The club achieved first position in the national U-18
competition in the same year the data collection was performed. The athletes competed at
a national level and had seven training sessions per week. Data from two athletes were
excluded from the analyses due to technical problems, which reduced the final sample
to twenty-two players. Players were included if they volunteered to participate in the
study and were not injured or returning from injury. On the other hand, the exclusion
criteria comprised being injured, not participating in the whole data collection, or refusing
to provide written consent to participate in the study. Goalkeepers participated in the
data collection but were not evaluated. The participants and their legal guardians were
informed about all the research procedures and provided written consent for participating
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in the study. The local Ethics Committee from the Universidade Federal de Minas Gerais
(70103017.0.0000.5149) approved the study, and all the guidelines from the Declaration of
Helsinki were followed.

2.2. Teams’ Composition for the SSG

The 24 athletes were randomly allocated into eight teams of three players (A to H).
Each team had a defender, a midfielder, and a forward to allow teams to explore the
physical, technical, and tactical specificities of each playing position during the different
SSGs [30,31]. The eight teams were divided into two groups. Group 1 was composed of
teams A to D, and Group 2 was composed of teams E to H. Each team within the group
played against the same opponent during the entire study (e.g., Team A always played
against Team B) to reduce the possible variability related to differences in the opposing
teams during the SSGs [32]. The procedures for the composition of the teams and groups
are described in Figure 1.
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2.3. Data Collection

Athletes performed several 3 vs. 3 SSGs (where goalkeepers were included but not
evaluated) with (3vs.3WITH) and without (3vs.3WITHOUT) the offside rule. Both of the SSGs
were played in the 3 vs. 3 format, on a 36 × 27 m pitch of natural grass, with goals
measuring 6 × 2 m (see Figure 2). In the 3vs.3WITH game, two referees were positioned
on the sides of the pitch to observe the game and apply the offside rule when necessary.
The defending team received a free kick when an offside situation was detected. In the
3vs.3WITHOUT game, the offside rule was not applied, so players could play freely. Each
session comprised four SSG bouts, which lasted for four minutes, with five minutes of
passive rest. Additional balls were placed around the pitch to ensure a fast game restart
when the ball went off the pitch. Coaches and researchers did not give the players verbal
encouragement or technical instructions.
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The SSGs were performed on Tuesdays and Wednesdays for eight consecutive weeks
at the end of the competitive season. We chose the same weekdays to minimize the
influence of the distribution of training loads on athletes’ physical responses. Group 1
performed the SSGs during the first four weeks (one SSG format each day), while Group 2
performed the SSGs in the last four weeks. This was to avoid a long break between SSG
sessions for each team, which could lead to changes in physical fitness, and to minimize
the disruption to the athletes’ training routines. Therefore, each SSG format was performed
twice, with an interval of six to eight days between trials for each SSG format, according to
the club availability.

To standardize the influence of circadian rhythm on the observed responses, all ses-
sions were performed at the same time (between 8 a.m. and 10:30 a.m.). The mean
(the standard deviation) temperature and relative humidity of all sessions were 31.1 ◦C
(± 2.6 ◦C) and 28.1% (± 4.8%), respectively, recorded by a portable digital thermometer
(Big Digit Hygro-Thermometer, Extech Instruments, Massachusetts, EUA).

To control for the possible effect of changes in physical conditioning on the reliability
analysis, athletes performed the Yoyo Intermittent Recovery Test Level 1 (Yo-YoIR1) [31]
and a 20 m sprint test one week before and two weeks after the data collection.

In detail, the protocol used for the 20 m sprint test consisted of taking four attempts
at the 20 m test, and time recording the distance covered. An interval of three minutes of
passive recovery between attempts was established. It is noteworthy that the distance of
20 m was chosen for the measurement of running speed due to evidence that, in official
games, sprint running distances longer than 20 m are infrequent [33].

The Yo-YoIR1, on the other hand, is an intermittent, progressive aerobic capacity test,
in which athletes perform a series of round-trip runs on a 20 m course [31]. So after each

60



Int. J. Environ. Res. Public Health 2022, 19, 10544

round trip, there is an interval of 10 seconds of active rest in which the athlete trots or
walks a course of 10 m, covering 5 m going and 5 m returning. The running speed is
determined by sound signals, starting at 10 km/h and increasing progressively throughout
the test. In the present study, when the athlete was unable to maintain the rhythm (the
speed) determined by the sound signals for two consecutive series, the test was closed, and
the total distance covered was recorded. The peak heart rate achieved during Yo-YoIR1
was considered as the athletes’ maximum heart rate and was used to relativize heart rate
values as a percentage of the maximum.

2.4. Physiological Demand

The heart rate (HR) of the players during the SSGs was recorded using a 1 Hz heart
rate monitor (Polar T31 Electro Oy®, Kempele, Finland). The reliability of this device
has been previously tested in the literature. Physiological demands were characterized
by the percentage of mean heart rate (HRMEAN%) and the percentage of peak heart rate
(HRPEAK%). The HRMEAN% was calculated as the mean of all the values recorded by HR
monitors during the SSG bouts (HR values of the rest intervals were excluded). The
HRPEAK% was considered to be the highest value recorded during the SSG bouts. All HR
values were relativized by the peak HR presented by each athlete in the Yo-YoIR1.

2.5. Statistical Analyses

The data did not present significant deviations from normality (using Shapiro–Wilk’s
test) or homoscedasticity (using Levene’s test). An independent t-test was used to com-
pare means between the 3vs.3WITH and 3vs.3WITHOUT games. Cohen’s d effect size was
calculated to characterize the magnitude of the significant differences in paired compar-
isons and was classified as insignificant (<0.19), small (0.20–0.49), medium (0.50–0.79), or
large (≥0.80) [32].

For the within-session reliability of the HRMEAN% and HRPEAK% for the 3vs.3WITH and
3vs.3WITHOUT games, athletes’ mean values of the first two and the last two SSG bouts in
each session (day 1 and day 2) were used. To determine the between-session reliability,
athletes’ mean values of the four SSG bouts performed in each session were used. For both
within- and between-session reliability, the intraclass correlation coefficient 2,k (ICC2,k)
and the standard error of the measurement (SEM) were used [21]. The ICC2,k values were
classified as weak (<0.4), moderate (0.40–0.59), good (0.60–0.74), or excellent (0.75–1.00) [34].

A two-way analysis of variance (groups × moments) was used to compare the data on
aerobic power (from the Yo-YoIR1) and sprint performance (from the 20 m sprint) among
the two groups and moments (from the pre- and post-data collection).

The level of statistical significance was set at 5% (α = 0.05). All analyses were per-
formed using SPSS version 23.0 (Chicago, IL, USA).

3. Results

Table 1 shows the descriptive data (the means and standard deviations) of HRMEAN%
and HRPEAK% in the investigated SSGs. There were no significant differences between the
SSGs with and without the offside rule (giving a small effect size).

Table 1. Means (standard deviations) of the variables related to the physiological demand of SSGs
with and without the offside rule.

3vs.3WITH 3vs.3WITHOUT

Mean (SD) Mean (SD) p-Value ES Interpretation

HRPEAK% 94.8 (2.1) 94.4 (2.1) 0.14 0.33 Small
HRMEAN% 87.4 (2.9) 87.1 (2.3) 0.46 0.16 Insignificant

Legend: 3vs.3WITH = small-sided games with the offside rule; 3vs.3WITHOUT = small-sided games without the
offside rule; FCPEAK% = percentage peak heart rate; FCMEAN% = percentage mean heart rate.
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Table 2 shows the within-session (bouts within days 1 and 2) intraclass correlation
coefficient values (95% CI), the ICC classification, and the SEM values for the variables
related to the physiological demand of SSGs with and without the offside rule. The ICC
values were classified as “good” or “excellent” (values above 0.60), except for the HRMEAN%,
which was classified as “moderate” on day 2.

Table 2. Within-session intraclass correlation coefficients (95% CI), ICC classification, and SEM for
the variables related to the physiological demand of SSGs with and without the offside rule.

HRPEAK% HRMEAN% HRPEAK% HRMEAN%

3vs.3WITH—DAY 1 3vs.3WITH—DAY 2

ICC (95% CI) 0.76 *
(0.36–0.91)

0.85 *
(0.44–0.95)

0.75 *
(0.12–0.91)

0.73 *
(0.32–0.89)

ICC Classification Excellent Excellent Excellent Good

SEM (%) 1.3 1.7 1.4 2.1

3vs.3WITHOUT—DAY 1 3vs.3WITHOUT—DAY 2

ICC (95% CI) 0.61 *
(−0.23–0.87)

0.62 *
(−0.21–0.87)

0.73 *
(−0.20–0.93)

0.58 *
(−0.21–0.87)

ICC Classification Good Good Good Moderate

SEM (%) 1.3 1.7 1.0 1.3
3vs.3WITH = small-sided games with the offside rule; 3vs.3WITHOUT = small-sided games without the offside
rule; FCPEAK% = percentage peak heart rate; FCMEAN% = percentage mean heart rate; CI = confidence interval;
SEM = standard error of the measurement. * indicates statistical significance (p < 0.05).

Table 3 shows the between-session (between days 1 and 2) intraclass correlation
coefficient values (95% CI), the ICC classification, and the SEM values for the variables
related to the physiological demand of SSGs with and without the offside rule. The ICC
values were classified as “good” or “excellent” (values above 0.60), except for the HRMEAN%
in the 3vs.3WITH game, which was classified as “moderate”.

Table 3. Between-session intraclass correlation coefficients (95% CI), ICC classification, and SEM for
the variables related to the physiological demand of SSGs with and without the offside rule.

3vs.3WITH 3vs.3WITHOUT
HRPEAK% HRMEAN% HRPEAK% HRMEAN%

ICC
(95% CI)

0.62 *
(0.09–0.85)

0.56 *
(−0.04–0.82)

0.77 *
(0.42–0.91)

0.69 *
(0.25–0.88)

ICC Classification Good Moderate Excellent Good

SEM (%) 1.8 2.6 1.4 1.8
3vs.3WITH = small-sided games with the offside rule; 3vs.3WITHOUT = small-sided games without the offside
rule; FCPEAK% = percentage peak heart rate; FCMEAN% = percentage mean heart rate; CI = confidence interval;
SEM = standard error of the measurement. * indicates statistical significance (p < 0.05).

The two way analysis of variance of the control variables (aerobic power—pre-test:
1850.9 ± 288.7 m; post-test: 1950.0 ± 277.6 m and 20 m sprint performance—pre-test:
22.7 ± 0.6 km/h; post-test: 23.3 ± 0.6 km/h) showed no significant interaction (aerobic
power—F = 0.68; p = 0.41; 20-m sprint performance—F = 0.985; p = 0.325) or main ef-
fects (aerobic power—F = 3.47; p = 0.07; 20 m sprint performance—F = 0.352; p = 0.556).
These data show the lack of differences in physical conditioning during the period of
the data collection, mitigating the possible effect of variability on the between-session
reliability analysis.
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4. Discussion

This study aimed to investigate the effect of the offside rule on the physiological
demands of three vs. three soccer SSGs in U-17s and the reliability of the physiological
demands in three vs. three SSGs with and without the offside rule. The results show that
the physiological demands, characterized by the HRPEAK% and HRMEAN%, did not differ
among the SSGs with and without the offside rule, and thus, our hypothesis was rejected.
Furthermore, the within and between-session reliability of physiological demands con-
firmed our hypothesis, with moderate to excellent ICC values for all variables, regardless
of the rules of the SSGs.

We expected that the offside rule would decrease the physiological demands of the
SSGs because of the reduction in the effective playing area. This hypothesis was based on
previous results that showed a decrease in the physiological demands when the absolute
playing area was decreased for the same number of players or when the number of players
was increased within the same playing area [16]. These changes result in smaller relative
areas (i.e., area per player), restricting the available space for players to move around and,
consequently, reducing the intensity of the game (i.e., lower physiological demands) [14,35].
A previous systematic review included studies with similar playing areas and showed
that reducing the relative area per player tends to reduce physical and physiological
responses [16]. However, the results of the present study do not corroborate this hypothesis.
A possible explanation for these divergent results may be related to the magnitude of the
change in the effective playing area in the three vs. three SSG with the offside rule. Previous
studies have shown that small changes in the relative area may not be sufficient to influence
players’ physical [9] and physiological [4] responses. Specifically, the reduction in the
effective playing area depends on the defending team moving up the pitch to constrain the
available space for the offensive team. Therefore, the number of times the players adopted
this behavior might have been smaller than what was required to induce different responses
when considering the whole bout. Moreover, although the heart rate has been widely used
in studies on SSGs [36] and is considered a valid variable to measure SSG intensity [37],
it may not be sensitive enough to detect differences in the frequency of specific actions
(i.e., jumps, duels, accelerations, decelerations, sprints, and changes of direction) during
the game, which could, in turn, also reflect game intensity [38]. Considering this issue,
future studies should collect information through other variables, such as accelerations,
decelerations, mean speed, and distances covered in different speed zones, to increase the
understanding of exercise intensity during game-based activities, such as SSGs [39].

The HRPEAK% and HRMEAN% values found in both SSGs investigated in this study are
similar to those reported in previous studies on the three vs. three SSG format performed
by soccer players of a similar age (Sub-17) [40–42]. Furthermore, studies on SSG training
(training periods above four weeks) indicate the necessity for HRmean values to be above
80% of HRmax to improve aerobic performance [43–46]. Therefore, the results of the
present study reinforce the potential use of different SSGs for the improvement of aerobic
performance in soccer athletes, including the offside rule.

The investigation of SSG reliability is essential to support using SSGs during training.
In addition, with the knowledge of the demands imposed on athletes by different SSGs,
strength and conditioning coaches can examine if those demands are reproducible when the
same SSG is performed at different moments. In the present study, high ICC (>0.60) and low
SEM (<1.7) values were found in the within-session reliability analysis of HRMEAN. These
data corroborate the results of previous studies on the reliability of heart rate variables
collected during SSGs, despite the differences in the SSG formats. Hill-Haas et al. [24]
compared different SSG formats (two vs. two, four vs. four, and six vs. six) and found
percentage values of SEM (SEM%) of 1.9 and 4.4% for the HRPEAK% and 1.1 and 3.6% for the
HRMEAN%. Another study also reported small SEM percentage values for the HRMEAN%
(5.4%) and HRPEAK% (3.0%) in a three vs. three SSG with similar characteristics [22].
Finally, Stevens et al. [28] found good reliability values for the HRMEAN% during a six
vs. six SSG (ICC = 0.61 and SEM% = 2.2%). On the other hand, the results of the present
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study on between-session reliability suggest good reproducibility of the HRPEAK% and
HRMEAN%, despite an interval of one week between the sessions (ICC = 0.56), with a low
variability among these measures (SEM < 2.6%). These results are similar to previous
research that indicated good reproducibility for the physiological demands represented
by heart rate variables in different SSGs. Da Silva et al. [23] and Rampinini et al. [27]
investigated the reliability of the HRMEAN% in SSGs with different numbers of players
and pitch sizes and found that values of SEM percentage ranged from 2.2 and 3.4%, and
the percentage of typical error (TE%) values (similar to SEM) ranged from 2.0% and 5.4%,
respectively. Additionally, Hill-Haas et al. [25] found low variability for the HRMEAN%,
with TE% values ranging from 2 and 4% in a four vs. four SSG. This result is similar to that
found by Hulka et al. [47], which showed high ICC (0.88) and low SEM% (2.35%) values
in a four vs. four SSG. Additionally, both with and without the offside rule, SSGs showed
similar classifications regarding the reliability measures. However, when looking at both
within- and between-session reliability, the SSG without the offside rule showed lower ICC
values than the SSG with it. It has been proposed in the literature that a higher movement
variability can be detected in lesser-known game formats [48–50]. It can be argued that U-17
soccer players usually engage in more specific tasks than those that are general game-based
tasks—therefore, the game with the offside rule seems to be more representative of the
requirements of the official match. Consequently, the reduction in the reliability might
indicate a more variable displacement behavior in the SSGwithout condition due to the
players’ need to readapt to the new constraints.

This study investigated U-17 athletes, which hinders the generalization of the results
to other age categories. Future studies should be carried out with athletes of different ages
to provide more precise information on the physiological demands of the three vs. three
SSGs investigated in this study. Moreover, this study did not monitor athletes’ recovery
levels during the data collection, which could have added a deeper understanding of
athletes’ conditions while recording the variables. In this case, further research should
investigate athletes’ recovery behavior over SSG bouts and between training sessions to
provide information that better supports the use of SSGs for the physical conditioning of
soccer players.

5. Conclusions

Using the offside rule in a three vs. three SSG did not influence the physiological
responses of young soccer athletes. The within- and between-session reliability values
of the physiological variables in both SSGs with and without the offside rule were high,
supporting the reproducibility of the physiological demands of SSGs despite their natural
unpredictability and variability. The absence of difference between the protocols indicates
that coaches might choose between the two SSG formats based on other goals—for example,
tactical missions related to enlarging the surface area—instead of considering the impact
the offside rule will have on players’ physiological responses.
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Abstract: The aim of this observational study was to examine the differences between training
variables as intended by coaches and perceived by junior speed skaters and to explore how these
relate to changes in stress and recovery. During a 4-week preparatory period, intended and perceived
training intensity (RPE) and duration (min) were monitored for 2 coaches and their 23 speed skaters,
respectively. The training load was calculated by multiplying RPE by duration. Changes in perceived
stress and recovery were measured using RESTQ-sport questionnaires before and after 4 weeks.
Results included 438 intended training sessions and 378 executed sessions of 14 speed skaters. A
moderately higher intended (52:37 h) versus perceived duration (45:16 h) was found, as skaters
performed fewer training sessions than anticipated (four sessions). Perceived training load was lower
than intended for speed skating sessions (−532 ± 545 AU) and strength sessions (−1276 ± 530 AU)
due to lower RPE scores for skating (−0.6 ± 0.7) or shorter and fewer training sessions for strength
(−04:13 ± 02:06 hh:mm). All training and RESTQ-sport parameters showed large inter-individual
variations. Differences between intended–perceived training variables showed large positive corre-
lations with changes in RESTQ-sport, i.e., for the subscale’s success (r = 0.568), physical recovery
(r = 0.575), self-regulation (r = 0.598), and personal accomplishment (r = 0.589). To conclude, speed
skaters that approach or exceed the coach’s intended training variables demonstrated an increased
perception of success, physical recovery, self-regulation, and personal accomplishment.

Keywords: training load; adolescent athletes; perceived stress and recovery; monitoring; coaching

1. Introduction

Speed skating is a competitive sport in which a multidisciplinary training program
is required for the athletes to perform well at the elite level. Training programs for speed
skaters include aerobic-, anaerobic-, and strength training on ice, on the bike, and in the
gym [1]. This emphasizes the need for speed skating coaches to find a good balance in their
training programs so that the training volume and intensity can be managed by the athletes.
The Dutch Speed Skating Association selects speed skaters from the age of 17 years and
provides them with a high-quality training program [2]. For many speed skaters, this is the
time during which they rapidly increase their training volume to be ready for the senior
level, which starts after the age of 19 years. The increasing training volume, in addition to
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the fact that junior athletes develop in many domains other than sport as well (e.g., school,
friendships, etc.), may make each individual vulnerable to non-functional overreaching,
overtraining [3], and overuse injuries [4]. On the other hand, too few training loads can lead
to non-optimal performance increases. Nearly thirty percent of young athletes experience
non-functional overreaching or overtraining at least once in their careers [5]. Therefore, it
is important to prescribe a tailored training load for individual athletes.

Coaches plan training sessions based on their point of view of training intensity
distribution, taking the frequency, intensity, and duration of sessions into account [6].
Usually, the intended training load (defined as the sum of all training sessions’ intensities
multiplied by the duration [7]) is prescribed as an external load such as speed, pace,
duration, or power. However, the internal training load response of the athlete determines
the outcome of the training [8]. The internal load (psychophysiological response) is in turn
dependent on the actual external load and personal circumstances of the athletes, such as
age [9], experience [10], and perceived stressors [11].

A reliable, valid, and also easy way to monitor internal training load is by logging
session Ratings of Perceived Exertion (sRPE) and duration for each training session [12].
This method has shown to be useful for a wide variety of training modalities, such as
endurance, interval, and strength training [13]. It can be used for both the prescribed
training sessions (intended load) by the coach and the perception of actual training sessions
(perceived load) by the athlete so that a comparison can be made [14].

Many studies have shown that there are differences between the intended training
load by the coach and the perceived training load by the athletes, using measurements of
sRPE and duration. In an attempt to specify the differences, the training sessions have been
divided into easy, moderate, and hard. On the RPE CR10 scale [12], easy, moderate, and
hard were classified as an RPE < 3, 3–5, and >5, respectively [14–17]. However, studies
using the 6 to 20 Borg scale [18] have defined two different classifications for easy, moderate,
and hard, i.e., RPE < 11, 11–14, and >14, respectively [19], and RPE < 13, 13–14, and >14,
respectively [20]. These differences in classifications lead to differences in interpretation
of the results, which makes it hard to compare different studies. In order to have a rough
overview of previous studies, a short summary of the results in cyclic sports is given.

Previous studies using the RPE CR10 scale showed no differences in intensity, dura-
tion, and training load on average [14–17]. However, the training load of easy sessions was
perceived as higher by the athletes. Intended moderate sessions did not show any differ-
ences between coach and athlete, except for male cross-country runners who perceive it as
harder [17]. Moreover, the training load of intended hard sessions was perceived as lower
by runners [14], swimmers [16], and female cross-country runners [17]. For cyclists [15]
and male cross-country runners [17], there were no differences for intended hard sessions.
Using the Borg scale, it was shown that semi-professional cyclists perceived both intended
easy sessions and hard sessions as easier [19].

Overall, it seems that there is quite some variation between the perception of sessions
that are meant to be easy, moderate, and hard, while the total training duration and training
load are mainly similar. One reason for the variation may be that both adolescent and
adult athletes were included in the studies. It has been shown that, during adolescence,
the correlation between RPE and heart rate [9], and between the coach’s and athlete’s RPE,
increases with age [10]. This suggests that as adolescent athletes reach adulthood, they
may vary less in their appraisal of exertion. Furthermore, there seems to be a difference in
several sports modalities such as running, cycling, and swimming. Given that the division
of the scales can have a great influence on the results, it is important to visualize the entire
width of the scale that has been used to gain more detailed information.

Kenttä and Hassmén’s (1998) conceptual model shows that the accumulation of phys-
ical and psycho-social stress and/or a shortage of recovery may lead to maladaptations
such as decreased performance and an increased injury risk [21]. A consensus statement
reads that the outcome of training stimuli is, among other factors, influenced by burdening
psycho-social factors [3]. In addition, a recent review described that increased perception
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of stress is one of the main indicators of functional overreaching [11]. Therefore, regu-
lar measurement of perceived stress and recovery can be useful for athletes to prevent
maladaptation to training.

Intended training load by the coach and perceived training load by junior speed
skaters, and what that means for perceived stress and recovery, have not been investigated.
Therefore, the goal of this study is two-fold: (1) to examine the (mis)match between the
intended training intensity, duration, and load by the coach and the perceived training
intensity, duration, and load by junior speed skaters over the entire range of intensities and
for the different modalities of training (skating, cycling, strength training, and other); and
(2) to explore how the (mis)match in training variables relates to changes in the perception
of stress and recovery by the speed skaters in a four-week preparatory period.

2. Materials and Methods
2.1. Subjects

In this study, the whole regional talent team including 23 junior speed skaters (14 males,
9 females; age, 18 ± 1 y (range: 16–19 y; body mass, 68 ± 7 kg; height, 178 ± 8 cm) and
their two coaches participated. The speed skaters were part of one training group divided
over two coaches. They all performed at a national and international level with an average
personal best 1500 m time 12% above the WR. In speed skating, this equals the sub-elite
level [22]. All speed skaters and coaches were informed about the procedures of the study
and signed a written informed consent form. This study was approved by the ethics
committee of the Department of Human Movement Sciences, University of Groningen, and
was in accordance with the Declaration of Helsinki.

2.2. Design

In this observational study, the group of 23 junior speed skaters was monitored
over a four-week period. The four weeks were during the general preparation period
(June–August 2021), in which the speed skaters executed different training modalities, i.e.,
speed skating, cycling, strength training, and other training modalities (such as plyometric
training and roller skating). For every training session, the intended training as planned
by the coach for each individual athlete and the actual training as perceived by the athlete
were monitored. All training modalities were included in this study.

2.3. Training Load

During the four weeks, the coaches provided each individual speed skater with a
weekly training schedule, which was shared in advance. The schedule included the number
of sessions, training modality, a description of the type of training, intensity, the duration
of specific parts of the training, and the total intended duration. To define the intended
training intensity for each training session, the coaches also filled in the intended Rating
of Perceived Exertion (RPE) for each session in a separate spreadsheet. The intended
RPE was not shared with the speed skaters. To determine the perceived training load
by the speed skaters, the Smartabase athlete management platform was used (version
6.11.6). In this platform, speed skaters filled in the realized training modality, the duration,
and the perceived RPE for each training session. The athletes were instructed to do this
approximately 30 min after each training session [12]. For the RPE, a modified Borg CR10
scale from 0 (rest) to 10 (maximum) was used [12]. Before the four-week period, all speed
skaters and coaches were familiarized with the modified Borg CR10 scale. Intended and
perceived training load were calculated using the following formulas [12]:

Coach’s intended training load (AU) = intended RPE × intended duration.

Athlete’s perceived training load (AU) = RPE × duration.
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2.4. Recovery and Stress

Before and after the four weeks of training, RESTQ-sport questionnaires were admin-
istered to all speed skaters to define perceptions and sources of recovery and stress [23].
In addition, four weeks prior to the start of the study, a RESTQ-sport was administered
to familiarize the speed skaters with the questionnaire. Detailed information about the
RESTQ-sport can be found in Kellmann and Kallus [23]. In this study, the Dutch version of
the RESTQ-sport was used, which has shown sufficient reliability and validity [24]. The
RESTQ-sport was filled out within three days before the start and the end of the four-week
monitoring period using the Smartabase athlete management platform (version 6.11.6).

2.5. Inclusion Criteria

Two criteria were used to determine if a speed skater could be included in the analyses.
First, the speed skaters needed to complete both RESTQ-sport questionnaires. Secondly, to
correct for not filling in the training data, speed skaters had to execute and fill in at least
60% of the intended training load to be included in the analysis. If there was reasonable
doubt by one of the researchers in consultation with the coach whether a training log was
filled in correctly, all data of that training session were excluded.

2.6. Statistical Analyses

Means and standard deviations of the intended and perceived number of sessions,
training load, training load per session, RPE per session, duration, and duration per session
were calculated for the four-week monitoring period, compiling all training modalities and
for each training modality separately. For these variables, means and standard deviations
were also calculated for the different scores of perceived minus intended training variables,
which is the difference between coach and athlete. Furthermore, means of the RPE dis-
tribution over the four-week period were calculated for intended sessions by the coach
and perceived sessions by the speed skaters. To determine differences between intended
and perceived training variables, Mann–Whitney U tests were performed for all variables
mentioned above. For the different training modalities, percentages of performed training
durations were also calculated.

To show differences in the pre- and post-RESTQ-sport scores, means were calculated
for the group of speed skaters. To test differences in the pre- and post-RESTQ-sport scores,
a Wilcoxon signed-rank test was performed for the aggregated scores of general stress,
general recovery, sport-specific stress, sport-specific recovery, total stress, total recovery,
and for the recovery–stress balance. For these variables, a difference score between the pre-
and post-RESTQ-sport scores was also calculated.

To test if there was a relationship between perceived stress and recovery and dif-
ferences in training variables intended by the coach and perceived by the speed skaters,
correlations between a difference score of the RESTQ-sport measurements and a differ-
ence score of training load, RPE per session, and duration per session were calculated.
The difference score of the RESTQ-sport was defined as the post-measurement minus
the pre-measurement. This was calculated for all variables and for the aggregated vari-
ables (i.e., general stress, general recovery, sport-specific stress, sport-specific recovery,
and recovery–stress). The difference scores for training characteristics were defined as
the perceived value minus the intended value. Before calculating the correlations, the
scores were checked for normality. In the case of normality, Pearson correlations were
calculated. Otherwise, Spearman correlations were calculated. Descriptive statistics, t-tests,
and correlations were calculated using SPSS (version 27.0; SPSS, Inc., Chicago, IL, USA).
Statistical significance was set at p < 0.05. The magnitude of the difference between the
measures (effect size) was considered as <0.3 small, 0.3–0.5 moderate, and >0.5 large [25].
The magnitude of correlations are inferred as <0.1 trivial, 0.1–0.3 small, 0.3–0.5 moderate,
0.5–0.7 large, 0.7–0.9 very large, and 0.9–1.0 almost perfect [26].
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3. Results

Of the initial 23 speed skaters, 8 did not reach 60% compliance with the intended
training load, and 1 speed skater did not complete both RESTQ-sport questionnaires.
Consequently, nine speed skaters were excluded for analysis. In total, data from 438 and
378 training sessions were collected from both coaches and speed skaters over four weeks,
respectively. Of the remaining 14 speed skaters, 11 executed fewer training sessions than
intended (range: 1 to 15 sessions less) and 3 speed skaters executed more sessions than
intended (range: 1 to 6 sessions more). Table 1 shows an overview of the intended and
perceived training characteristics over the four-week monitoring period.

Table 1. Mean values of intended and perceived training variables (n = 14) along with the difference
between training variables (perceived minus intended) over four weeks, mean ± SD shown. Total
refers to summation over the entire 4-week period.

Intended Perceived (Mis)match
Perceived-Intended (Mis)match Range (Mis)match Effect

Size

Total
Sessions (number) 31 ± 4 27 ± 6 −4 ± 6 * −15–6 −0.41
Duration (h:min) 52:37 ± 08:41 45:16 ± 10:09 07:20 ± 09:09 * −23:05–07:17 −0.40

Load (AU) 13,686 ± 2534 11,609 ± 2898 −2076 ± 2615 −6330–3829 −0.31
Average per session

RPE 4.6 ± 0.4 4.3 ± 0.4 −0.2 ± 0.4 −0.9–0.6 −0.31
Duration (min) 101 ± 5 101 ± 15 0 ± 14 −10–44 −0.17

Load (AU) 435 ± 31 429 ± 57 −7 ± 49 −84–117 −0.01

Note: * p < 0.05. AU = Arbitrary Units.

Over the entire four weeks, the intended number of sessions was significantly higher
compared to the perceived number of sessions with a moderate effect size (U = 51.50,
z = −2.15, p = 0.031, r = −0.41), shown in Table 1. The intended training duration was also
higher compared to the perceived duration and showed a moderate effect size (U = 52.00,
z = −2.11, p = 0.035, r = −0.40). Other training variables did not differ over the four weeks,
p > 0.05.

To provide insight into the differences between and the contributions of the training
modalities, Table 2 shows an overview of the intended and perceived training characteristics
for the different training modalities. For speed skating, a higher intended versus perceived
total training load (U = 45.00; z = −2.44; p = 0.014; r = −0.46), RPE per session (U = 45.00;
z = −2.45; p = 0.014; r = −0.46), and load per session (U = 48.50; z = −2.28; p = 0.021;
r = −0.43) were found, showing moderate effect sizes. In addition, for strength training, a
higher intended number of sessions (U = 10.50; z = −4.12; p < 0.001; r = −0.78), training
load (U = 21.50; z = −3.53; p < 0.001; r = −0.67), training duration (U = 7.00, z = −4.26;
p < 0.001; r = −0.80), and duration per session (U = 52.00; z = −2.34; p = 0.035; r = −0.44)
were found compared to perceived variables along with moderate to large effect sizes.
Furthermore, other training modalities showed a moderately higher intended duration per
session (U = 44.50, z = −2.46, p = 0.014, r = −0.46) and a moderately higher load per session
(U = 53.50; z = −2.05, p = 0.039, r = −0.39). No differences were found between intended and
perceived training characteristics for cycling, p > 0.05. Of the total training duration over
four weeks, the athletes performed 12.6 ± 3.4%, 52.6 ± 16.4%, 12.6 ± 3.5%, and 22.2 ± 15.6%
of speed skating, cycling, strength training, and other training modalities, respectively.
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Table 2. Mean values of intended and perceived training variables for 14 speed skaters along with
the difference between training variables (perceived minus intended) for different training modalities
over four weeks, mean ± SD shown.

Intended Perceived (Mis)match
∆Perceived–Intended

(Mis)match
∆Range

(Mis)match
Effect Size

Speed skating
Total sessions (number) 5 ± 1 4 ± 1 −1 ± 1 −2–0 −0.28
Total duration (h:min) 06:44 05:41 −01:03 ± 01:20 −03:00–00:20 −0.27

Total load (AU) 2264 ± 550 1733 ± 597 −532 ± 545 * −1355–340 −0.46
RPE per session 5.7 ± 0.6 5.1 ± 0.5 −0.6 ± 0.7 * −1.8–0.6 −0.46

Duration per session (min) 79 ± 2 78 ± 5 −1 ± 5 −5–12 −0.15
Load per session (AU) 449 ± 56 396 ± 47 −53 ± 65 * −147–68 −0.43

Cycling
Total sessions (number) 14 ± 3 12 ± 4 −2 ± 4 −14–2 −0.21
Total duration (h:min) 27:14 23:34 −03:41 ± 09:39 −29:50–08:02 −0.23

Total load (AU) 6063 ± 1814 5776 ± 2428 −287 ± 2751 −7990–4514 −0.05
RPE per session 3.8 ± 0.6 3.8 ± 0.7 0.0 ± 0.7 −1.8–1.1 −0.02

Duration per session (min) 120 ± 9 120 ± 9 0.0 ± 12 −12–31 −0.14
Load per session (AU) 442 ± 62 475 ± 119 33 ± 128 −211–341 −0.21

Strength training
Total sessions (number) 7 ± 1 4 ± 2 −3 ± 2 * −6–−1 −0.78
Total duration (h:min) 10:01 05:48 −04:13 ± 02:06 * −09:15–−01:30 −0.80

Total load (AU) 2879 ± 593 1602 ± 704 −1276 ± 530 * −2160–−520 −0.67
RPE per session 4.7 ± 0.7 4.6 ± 0.9 −0.2 ± 0.9 −1.3–1.9 −0.09

Duration per session (min) 89 ± 3 82 ± 9 −6 ± 10 * −23–12 −0.44
Load per session (AU) 422 ± 57 380 ± 88 −42 ± 83 −146–77 −0.31

Other
Total sessions (number) 6 ± 2 7 ± 3 1 ± 3 −4–7 −0.24
Total duration (h:min) 08:38 10:14 −01:36 ± 08:00 −06:20–26:35 −0.06

Total load (AU) 2481 ± 658 2499 ± 1519 18 ± 1358 −1880–3350 −0.03
RPE per session 4.8 ± 0.3 4.1 ± 1.4 −0.7 ± 1.4 −5.0–0.7 −0.27

Duration per session (min) 89 ± 6 82 ± 46 −7 ± 48 * −95–134 −0.46
Load per session (AU) 426 ± 28 348 ± 160 −78 ± 168 * −470–206 −0.39

Note: * p < 0.05. AU = Arbitrary Units.

The RPE distribution over the entire four weeks for all training modalities is shown in
Figure 1. Significant differences between the number of intended and perceived sessions
on a certain RPE were found on RPE 4, (U = 46.00; z = −2.40; p = 0.016; r = −0.45), RPE
6, (U = 12.00; z = −4.01; p < 0.001; r = −0.76), and RPE 8 (U = 53.50; z = −2.11; p = 0.03;
r = −0.40), all with moderate to large effect sizes. In all cases, the intended number of
sessions for that RPE was higher compared to the perceived number of sessions (Figure 1).

Figure 2 shows the RESTQ-sport values before and after the four-week monitoring
period, and Table 3 shows the differences between the aggregated scores of both RESTQ-
sport measurements. Both measurements look comparable upon observation, with lower
scores on stress scales compared to higher scores on recovery scales (Figure 2). The only
slight variations between pre- and post-RESTQ-sport scores can be viewed for emotional
stress, sleep quality, and self-efficacy. This is confirmed by no differences between the
pre- and post-RESTQ-sport scores on the aggregated variables (i.e., general stress, general
recovery, sport-specific stress, sport-specific recovery, and recovery–stress; range difference:
−0.8–0.3; p > 0.05).
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Table 3 shows the correlations between individual changes in RESTQ-sport scores and
the difference between intended and perceived training variables. Significant correlations
were found between differences in total training load and personal accomplishment, between
RPE per session and success, and between duration per session, physical recovery, and
self-regulation, p < 0.05. All significant correlations were of a large magnitude (r > 0.56).
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Table 3. Pearson and Spearman correlations between change scores for the RESTQ-sport (post minus
pre) and differences between intended and perceived training variables (perceived minus intended)
of 14 speed skaters.

∆Perceived–Intended

Total Sessions Total Load RPE Per Session Duration Per Session a

∆ General stress a −0.030 −0.188 0.010 −0.063
∆ Emotional stress −0.367 −0.475 −0.205 0.056

∆ Social stress 0.049 0.014 −0.210 −0.112
∆ Conflicts/pressure 0.479 0.302 0.090 −0.353

∆ Fatigue −0.004 −0.200 −0.321 −0.148
∆ Lack of energy −0.010 −0.060 0.249 −0.259

∆ Physical complaints −0.247 −0.352 −0.476 0.332
∆ Success 0.309 0.245 0.568 * −0.118

∆ Social recovery 0.363 0.298 0.117 −0.126
∆ Physical recovery 0.173 0.525 0.389 0.575 *

∆ General well-being a 0.233 0.370 0.166 −0.009
∆ Sleep quality 0.038 −0.096 −0.050 −0.186

∆ Disturbed breaks a −0.142 0.052 0.139 0.389
∆ Emotional exhaustion −0.224 −0.460 −0.275 0.169

∆ Injury −0.362 −0.411 −0.155 0.197
∆ Being in shape −0.013 0.048 0.079 0.174

∆ Personal accomplishment 0.391 0.589 * 0.515 0.255
∆ Self-efficacy 0.131 0.313 0.387 0.065

∆ Self-regulation −0.057 −0.025 −0.043 0.598 *

∆ General stress −0.053 −0.237 0.024 −0.104
∆ General recovery a 0.319 0.354 −0.243 0.106
∆ Sport-specific stress −0.452 −0.503 0.021 0.357

∆ Sport-specific recovery 0.182 0.380 0.013 0.416
∆ Recovery–stress 0.275 0.437 −0.048 0.077

Note: a Spearman correlation; * p < 0.05.

4. Discussion

The first aim of this observational study was to examine the (mis)match between the
intended training intensity, duration, and load by the coach and the perceived training
intensity, duration, and a load of junior speed skaters for training sessions at all intensities
and for all training modalities. The second aim was to explore the relationship between
the difference between intended and perceived training load and changes in perception of
stress and recovery of the speed skaters in a four-week preparatory period.

In summary, the study results showed that the average load and RPE per session were
similar for the coach and the speed skaters, though athletes performed, on average, four
sessions less in the four-week training period, resulting in lower total training duration,
but no difference in the total training load. However, differences between the coach and
the individual speed skaters show a very large variation between individual speed skaters
with a range of 15 sessions less to 6 sessions more than intended. The training intensity
distribution of the sessions reported by the speed skaters was moderate to largely lower
than intended by the coach for the RPE scores of 4, 6, and 8. Over the four-week preparatory
period, there was no change in perceived stress and recovery on average for the group, but
the variation in changes between speed skaters was rather large (SDs ranging from 0.39
to 1.07). The individual change in the RESTQ-sport subscales success, physical recovery,
self-regulation, and personal accomplishment showed large positive correlations with the
difference between intended and perceived training variables.

This is the first study to show the intended and perceived training intensity, duration,
and load of talented junior speed skaters. It was shown that the training load of junior
talented speed skaters is lower than what the coach has intended because speed skaters
execute fewer sessions. There are no differences in RPE and duration between the coach
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and the athlete per session including all training modalities. This was also found in a
study among elite cyclists [19]; however, a study of young soccer players showed that
the athletes trained at a higher RPE than intended [20]. On the other hand, our study
shows that the skater’s RPE for speed skating sessions is 0.6 lower than what the coach
intended. Remarkably, to the best of our knowledge, no other study has shown a lower
perceived RPE, on average, than intended by the coach. A reason for the difference may
be, for example, because the speed skaters performed their sessions with a lower external
load (speed) than intended or because the coach underestimated the physical capacity
of the athletes. Additionally, the included skaters were in their late adolescence or early
adulthood from an age of 16 to 19 years old. It has been shown that the reliability of the RPE
scale improves from childhood to adulthood [9]. Additionally, another study showed that
the correlation between the intended RPE of the coach and the perceived RPE of swimmers
increases with age and experience [10]. This may explain the large variation of our results,
as we included adolescents. Note that it is important that the instructions for how to use
the RPE scales are clear to both the coach and speed skaters to align their RPE ratings. In
addition, it has been shown that the reliability of RPE can be improved for adolescents
when using the OMNI scale [9], and recent findings show that adding facial expressions to
the RPE scale is more convenient to use and provides valid and reliable scores for training
monitoring [27]. Further research should analyze the reasons why RPE scores from athletes
could be lower than those intended by the coach for speed skating sessions and explore the
use of facial expressions added to RPE.

Another interesting finding is that the intended training intensity distribution was in
line with the training intensity distribution of an Olympic 1500 m medalist [28]. However,
the perceived training intensity distribution in our study seems to differ. In 2006 and 2007,
the Olympic 1500 m medalist showed a frequency distribution with a peak in the number of
sessions at an RPE of four [28]. For the same athlete, a steeper peak was shown in 2008 and
2009 at an RPE of three. Our study shows that the intended training intensity distribution
by the coach was similar to the profile of the Olympic medalist in 2006, with a peak at an
RPE of four [28]. However, the perceived training intensity distribution is more flattened
with a plateau at RPEs of three, four, and five of which the performed sessions at an RPE of
four and eight were moderately lower than intended by the coach, and at an RPE of six,
were largely lower than intended.

When putting our findings into a three-zone perspective (low, moderate, and high
based on RPE < 3, 3–5 and >5, respectively) [14], our study shows that athletes spend
less training sessions at moderate and hard intensity than intended by the coaches (see
Figure 1). Other studies have shown a higher duration at low intensity, the same or higher
duration at moderate intensity, and the same or lower duration at high intensity [14–17].
In our study, training duration was different due to the number of sessions, while other
studies showed differences due to a different duration per session. These discrepancies
indicate that it is crucial to look at the training duration, intensity, and load as a whole but
also at all separate sessions of each individual athlete, coach, and group in order to find a
suitable intervention to align the intention and the perception.

A limitation of this study is that only 14 speed skaters out of the initial 23 speed
skaters met the inclusion criterium of executing >60% of the intended training load. This
resulted in 438 intended sessions by the coach and 378 executed sessions by the skaters.
This difference may be due to skaters that did not fill out the training log or did not execute
the intended training sessions. In order to ensure as little bias as possible due to not filling
out the training log, we have discussed each missing training session with the coach leading
to the inclusion criterium of >60%, which ensured that the speed skaters who did not fill out
the training log structurally were excluded. Therefore, we are confident that the sessions
that were not filled out by the skaters have not been executed. Reasons for not executing
these sessions could be a vacation, other obligations, injuries, or illness.

Some studies comparing intended and perceived training load did not report a dis-
crepancy in the number of training sessions [14,15,20] or showed a very small discrep-
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ancy [17,19]. If no discrepancy was shown, it was due to the design, which would only
include matched sessions. The advantage of including only matching sessions is that a good
comparison for each session can be made. However, a clear overview of the total training
load that was intended by the coach and the training load that was actually executed by
the athletes could not be given, which makes it difficult to make inferences on under- or
overtraining. We chose to include all sessions because that gives a realistic overview of the
total training load in relation to perceived stress and recovery.

Studies that showed a very small discrepancy included athletes that probably reported
their training load comprehensively because it is their profession [19], and because most
training sessions were performed under the supervision of the coach [17]. During our
study, the junior speed skaters had to do the majority of training sessions on their own
initiative such as cycling and other sessions, which leaves more room for absence if they
were, e.g., otherwise occupied, or simply not in the mood for training. This is probably
the reason why we found differences in the number of sessions between the coach and the
athlete. The fact that the coach was not present during most training sessions emphasizes
the need for monitoring training load, stress, and recovery in order to give the coach a
good overview.

The speed skaters in our study perceived greater success, physical recovery, self-
regulation, and personal accomplishment when their training load was approaching or
exceeding the intention of the coach. This was shown by a positive correlation between
success and the difference between the intended–perceived RPE per session, physical
recovery, and self-regulation with perceived–intended duration per session, and personal
accomplishment with perceived–intended total training load. However, we did not find
significant relationships between differences in perceived–intended training duration, RPE,
load, and aggregated scores of total stress and total recovery.

Some studies show a relation between increased training load or a negative life event
and success, physical recovery, and self-regulation [29–31]. Remarkably, no other study in
individual cyclic sports has shown that personal accomplishment was related to changes in
the training load of swimmers and rowers [30–32]. Additionally, no relationship was found
between personal accomplishment and changes in the performance of female cyclists [29],
nor a change after a negative life event of runners [33]. This suggests that the feeling of
personal accomplishment may not be dependent on increases in physical and psychological
stress but on the individual matching of training load between coaches and athletes.

Caution should be taken because we included only 14 speed skaters. Therefore, the
chance of a false positive correlation is large. Nevertheless, all the scales which show
significant correlations are categorized as recovery scales. This points out that the perceived
recovery may be a key factor to explain differences between intended and perceived training
load, or that differences in intended–perceived training load interfere with perceived recovery.

5. Conclusions

This study found that, during the preparatory phase of 4 weeks, junior speed skaters
trained less than was intended by the coach, with no mismatch in RPE and training load
calculated for the group. However, we have observed a large variation in the (mis)match,
showing a variety between skaters who trained more than intended and skaters who trained
less than intended. Additionally, it seems that there are differences between the (mis)match
for different training modalities and different training intensities. A (mis)match between
the coach and the speed skater is related to changes in recovery scales. That is, when
speed skaters approach or exceed the coach’s intended RPE, their perception of success
seems to improve. Perception of physical recovery and self-regulation improves when
they approach or exceed the intended duration per session, and personal accomplishment
increases when they approach or exceed the intended training load. This highlights the
importance of looking at each individual’s deviation from the coach and investigating the
reasons for deviation in order to find an appropriate intervention to balance the perception
of stress and recovery.
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Abstract: Background: Few studies have examined the mental profiles and academic status of
collegiate triathletes during training/competitive periods. We evaluated the changes in sleep quality,
physical fatigue, emotional state, and academic stress among collegiate triathletes across training
periods. Methods: Thirteen collegiate triathletes (19–26 years old) were recruited in this study. Mood
state, sleep quality, degree of daytime sleepiness, subjective fatigue, and academic learning states
were measured during the following five training periods: before national competitions for 3 months
(3M-Pre Comp), 2 months (2M-Pre Comp), 1 month (1M-Pre Comp), 2 weeks (2wk-Pre Comp), and
national competition (Comp) according to their academic/training schedule. Results: The academic
stress index in 1M-Pre Comp (Final exam) was significantly higher than that in 3M-Pre Comp in these
triathletes. No markedly significant differences were observed in overall mood state, sleep quality,
individual degree of sleepiness, and fatigue among these five periods. However, the profiles mood
state scale (POMS)-fatigue and -anger were lower in 2wk-Pre Comp than that in 1M-Pre com. The
POMS-tension score in Comp was significantly higher than that in 3M-Pre Comp and 2M-Pre Comp.
POMS-depression in Comp was lower than that in 1M-Pre Comp. Conclusion: We found that training
volume was highest one month before a competition, and the academic stress is greatest during their
final term exam period (1M-Pre Comp). After comprehensive assessment through analyzing POMS,
PSQI, ESS, and personal fatigue (CIS), we found that the collegiate triathletes exhibited healthy
emotional and sleep states (PSQI score < 5) across each training period, and our results suggest
that these elite collegiate triathletes had proficient self-discipline, time management, and mental
adjustment skills.

Keywords: athletes; fatigue; mood; academic learning states

1. Introduction

A triathlon is a competitive sporting event that combines swimming, cycling, and
running. Competition distances vary in different triathlon formats [1]. The biggest dif-
ference between triathlons and other sporting events is that triathletes spend more time
training than other athletes. Each of the three disciplines requires separate extensive train-
ing. Consequently, these athletes may be under greater stress physically, psychologically,
and socially [2]. Triathlon training must be tailored to an individual’s needs and condition.
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Training periodization and a daily schedule are crucial [2]. Training periodization is a means
of helping athletes reach their physical and result goals and involves the scheduling of
long, moderate, and short training cycles and sessions [3]. Periodization can help triathletes
achieve peak levels of regulation and maximum performance during the most important
event of the year. Athletes and their coaches should thus pay attention to the type of
physical training adaptation required and use the necessary training or skills to achieve a
particular adaptive response to physical training [4].

Triathlons are organized worldwide and year-round and comprise both events for
elite athletes and leisure competitions. Long duration training that is too intense, combined
with insufficient recovery time, can reverse the many positive physiological adjustments
associated with training adaptation, resulting in overtraining [5]. Training intensity affects
an athlete’s body and psychology to certain levels, and appropriate overtraining can induce
athletic performance enhancement. However, an excessive training intensity combined
with other stress factors may result in overtraining syndrome (OTS) [6]. Researchers widely
believe that endurance athletes are at higher risk of OTS due to the prolonged and massive
physical and psychological stress they are under due to, for example, training and com-
peting [7]. Clinical diagnosis of OTS is made when athletes exhibit fatigue, mood changes,
sleep deprivation, declining athletic performance, and increasing frequency of injury and
pain [7]. However, very few studies have investigated the physical and mental stress on
triathletes resulting from training and competing.

School sports events are sports competitions primarily for university athletes and
include triathlons. From the perspective of specialized sports training, the literature in-
dicates that sufficient research has been conducted into different training period levels,
athletic performance, and physical and psychological stress. For example, studies have
compared professional elite athletes [1,8,9] and investigated sex differences in athletic
performance [10], athletic performance in specific disciplines [8,10], and changes in physio-
logical traits throughout a season [11–13]. Student athletes, especially elite athletes, need to
deal with frequent training and high training intensity and volume in their periodic training
schedule. However, they must also spend considerable time and energy maintaining their
academic performance [14]. Due to the diverse and massive training intensity for triathlons
in particular, we believe that the external and internal loadings on student athletes are
not smaller than the physical and mental stress experienced by professional athletes in
any other competitive sport. According to surveys, collegiate athletes often experience
problems with sleep, emotions, and fatigue [15–17]. Although numerous factors can affect
the overall performance of triathletes, research into the effect of specific training factors
on burnout among triathletes is currently lacking [11,18]. Crucially, the extreme pressure
exerted by a heavy learning workload and intense athletic training at this stage can disrupt
student athletes’ normal physiological and psychological development. Comprehensive
assessments of triathletes’ mood, sleep, internal and external loadings, fatigue, and athletic
performance for different disciplines and training cycles are relatively lacking. Therefore,
in the field of sports medicine, more research into the influence of the type of training
periodization on students who engage in long and intensive training is necessary.

We hypothesized that the perceived learning effort, mental stress status, and sleep
quality would be negative impacted by the increasing training intensity across different
periodic training periods in these elite collegiate triathletes. This study evaluated the
differences in training conditions, sleep quality, emotional status, and academic pressure
among collegiate triathletes with different training cycles. The possible factors affecting
these variables were investigated. The evaluation results are used to explore the physical
and psychological changes in collegiate triathletes. Multiple questionnaires through peri-
odic survey were used to assess the physical and mental state of student triathletes across
different training periods, as well as provide a comprehensive assessment of their academic
stress. Therefore, the findings provide coaches and supervisors in sports sciences with
reference data when scheduling training for collegiate triathletes and can assist student
athletes to avoid injuries due to intense training and overtraining for competitions.
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2. Materials and Methods
2.1. Participants and Ethical Statement

The participants in this study were 13 collegiate triathletes (5 females, 8 males) between
the ages of 19–26 years. The anthropometric profiles of the participants are shown in Table 1.
All participants had fixed formulated annual training schedules under the supervision of
their team coach. During this study, the researchers did not change the coaches’ training
schedule. Participants that met the following conditions were excluded: (1) inability
to comply with the training schedule; (2) severe skeletal or muscular injury within the
preceding 3 months; (3) mental illness; (4) heart disease, diabetes, or other metabolic
diseases. The researchers explained the experimental process to the collegiate triathlon
coaches and then announced the recruitment through posters. Before the study officially
started, the researchers explained the research process and precautions to all participants.
Participants were required to sign informed consent forms. This study was performed
according to the last version of the Helsinki Declaration and approved by the Institutional
Review Board (IRB) at the University of Taipei (IRB-2018-066).

Table 1. Participants’ anthropometric profiles.

Measurement Male (n = 8) Female (n = 5)

Age (year) 20.0 ± 0.3 21.6 ± 0.7
Height (cm) 172.6 ± 1.8 158.4 ± 0.9
Weight (kg) 68.0 ± 2.5 56.7 ± 1.7

Body Mass Index (BMI, kg/m2) 22.8 ± 0.7 22.7 ± 0.8
Muscle mass (kg) 52.2 ± 1.5 37.9 ± 0.8

Body fat percentage (%) 19.6 ± 0.01 30.4 ± 0.01

2.2. Study Design and Procedure

To minimize any effect exerted by the students’ previous training, the coaches avoided
scheduling intense exercise and resistance training for 2 days prior to physical performance
tests. The questionnaire comprised a sleep quality scale, mood scale, daytime sleepiness
scale, and fatigue questionnaire. From 7:00 to 8:30 am on the day of the periodic survey,
participants completed four different questionnaires after measuring anthropometric test,
including the Profiles Mood State (POMS) scale for mood state evaluation, Pittsburgh Sleep
Quality Index (PSQI) scale for sleep quality evaluation, Checklist individual strength (CIS)
for subjective fatigue, and Epworth Sleepiness Scale (ESS) scale for daytime sleepiness
evaluation. To ensure adequate dietary habit control throughout the training period, we
gave the athletes detailed nutritional guidelines. Based on their individual daily energy
demands and training period, the participants were instructed to consume the following
food groups in these proportions: carbohydrates, 60–65%; protein, 15–20%; and fat, 15–20%,
according to the previous study focusing on triathletes [19]. The detailed procedure and
timeframe of this study are illustrated in Figure 1.
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Figure 1. The collegiate triathlete periodic training program detailed procedure and time frame.

2.3. Anthropometric Measurements

The participants were requested to avoid any form of exercise for 2 days before the
anthropometric measurements and fast for 10 h before the anthropometric test. All in-
struments were calibrated according to the manufacturers’ directions before the testing.
Height was measured using a Dong Sahn Jenix height scale (Seoul, Korea). Weight, body
fat percentage, fat-free weight, body mass index, and other anthropometrics were mea-
sured using the OMRON HBF-371 body composition monitor (Kyoto, Japan) based on
the bioelectrical impedance method. The participants were requested to wear the same
light clothing to all measurement sessions to ensure consistency across their pretest and
posttest bioelectrical impedance analysis (BIA) measurements. Further, all participants
were instructed to prohibit from drinking water and any fluids containing caffeine 2 h prior
to the BIA assessment to minimize possible interference and ensure consistency. To ensure
the reliability of the BIA measurements, the analysis was conducted with the participants
standing in their bare feet on the electrode plate with their hands on the electrode handles.

2.4. Triathletes Periodic Training Program

The triathletes were also asked to maintain their training logs during their periodic
training periods, and the training log was the training diary recorded by their team coach to
record individual athletes’ training type, frequency, intensity, and training feedback. These
logs were used to calculate their training intensity for specific sports disciplines. Figure 2
shows the training program during the different training periods. The triathlon training
consisted of running, swimming, cycling, and strength/brick training. All participating
athletes were performing their regular training under the coach’s supervision during
the periodic training program. The weekly training time for the four training periods
was 824 min (3 months before competition, 3M-Pre Comp), 1010 min (2 months before
competition, 2M-Pre Comp), 1175 min (1 month before competition, 1M-Pre Comp), and
786 min (2 weeks before competition, 2wk-Pre Comp). During the data collection period, it
can be seen that the majority of training hours were spent on swimming and cycling, and

82



Int. J. Environ. Res. Public Health 2022, 19, 4899

the training duration for these two sports disciplines was about 1:1, followed by running
and then weight training. While the brick training took up the least amount of total training,
it can still be seen that the training time proportion for brick training increased 2 weeks
before the national competition events.

2.5. Perceived Learning Effort and Study Time

Participants were asked to rate their level of perceived learning effort on a Likert scale
of 1 (very easy) to 10 (extremely stressful) for their regular subjective studying effort and
academic preparation during their specific training periods. In addition, participants were
asked to provide the average number of study hours per week during the specific training
period for the perceived learning work effort assessment. Banister et al. calculated the
training impulse (TRIMP) by multiplying the exercise duration by the exercise intensity,
which mainly reflects the overall exercise volume during exercise [20]. Our investigation
applied this concept into consideration and designed an academic stress index calculated by
multiplying perceived learning effort by studying duration to represent overall academic
stress/volume across different training periods. In brief, the triathlete academic stress index
during each training period was calculated using the product of the subjective perceived
learning effort level during their academic activities and the average number of hours of
study per week for that training cycle.
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Figure 2. Training schedule for the different training periods. 3M-Pre Comp: 3 months before
competition, 2M-Pre Comp: 2 months before competition, 1M-Pre Comp: 1 month before competition,
2wk-Pre Comp: 2 weeks before competition.

2.6. Profiles Mood State Questionnaire (POMS)

The POMS was used to measure the emotional state of the athletes under specific
training and competition conditions. The POMS questionnaire was developed by McNair
et al. and comprises 37 questions covering seven elements [21]. The elements vigor (7)
and self-esteem (5) represent positive moods, whereas the elements confusion (7), fatigue
(6), anger (5), tension (4), and depression (3) represent negative moods. Each question
was graded on a 5-point Likert scale from 0 (not at all) to 4 (extremely), and the score for
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each item was directly added to the total. When answering each question, the participants
responded to the question “How have you felt for the past 2 weeks (including today)?”.

2.7. Pittsburgh Sleep Quality Index (PSQI)

The Chinese version of the PSQI scale, as translated by Tsai et al., was used in this
study [22]. The PSQI scale has nine questions covering seven dimensions: sleep quality,
sleep latency, sleep time, habitual sleep efficiency, sleep disorders, sleep medication use,
and daytime dysfunction. Each dimension is worth 0–3 points; the maximum number of
points is 21. A higher PSQI score indicates poorer sleep quality. Typical scores are less
than or equal to 5, signifying favorable sleep quality. The participants completed the scale
according to their sleep during the previous month. The Cronbach’s α for the scale is 0.8332.
The Chinese PSQI validity was verified using the PSQI scale tests. The questionnaire’s
accuracy, sensitivity, and specificity were found to be 88.5%, 89.6%, and 86.5%, respectively
(κ = 0.75; p < 0.001), demonstrating that the Chinese PSQI scale has satisfactory reliability
and validity.

2.8. Epworth Sleepiness Scale

The Epworth Sleepiness Scale (ESS) is a questionnaire scale used to assess the degree
of daytime sleepiness of participants [23]. The ESS is a subjective evaluating scale that
allows participants to self-assess the probability of dozing in eight different situations
(e.g., sitting and reading, watching television, etc.) on a scale ranging from 0 (no proba-
bility of dozing) to 3 (high probability of dozing). The scores were mainly calculated by
summing the scores of the eight questions and the total score represented their daytime
sleepiness. A score in the range of 0–9 was considered normal, while a score in the range of
10–24 indicated excessive drowsiness.

2.9. Checklist Individual Strength (CIS)

The Checklist Individual Strength (CIS) questionnaire was used to assess the subjective
fatigue level of triathletes at each training period. The CIS questionnaire consists of
20 items, and each question is scored on a 7-point Likert scale. The total score for the
test was obtained by summing the item scores. These 20 items were spread over four
subscales: fatigue severity, which measures (i) subjective fatigue (8 items); (ii) concentration,
which measures attention problems (5 items); (iii) motivation, which measures decreased
motivation (4 items); and (iv) physical activity, which measures decreased activity (3 items).
In the CIS questionnaire, some items were reverse-scored for more precise assessment. CIS
exhibits reliable internal consistency (α = 0.84–0.95) [24].

2.10. Statistical Analysis

SPSS 16.0 (Chicago, IL, USA) and GraphPad Prism 5.0 (La Jolla, CA, USA) were
used to analyze and graph the data, respectively. SPSS 16.0 was employed to perform the
Shapiro–Wilk normality test to analyze the normality of the variables of interest. One-way
analysis of variance and repeated measures were used to compare changes in academic
status, emotional status, subjective fatigue, daytime sleepiness, and sleep quality during the
overall training and competition periods. All data were expressed as the mean ± standard
error of the mean, and the level of significance in all comparisons was set as 0.05 (p < 0.05).

3. Results
3.1. Effects of Different Training Periods on Academic Stress Status of Triathletes

Figure 3 presented the athlete’s academic learning status results during different
training periods. Figure 3A displays the subjective weekly study hours. The weekly study
hours were significantly higher in 1M-Pre Comp (Final exam) compared with 3M-Pre Comp.
However, 2 wk-Pre Comp presented significantly lower weekly study hours compared
with 3M-Pre Comp and 1M-Pre Comp (Final exam) (p < 0.05; η2 = 0.226). There were no
differences among the three phases for subjective study stress in these athletes (Figure 3B).
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The academic stress index in 1M-Pre Comp (Final exam) was significantly higher than that
in 3M-Pre Comp in this population (Figure 3C) (p < 0.05; η2 = 0.109).

3.2. Effects of Different Training Periods on Mood States in Triathletes

POMS questionnaire was used to assess the mood state and is shown in Figure 4.
There were no significant differences in overall mood states (Figure 4A), anger (Figure 4B),
self-esteem (Figure 4C), and confusion (Figure 4D) among each period in these athletes.
However, the fatigue (Figure 4E) and anger (Figure 4F) scores were significantly lower in
the 2 wk-Pre comp compared with the 1M-Pre comp (p < 0.05; fatigue: η2 = 0.022; anger:
η2 = 0.065). The tension scores were significantly higher in Comp than in 3M-Pre Comp
(3 month before competition) and 2M-Pre Comp (Figure 4G) (p < 0.05; η2 = 0.148). The level
of depression during competition period (Comp) was significantly lower than in 1M-Pre
Comp (Figure 4H) (p < 0.05; η2 = 0.152).
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3.3. Effects of Different Training Periods on Degree of Fatigue and Sleepiness in Triathletes

The individual degrees of fatigue and sleepiness assessed by Checklist Individual
Strength (CIS) questionnaire and Epworth Sleepiness scale (ESS), respectively, are shown in
Figure 5. No significant difference in individual fatigue was observed among these five differ-
ent training phases (Figure 5A). Additionally, we did not observe any significant differences in
degree of sleepiness among the five different training periods in this population (Figure 5B).

3.4. Effects of Different Training Periods on Sleep Quality in Triathletes

Using the PSQI questionnaire to evaluate sleep quality is shown in Figure 6. The
overall sleep quality scores in these triathletes for the five different training periods (3M-Pre
Comp, 2M-Pre Comp, 1M-Pre Comp, 2wk-Pre Comp, Comp) were not significantly different
(Figure 6A) (p > 0.05). In addition, there were no significant differences among periods in
subjective sleep quality (Figure 6B), sleep latency (Figure 6C), sleep time (Figure 6D), sleep
disorders (Figure 6E), and daytime dysfunction (Figure 6F) (p > 0.05).
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Sleep latency, (D) PSQI Sleep time, (E) PSQI Sleep disorders, and (F) PSQI Daytime dysfunction
scores were determined in five training periods. Data were represented as Mean ± S.E.M. See the
legend of Figure 2 for abbreviations.

4. Discussion

The major finding of this study was that the total number of hours that the colle-
giate triathletes spent in training sessions—which comprised running, swimming, cycling,
weight training, and brick training—gradually increased initially. The total training amount
then gradually decreased after reaching a peak 1 month before a competition. Furthermore,
more training hours were spent in swimming and cycling than in the other training types.
The academic stress index, which was assessed by multiplying study stress and study
hours, exhibited that these athletes experienced both greater academic and sports training
intensity one-month before national competition events (final term exam period). The
ESS and personal fatigue scale results revealed no significant differences between training
months during the investigation period. The PSQI results showed no significant difference
in the total score for each month (each month’s score was less than 5 points), nor any
significant difference for the PSQI scale subindexes, namely, subjective sleep quality, sleep
latency, habitual sleep efficiency, total sleep hours, sleep disorders, sleep medication use,
and daytime dysfunction. The POMS scale results revealed that the total emotional score
did not differ significantly between the monitored months. However, the individual POMS
scores indicated that the tension index was higher during competition months than other
training months. The depression index was highest 1 month before a competition and
significantly higher than that in the competition period. The fatigue index was highest
1 month before a competition and, at this time point, it was significantly higher than that
2 weeks before the competition period. No significant differences were discovered in the
other POMS assessment indexes—vigor, self-esteem, and anger. Despite the extensive
amount of training that the participants underwent during the group training 1 month
before a competition, the personal fatigue index scores were not significantly higher during
this time.

Triathlon training plans involve running, swimming, cycling, and weight training. In
keeping with the basic concepts of the three triathlon stages, the training for each discipline
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was incorporated into the following annual competition periods: off season, preseason,
and competition season [4]. Researchers have demonstrated that in nonelite triathletes,
training for 8–10 h total per week (5–6 h cycling and 3–4 h running per week) resulted in
the lowest likelihood of injury [18]. Furthermore, during the off season, triathletes focus
on mental and physical rest and emphasize resistance training to improve their athletic
performance and prevent injury through improving muscle strength [2]. To improve aerobic
endurance, training plans must be designed to strengthen the respiratory, cardiovascular,
and musculoskeletal system functions, such as through physical strength training to im-
prove athletic performance in specific disciplines [4]. The average periodic training hours
for the collegiate triathletes participating in this study were 4–6.5 h of swimming, 3–7 h
of cycling, and 2–4 h of running, which are largely equivalent to the hours recommended.
The training schedule also included weight training each month, the average duration of
which was 1.5 h. One study demonstrated that the triathletes’ training period and daily
schedule are also critical [2]. As competition season approaches, training periods begin
with high-volume, low-intensity training and progresses to low-volume, high-intensity
training [4]. The present study discovered that the number of brick training hours increased
with the approach of national level competitions. The number of hours for other types of
training also increased but peaked 1 month before the competition before decreasing. This
demonstrated that the training schedules for collegiate triathletes conform to periodic train-
ing patterns. However, in terms of athletic intensity, the physical activity measurements
performed in this study did not indicate any significant differences between periods. As
the rate of perceived exertion (RPE) and session RPE (sRPE) were not measured, this study
was unable to fully understand training intensity. Future studies should use RPE and sRPE
to analyze differences in intensity between training periods in greater detail.

Training intensity monitoring is necessary for understanding an individual’s response
to training stimuli and assessing the levels of fatigue during different periods. The present
study discovered that training intensity and training tension were significantly greater
during intensive training periods and were significantly positively correlated with the total
fatigue score. This indicated that subjective fatigue surveys are a sensitive tool and can
be used to perceive changes in training intensity [5]. The Checklist Individual Strength
subjective fatigue scale was used in this study and revealed a lack of significant differences
in personal fatigue between each training month during the study period. Although the
athletes had periodic training schedules, the study results demonstrated that changes
to the training volume each month did not significantly influence the fatigue felt by the
athletes. According to our results, periodic training schedules do not create significant
changes in collegiate triathletes’ subjective fatigue. Another possible explanation is that
triathletes undergo massive amounts of training in each training period; these athletes are
thus fatigued for long periods of time and do not receive sufficient relief from fatigue.

Previous evidence has revealed that the athletes’ sleep time and quality dropped after
their training intensity increased (+30%), demonstrating an inverse correlation between
training intensity and sleep time and quality [25]. Athletes are often unable to obtain
sufficient sleep due to training, competing, competition scheduling, travel, stress, and other
training intensities and times or due to overtraining. Many other factors may also lead to
insufficient sleep in overtrained athletes [25,26]. For example, academic pressure or work
burdens and even psychological pressure can negatively affect athletes’ energy [17]. The
PSQI assessments of triathletes’ sleep during this study revealed that the total scores were
lower than 4 points and the assessments for each period were not significantly different.
The subindexes—sleep quality, sleep latency, habitual sleep efficiency, total sleep time,
sleep disorders, sleep medication use, and daytime dysfunction—did not exhibit significant
differences, demonstrating that collegiate triathletes commonly experienced good and
long sleep. Furthermore, we discovered that the athletes trained the most but had the
lowest sleep quality index scores at 1 month before a competition, indicating that the
collegiate triathletes had higher sleep quality when they were training more. However,
this is inconsistent with studies reporting that an increase in training intensity leads to
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lower sleep quality and total amount of sleep [25,26]. We noted that 1 month before a
competition was during the winter holiday break, when the athletes’ academic pressure
was relatively low; consequently, the athletes were better able to fully recover (including
sleep) from high-intensity training during this period. The present results also revealed that
the competition season and training schedule for student athletes may need to be planned
with comprehensive consideration of their school semester schedules to ensure they have
time to rest and recover while balancing academic and training demands.

Interestingly, during the months with the greatest training volume, only the POMS
scale depression and fatigue scores increased. The personal fatigue scale scores did not
increase. This was possible due to the collegiate athletes’ peak training period coinciding
with the winter holiday break—when the athletes could obtain sufficient rest. Therefore, the
high POMS fatigue score may have been the result of the athlete’s mental state, which could
have been affected by psychological factors such as the athlete’s own self-demands and
their coach’s demands. Athlete’s fatigue may thus originate from psychological pressure
while training rather than from increased physical activity. Training hours were consistent
with the durations suggested in the literature, and the few differences may have been
because the literature suggestions were for nonelite athletes. The study participants were
collegiate elite athletes, and no severe sports injuries or mental stress were discovered
during this study. This indicates that the training volume and stress from the coaches did
not affect the athletes. This also substantiates the argument of Slivka et al. that by limiting
the stress on athletes from sources unrelated to training, athletes can withstand very high
training volume and intensity without developing OTS [27].

POMS questionnaire and PSQI scale scores (measuring, e.g., sleep disorders and
sleep latency) are considered early indicators of training maladaptation [26]. Studies have
found that loss of sleep may have negative effects on subjective well-being measurements,
including measurements of fatigue, mood, and confusion. Furthermore, competition stress
and anxiety can negatively affect sleep quality and duration, and sleep loss can damage
mood and increase stress and anxiety [26]. One study reported that athletes with lower self-
assessed sleep quality have higher levels of emotional confusion, leading to a higher risk of
failure. Each point increase in confusion level was discovered to lead to 19.7% lower sleep
quality [27]. Hausswirth et al. assessed the POMS score and VO2max of 40 triathletes and
continually monitored the participants using Actiwatch. Nine triathletes were diagnosed
with functional overtraining with reduced functionality and high perceived fatigue [28].
A significant time–group interaction was also discovered between sleep duration, sleep
efficiency, and inactive periods [28]. Romyn et al. also argued that greater tension and
anxiety lead to lower sleep quality ratings [29]. Based on the studies above [26], the POMS
and PSQI questionnaires can be used to evaluate early indicators of training maladaptation.
However, observing only the changes in the total scores of these two questionnaires may
neglect the detailed mental changes in these college triathletes. Likewise, our results
revealed no significant differences in the total POMS and PSQI scores of athletes across
training periods (Figures 4 and 6). Importantly, we found that these athletes showed a
significant increase in POMS stress levels during the competition period, yet there were
no significant differences in their sleep quality PSQI scores among periods. Our obtained
result seems to exhibit certain diversities from the above studies [27–29], and we speculate
that these collegiate triathletes might have better attitude when controlling their life pattern,
thereby exhibiting greater capacity to cope with mental stress of training or competition by
obtaining better sleep quality.

Most studies have used the ESS, Competition Stressor Scale, Checklist for Sleep
Hygiene, and PSQI scale to assess sleep and stress in athletes [15,16,30]. Mah et al. reported
on inappropriate sleep times among collegiate athletes due to insufficient sleep hours
and low sleep quality, and these athletes were often discovered to exhibit visible daytime
sleepiness [15]. Reasons given in the literature for daytime sleepiness and poor sleep quality
include high-intensity training, extra working time, overuse of electronic devices, skipping
breakfast, sports injuries, overtraining, anxiety prior to sleep, and other problems that cause
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anxiety, pain, and sleep disorders [15,30]. However, it has to be noted that the ESS results
in the present investigation revealed no significant differences between training months.
The individual assessments revealed that although most of the athlete participants did not
experience daytime sleepiness, some athletes had an average ESS score of 16–18 points,
indicating that they experienced higher rates of daytime sleepiness. One study suggested
that the training schedule prepared by sports team coaches can be personalized by being
flexibly adjusted to the athlete’s needs and that practical guidance and suggestions given to
athletes should lessen their perceived fatigue [17]. Based on the present findings, we suggest
that collegiate triathlon coaches conduct individual interviews with athletes with higher
sleepiness scores, change their training start time, or provide appropriate sleep-related health
education to help these athletes reduce their daytime sleepiness.

Changes in athletes’ mental state or mood while training for super-endurance compe-
titions can lead to changes in their performance [31]. Triathletes are considered a group
at risk of developing a series of adverse health results due to high training intensity and
long training times [18]. Additionally, mood is directly correlated with training amount
and intensity [31]. Comotto et al. used sRPE and the POMS scale to monitor a group of
teenage elite triathletes (age: 18 ± 1 years) who were given the same external training
intensity during training camp. The POMS scores revealed that the athletes’ fatigue in-
creased by 45% and vigor decreased by 24%, and the energy index for all training camp
athletes decreased [32]. The POMS scores in a 6-month study on 32 triathletes (18 athletes,
15 members in the sedentary control group, all aged 24–61 years) discovered that vigor
score decreased and anger and fatigue scores were high during peak training months [31].
Unlike prior studies that included participants with a wide age range, this study focused
on collegiate triathletes and used the POMS scale to assess changes in their mood during
4 months of periodic training (this period included general physical preparations and
national level competition stages). The results from the present study revealed that the
fatigue scores among the collegiate triathletes were significantly higher when the training
was most extensive; however, their anger scores were not significantly higher and their
vigor scores were not significantly lower. Comparing the present findings with those of a
previous study [31], we surmise that emotional stress was not significantly higher when
training intensity was higher because of the similarities in age, periodic training schedule,
and competition preparations among the collegiate triathletes. Furthermore, school sports
teams have peer support, professional coach supervision, and team goals; these attributes
could have helped to alleviate the stress caused by intensive training.

This study discovered that although the amount that collegiate triathletes trained
differed depending on the particular training period, the differences did not significantly
affect the athletes’ sleep quality or emotional response. This further substantiates the
earlier statement that precompetition preparations that coincide with the winter holiday
break allowed athletes to have sufficient rest despite an increase in training volume and
greater depression, fatigue, and tension during the competition periods. These results show
that collegiate triathletes have healthy emotion and sleep management and also that the
reduction in academic pressure during the precompetition period may explain the athletes’
favorable sleep quality and mood. Although this study discovered no significant differences
between training periods in the overall averages for sleep quality, daytime sleepiness, and
emotional stress, some athletes did have significantly higher scores than other athletes
in these portions of the questionnaire. These athletes may have had insufficient rest
or recovery due to personal factors. Therefore, coaches should provide individualized
guidance and recommendations to athletes whose scores indicate poor sleep quality or
high stress or refer them to appropriate mental, nutritional, or sleep consultants.

4.1. Study Limitation

One of the primary limitations of the present study is that the participants were
limited to national, college-level elite triathletes; therefore, all participants were trained
and competed on the same college triathlon team. In this regard, we made every effort
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in the study design to eliminate potential confounding factors, including standardized
dietary instruction by the team coach and the conducted supervised triathlon-specific
training program. Despite our efforts to control the study design quality, we still could not
completely rule out the possibility of a Type II error due to the relatively small sample size.
However, the primary population in this study was collegiate Division I elite triathletes (all
of them were ranked Top 10 in the nation in their competition category), which is a specific
category and a very limited number of participants could be recruited. On the other hand,
although both male and female athletes were included in this study; we did not further
analyze the differences between males and females due to the small sample size. Therefore,
future studies investigating gender differences in this issue are warranted.

4.2. Perspectives in Practical Application

The results of this study provide crucial information for triathlon training. (1) Ques-
tionnaire surveys (e.g., POMS and PSQI scales) have reliability and can reflect athletes’
physical and psychological status. Coaches should ask their athletes to regularly complete
short personal surveys. (2) Triathlons are competitions for individuals, and different ath-
letes have different physical and psychological statuses during training. Coaches must
provide individualized instructions or adjustments based on the problems experienced by
the particular athlete. (3) Coaches should consider student athletes’ academic stress state
and training quality to individually adjust the training intensity and periodic program to
achieve greater sports performance.

5. Conclusions

The emotional state, level of fatigue, and sleep quality of 13 collegiate triathletes
going through periodic training were collected in this study and assessed over 3 months
before the national competitive event. This study discovered that training volume was
highest 1 month before a competition. The POMS overall emotional assessment scores
indicated no significant differences between different training periods. However, anxiety
scores rose during the competition season, while fatigue and depression scores rose during
the peak training period. The personal fatigue scores indicated no significant changes
in the fatigue level during the investigation period or any significantly greater fatigue
during the peak training period. Changes in the ESS total score were also nonsignificant.
The PSQI total score and individual scores were not significantly different, indicating
favorable sleep quality among the athletes. A comprehensive view of the assessments used
in this study—training volume, POMS, PSQI, ESS, and personal fatigue—indicate that the
collegiate athletes exhibited healthy emotional and sleep states (PSQI score < 5) during
each training period. The athletes had proficient self-discipline, time management, and
mental adjustment skills. Administering a subjective questionnaire might help the coaches
to closely consider each athlete’s individual demands. When selecting evaluation scales, a
simply used questionnaire should be considered to minimize the inconvenience to athletes
of completing forms after stressful studying and training intensity. Coaches should also
appropriately intervene when the athletes exhibit negative patterns to help them better
cope with psychological or physical stress to prevent overtraining.
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Abstract: This study aimed to analyze whether the relationship between regional and whole-body fat-
free mass (FFM) and strength is related to FFM distribution and area according to limb involvement.
Thirty well-trained male young adults underwent one-repetition maximum test (1RM) to assess the
strength in arm curl (AC), bench press (BP), seated row (SR), leg press 45◦ (LP45), knee extension
(KE), and leg curl (LC). Dual-energy X-ray absorptiometry was used to evaluate FFM. The values
for 1RM in AC, BP, and R correlated to FFM in upper limb (R2 = 0.69, 0.84 and 0.75), without an
effect of appendicular mass index (API) or area. For 1RM in KE, the correlation with FFM in lower
limb increased with thigh area (R2 = 0.56), whereas 1RM in LC and LP45 correlation to whole-body
FFM increased with API (R2 = 0.64 and 0.49). The upper limb’s FFM may be reliable for indexing the
arms and upper trunk strengths, whereas the relationships between FFM and strength in lower limb
improve as muscle mass and thigh area increases between subjects.

Keywords: muscle strength; resistance exercise; body composition; early adulthood

1. Introduction

Resistance exercise promotes muscular fitness (i.e., an increase in muscle strength
and work economy, and improvement in power and speed during daily living or sporting
tasks), which is undoubtedly accompanied by physiological and morphological muscle
adaptations [1–3]. Nonetheless, muscle adaptation to resistance training requires that
variables are planned (choice of exercise, order of exercise, load, volume, rest, frequency,
and repetition velocity) to match a specific goal [2,4,5]. Indeed, when dealing with advanced
practitioners (i.e., many years of training), further improvements in strength and muscle
hypertrophy require the adequate management of training variables (e.g., load, repetition,
sets, rest, and motor task) during a single session or throughout planning [1].

The loading in resistance training is operationally defined as the percentage of one-
repetition maximum weight lifted (%1RM) in a single- or multi-joint exercise [4,5]. There
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are existing protocols for the measurement of the 1RM value [6]; however, these proce-
dures are unreasonable when considering the training routine and planning for advanced
practitioners, which include higher %1RM, high training volume (multiple sets, and a
high number of repetitions), and high frequency to encompass a variety of single- and
multi-joint exercises [1,5]. Alternatively, the monitoring of 1RM in terms of body composi-
tion and anthropometry is supported by the assumption that muscle strength increases in
association with the modifications of fat-free mass (FFM) and, therefore, also influencing
lift performance.

It was previously shown that segmental body area (arm circumference, arm muscle
cross-sectional area, and thigh circumference) also makes a significant contribution to
strength in highly resistance-trained athletes [7,8]. Moreover, the fewer joints and mus-
cle groups involved in a weight lifting session, the greater the predictive accuracy from
variables of body dimensions. However, the power of this relationship is controversial
among studies [9,10]. Hortobágyi et al. [9] concluded that individual differences in mus-
cular strength are poorly related to various measures of body size and segmental body
dimensions, since correlations between strength vs. body mass, FFM, thigh and arm
volume, cross-sectional area, and skinfolds ranged from −0.52 to 0.56 for trained and
non-trained subject groups. Conversely, Hetzler et al. [10] evidenced improvements in the
estimate of 1RM bench press using the repetitions to failure test with the addition of the
arm circumference and arm length.

In the earliest studies reporting the relationship between 1RM values and anthro-
pometric information, the coefficients widely ranged, but were not above 0.9 [8,11–15].
Therefore, when collectively analyzed, most of these previous studies have related sec-
tional and muscle areas, circumference, and body mass to 1RM performance in multi-joint
exercises (i.e., bench press and squat), resulting in predictive equations without the same
robustness of the estimate as the models considering the submaximal level of muscle
strength (i.e., repetition to failure based on a given weight, percentage of body mass, or
fixed number of lifts) [16]. However, an improvement in correlation coefficient has been
reported when FFM is considered as an independent variable to be related with the strength
for exercises engaging single joints and small muscle groups [8,14] regardless of the level
of training (i.e., moderate or advanced) of the participants [7,9,11,17].

Information is surprisingly lacking regarding the power of regional composition to
monitor the 1RM value, despite findings indicating the influence of physical performance,
FFM, and muscle fiber hypertrophy on the ability to lift heavier weight [18,19]. Indeed, if
regional body tissue adaptations are considered to be meaningful information, combined
with whole-body changes, and with practical (re)considerations for training control and
planning across sexes and ages [20], it would be interesting to analyze how the regional
composition information may be useful to evaluate the variations in 1RM in exercises
regarding muscle mass participation in resistance exercises.

Thus, the objective of this study was to analyze whether regional and whole-body
FFM, which are expected to correlate with 1RM in upper- and lower-limb exercises, follow
a specific tendency concerning the limb engaged in exercise. In addition, we wondered
whether regional FFM influences the change in 1RM values according to the differences in
anthropometric and other composition variables between participants. We hypothesized
that regional FFM correlation with 1RM values follows a specific trend regarding the
limb engaged in the lift movement, therefore presenting a stronger coefficient compared
to anthropometric and whole-body FFM variables. In others words, confirmation that
strength and FFM are more strongly related at the body region level will demonstrate that
muscle force and mass are both parameters of limb enhancement or a decreased ability
in lifting exercises. This would support training and rehabilitation plans regarding body
region requirements for strength improvements.
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2. Materials and Methods
2.1. Participants

Thirty well-trained male adult volunteers (23.7 ± 5.8 years, 178.7 ± 5.3 cm in height,
78.7 ± 11.3 kg in body weight, and 17.0 ± 5.4% in body fat), with resistance training experi-
ence of at least two years and no injury episode during the last six months, provided their
written informed consent to participate in this study. Only male young adults participated
to avoid the interference of maturation, sex, and aging process on muscle strength, fat-free
tissue mass, and bone mineral content among subjects [17,21]. This research was approved
by the Local Ethics Committee of the University (CAEE: 19824719.3.0000.5398).

2.2. Body Composition

The dual-energy X-ray absorptiometry (DXA) method (Hologic® model, QDR Discov-
ery Wi®, Beldford, MA, USA) was used to obtain the regional and whole-body composition.
The software (Hologic APEX®, Beldford, MA, USA) provided values of FFM (fat-free mass
and bone mineral content, in grams) for upper and lower limbs (UL-FFM and LL-FFM),
and the submaximal whole-body FFM (WB-FFM, discarding values for the head). Other
regional and whole-body composition variables were fat mass (FM), area, and appendicular
fat-free mass index (API). The equipment was calibrated following the manufacturer’s rec-
ommendations by a laboratory technician with experience in these procedures. According
to Nana et al. [22], the standardized conditions for DXA scanning are: (i) participants be
presented fasted, rested (no exercise), and with no fluid ingestion for at least three hours
before the analysis, and (ii) should arrive wearing light clothing, without shoes or carrying
any metallic object or body-worn accessories. During the DXA scanning, the participants
remained lying in the supine position on the table until the end of the scan, with feet
kept together (~15 cm apart) and arms arranged along the side of the trunk (in a mid-
prone position with ~3 cm between the palms and trunk). The same technician adjusted
the anatomical points following the manufacturer recommendations. The participants
underwent DXA scanning during the first visit.

2.3. Strength Measurements

Tests of 1RM were performed on the following exercises: (1) arm curl (AC), (2) hori-
zontal bench press (BP), (3) seated row (SR), (4) knee extension (KE), (5) leg curl (LC), and
(6) leg press 45◦ (LP45). All tests were performed after a non-specific warm-up of 15 min
(static stretching, cycling, or running at exercise intensity ≤60% age-predicted maximal
heart rate (i.e., HRmax = 220 − age, with age in years). The protocol of the 1RM test
followed the recommendations of Mayhew et al. [23]: (1) a specific warm-up preceded the
first attempt of the test and was performed with light weights to avoid concentric failure,
and up to 8–10 non-maximal repetitions; (2) initial test weight was chosen based on the
average rates for the strength of upper- and lower-limbs, according to age, sex, and body
mass [6]; and (3) participants performed at least three attempts of one repetition each, with
three minutes of rest between each attempt. The weight was increased or decreased from
the initial weight by 1.1 to 4.5 kg based on the difficulty of the first lift. The weight that
could not be lifted twice (i.e., self-reported inability, or failure in attempt, to perform the
second lift) represented the 1RM reference [6,7]. The load value was reported in kilograms
(kg). The participants were instructed to perform the movements with the proper technique,
following recommendations from Baechle and Earle [24]. Moreover, two visits, separated
by 24 h, were scheduled for the completion of all 1RM testing, following the order of small
to large muscle groups, intercalating upper- and lower-limb exercises. Thus, AC, KE, and
BP were tested in the first visit, and LC, SR, and LP45 in the second visit. Participants were
instructed to avoid high-intensity resistance training 48 h before the testing, and to present
themselves rested, fasten, and well-hydrated two hours prior to testing.
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2.4. Statistical Analysis

The data are reported as mean ± standard deviation, confidence interval (CI95%), and
standard error of measurement (SEM). Normality was checked for the muscle strength
variables by the Shapiro–Wilk test. The Pearson coefficient (r) was used to test the linear
relationship (2-tailed) between maximum observed strength and body composition vari-
ables. The stepwise method was used to model the linear relationship between values
of 1RM (as the dependent factor) and regional and whole-body composition variables
(as independent factors). The input data for muscle strength in UL exercises considered
regional and whole-body composition variables, except those for LL, and vice versa when
the procedures were applied to analyze the relationship between LL strength exercises
and body composition. To ensure that the correlations were not inflated for the differ-
ences in muscle area and musculature distribution, the analysis was controlled to segment
area (i.e., arm or thigh, according to the body region involved in the exercise) and API
(independently of the body region involved in the exercise). The Pearson coefficient was
interpreted as <0.2 (trivial), 0.20–0.49 (small), 0.5–0.8 (medium), and >0.8 (strong) [24].
Scatterplots was used to analyze the explained variance (R2

and R2
adj) and standard error of

the estimate (SEE) of the FFM-predicted 1RM distribution to the observed 1RM distribution
across subjects, considering both coefficients as <0.04 (trivial), 0.04–0.24 (small), 0.25–0.63
(medium), and >0.64 (strong) [25]. All statistical procedures were performed in SPSS 26
(Statistical Package for Social Sciences, IBM, Armonk, NY, USA), with a significance level
of p ≤ 0.05.

The sample power for the associations between the observed and predicted 1RM
values were determined for each exercise, and the mean value was considered for analysis
of the sample size (n = 30). Input parameters were: (a) the corresponding value of “r” from
the coefficient for explained variance (R2) given in scatterplots; (b) Zα = 1.96 for a security
index of α = 0.05, following Díaz and Fernandéz [26]:

Z1−β =
√

n− 3
1
2

ln
(

1 + r
1− r

)
− Z1− α

2
(1)

To avoid anon-realistic statistical power by using information from the actual sample,
the cross-validation process was performed using the predicted residual error sum of
squares (PRESS) method [27,28]. From the PRESS statistic, a modified form of R2 adjusted
(R2

p) and standard error of the estimate (SEEp) were recalculated, R2
p = 1 – (PRESS/SSTotal)

and SEEp = (PRESS/n)1/2, in which PRESS is the sum of the squares of eliminated residuals:

PRESS = ∑n
i=1(yi − ŷi,−i )

2 (2)

3. Results

Table 1 presents regional and whole-body composition characteristics, anthropometric
area, and 1RM values of the participants.
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Table 1. Values of regional and whole-body composition, and muscle strength.

Mean ± SD CI95% SEM

Index API (kg/m2) 9.67 ± 1.02 9.30–10.06 0.19

FFM
WB (g) 59,596.8 ± 6831.6 57,045.9–62,147.8 1247.3
UL (g) 8439.0 ± 1387.8 7920.7–8957.2 253.4
LL (g) 22,316.1 ± 3064.9 21,171.7–23,460.6 559.6

Areas
Arm (cm2) 480.1 ± 45.7 463.0–497.1 8.3

Thigh (cm2) 837.9 ± 95.5 802.2–873.6 17.4

Exercises
1RM

AC (kg) 44.8 ± 9.3 41.3–48.3 1.7
BP (kg) 82.5 ± 21.2 74.6–90.7 3.9
SR (kg) 96.5 ± 23.2 87.9–105.2 4.2
KE (kg) 133.4 ± 29.1 122.5–144.2 5.3
LC (kg) 90.8 ± 20.7 83.1–98.6 3.8

LP45 (kg) 323.6 ± 61.5 300.6–346.6 11.2
API: appendicular fat-free mass index; FFM: fat-free mass; WB: whole-body; UL upper limbs; LL: lower limbs;
AC: arm curl; BP: horizontal bench press; SR: seated row; KE: knee extension; LC: leg curl; LP45: leg press
45◦; 1RM: one-repetition maximum; SD: standard deviation; CI95%: confidence interval; SEM: standard error
of measurement.

The correlation coefficients between the regional and whole-body composition vari-
ables with 1RM values are shown in Table 2. All correlation coefficients for UL- and LL-FFM
were observed to be at a higher level than those for API, WB-FFM, and arm and thigh areas,
with the exceptions of KE, LC, and LP45, for which the correlations with WB-FFM and
LL-FFM were quite similar.

Table 2. Coefficients for Pearson’s correlation analysis between 1RM values and regional and whole-
body composition variables.

Exercises

Body Composition

API
Area

WB-FFM UL-FFM LL-FFM Arm Thigh

AC 0.67 **
[medium]

0.71 **
[medium]

0.82 **
[strong] na 0.60 **

[medium] na

BP 0.83 **
[strong]

0.86 **
[strong]

0.91 **
[strong] na 0.73 **

[medium] na

SR 0.73 **
[medium]

0.83 **
[strong]

0.86 **
[strong] na 0.76 **

[medium] na

KE 0.56 **
[medium]

0.71 **
[medium] na 0.74 **

[medium] na 0.65 **
[medium]

LC 0.58 **
[medium]

0.79 **
[medium] na 0.77 **

[medium] na 0.72 **
[medium]

LP45 0.60 **
[medium]

0.68 **
[medium] na 0.63 **

[medium] na 0.50 **
[small]

API: appendicular fat-free mass index; WB: whole-body; FFM: fat-free mass; UL: upper limbs; LL: lower limbs;
AC: arm curl; BP: horizontal bench press; SR: seated row; KE: knee extension; LC: leg curl; LP45: leg press 45◦.
** p < 0.001, na: not analyzed.

Figure 1 depicts the scatterplots between values for the 1RM tests. For AC, BP, and SR,
the explained variances from UL-FFM (Figure 1A–C) were higher when controlled by API
(R2 = 0.69, 0.84, and 0.75, respectively, (strong), p < 0.01). A similar result was observed for
the KE variance explained by LL-FFM (Figure 1D), which increased when controlled by
the thigh area (R2 = 0.54 (medium), p < 0.01), and for the LC and LP45 variances explained
by WB-FFM (Figure 1E and F), which also increased when controlled by API (R2 = 0.62
(strong) and 0.46 (medium), respectively, p < 0.01).

The PRESS analysis is presented in Table 3. The stability of the correlations by shrink-
age analysis from R2

adj to R2
p was ensured for all observed correlations between RE and
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FFM variables, since the values for R2
p were at a ≤0.1 ratio from the previous R2

adj values.
Cross-validation was therefore acceptable from R2

p for regression analysis in all resistance
exercises. Calculated unbiased estimates of SEEp reduced when compared to those SEE
shown in Figure 1 for all resistance exercises.

Table 3. Cross-validation values from PRESS analysis.

Exercise Model Cross-Validation

R2
adj R2

p Shrinkage SEEp (kg) SEEDif (%)

AC 0.66 0.63 0.03 5.54 +2.21
BP 0.83 0.82 0.01 8.92 +2.41
SR 0.73 0.70 0.03 12.44 +2.89
KE 0.53 0.43 0.01 21.56 +7.85
LC 0.61 0.55 0.06 13.71 +5.79

LP45 0.44 0.40 0.04 46.93 +1.89
AC: arm curl; BP: horizontal bench press; SR: seated row; KE: knee extension; LC: leg curl; LP45: leg press 45◦;
SEE: standard error of estimate. SEEDif: difference between SEEp and SEE.
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45◦ (LP45) (F).
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4. Discussion

The aim of this study was to analyze whether regional and whole-body FFM follows
a specific tendency concerning the limb engaged in exercise. In addition, we wondered
whether regional FFM influences the change in 1RM values according to the differences in
anthropometric and other composition variables between participants. The findings from
the present study showed that both UL- and LL-FFM are powerful indexes that are related
to 1RM measurements for single- or multi-joint resistance exercises engaging upper- and
lower-limb actions. Therefore, our findings are aligned with the assumption that resistance
training can improve muscle strength, weight lifting capacity, and fat-free body mass [2,18].
However, information on the propensity of regional body composition to analyze muscle
strength variance in different weight lifting exercises is still lacking in the literature. Thus,
the current study evidenced that 1RM correlations with FFM in upper and lower limbs in
exercises involving single- and multi-joint actions increased according to the content of
FFM, regardless of the peripheral FFM distribution and thigh area between subjects when
considering resistance exercises involving upper and lower limbs (respectively).

In this sense, the way that FFM variables related with 1RM values for UL single-
or multi-joint exercises evidenced a higher power for regional than whole-body FFM,
regardless of the arm sectional area between subjects. Moreover, the LL-FFM is a relevant
variable for 1RM values when considering LL lifting weight capacity. However, the LL-
FFM variable did not achieve a higher power than the whole-body FFM for the correlation
with all resistance exercises. The FFM peripheral distribution (i.e., API) accounted for the
increase in the correlation coefficients for LC and LP45; therefore, the results suggest that
the greater the engagement of muscle mass for the execution of the exercise, the less the
regional influence of FFM seems to be.

Undoubtedly, monitoring 1RM values based on regional FFM is an alternative way
to control the muscle strength variation [8,29,30]. Moreover, a successful maximum lifted
weight during a standard 1RM test protocol presumes: (i) movement expertise and engage-
ment, (ii) soreness and injury possibilities, and (iii) changes in the weight lifted with the
difference in mechanical demand of similar exercises. These are the greatest constraints
for the testing protocol frequency and application to every exercise planned for train-
ing [29–31]. Therefore, the power of the interactions between maximum weight lifting
capacity with body composition parameters (i.e., body mass, fat-free body mass, regional
body area and volume, girth, and width) would provide confident references for 1RM
measurements, controlling muscle strength improvements, and organizing or revising the
overload during the training in accordance with the previous target weight and exercise
volume [7,9,10,20,32–34].

However, the literature has shown conflicting results for assessing 1RM using an-
thropometric and body composition variables, mainly when it is carried out with subjects
with differences in muscle strength. On the one hand, results showing that among trained
subjects, anthropometric variables (arm circumference and length) improved the reliability
(R2 changed from 0.87 to 0.90) of 1RM estimation in the bench press [10]. Additionally,
the predictive power (multiple regression coefficient, R2) of the anthropometric dimension
variables for 1RM estimates ranged from 0.52 to 0.87 for trained subjects [16,30]. Body
composition and anthropometry have been related to variations in muscle strength among
untrained subjects, but evidence of associations with 1RM were small to medium (Pear-
son’s coefficient ranging from 0.42 to 0.67), mainly for LL and UL multi-joint resistance
exercises [9,13,14,16].

Furthermore, 75.7% of the strength assessed in the bench press by trained men can be
explained by the variations in the cross-sectional area of the arm, BMI, and fat percentage,
with a standard error of 12.1 kg in the prediction [11]. In addition, the strength in the bench
press exercise, in populations of both sexes and varying strength levels, showed a high
correlation with the variable lean mass (0.77), and moderate correlations with height (0.59),
body weight (0.56), arm circumference (0.66), and chest circumference (0.60), although only
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the lean mass and submaximal load for 10RM estimated the bench press strength with
97.6% explanatory capacity [8].

Thus, the statement that highly trained athletes exhibit closer relationships between
anthropometric dimensions and weight lifted, and probably, the fewer joints and muscle
groups involved in a lift, the greater the predictive accuracy of maximum performance by
structural proportions [8], remain theories about the association between training devel-
opment and the responses in the body’s dimensions. The results from the current study
agree with this statement. Furthermore, we extend this assertion to exercises involving UL,
considering that the association was independent of arm area size, but increased with FFM
distribution in the upper limb. Moreover, for LL exercises, the control of 1RM values should
consider changes in whole-body FFM and its peripheral distribution between subjects.

The lack of research relating regional body composition to 1RM for single-joint resis-
tance exercises, contrast to those analyzing whole-body composition, anthropometry, and
sub-maximal lifted weight relationships to 1RM for multi-joint resistance exercises. For
example, the estimate of 1RM from a sub-maximal performance at 5RM or 10RM, with R2

ranging from 0.96 to 0.99, and SEE lower than 6 and 24 kg, respectively, for bench press
and leg press, has been widely accepted as the alternative reference to predicted maximal
muscle strength [30]. However, even when relying on submaximal muscle strength scores
to estimate 1RM, it is well recognized that the same intrinsic determinant, such as sex and
training status, can alter the maximum number of repetitions performed at certain fractions
of 1RM [20]. Moreover, each type of exercise prescribed in resistance training requires its
specific 1RM reference, and submaximal equations were not available to predict 1RM in
different single- or multi-joint resistance exercises. Indeed, athletes should not agree to
participate in time-consuming test procedures, or non-specific weight lifting, as these may
disrupt their training planning.

However, the lack of a comparable sample of subjects to perform cross-validation of the
present relationships hindered a better emphasis of the power of regional and whole-body
FFM to predict lifting abilities in single- and multi-joint exercises because reproducibility
and sensitivity were not evaluated. Nevertheless, the sample power for correlation analysis
was above 80%, which is satisfactory to prevent type II errors. Moreover, cross-validation
by applying the PRESS approach yielded values for R2

p and SEEp that were appropriate
to strengthen the demonstrated correlations. In addition, the standardized 1RM protocol
used in the current study may be a source of underestimation of the maximal strength
during the attempt to attained the heaviest load in a single lifting [4]. Despite the possible
underestimation of the actual maximal strength, this does not necessarily mean that a
heavy load was not attained during the last lifting attempt, and the attained load was
therefore ensured to be very close to the maximal one (i.e., >95% 1RM). Nonetheless, the
results should, strictly, be applied to the management of 1RM values in subjects who
met the following conditions: (a) expertise in the resistance exercise performance mode;
(b) engagement in resistance training for at least two years; and (c) UL-FFM, WB-FFM, and
arm cross-sectional area as adjustments to the observed correlation values.

5. Conclusions

The current findings evidenced the role of regional fat-free tissue for monitoring the
muscle strength development in specific body regions. This demonstrated that regional
FFM may be applied to parametrize muscle strength in different resistance exercises for
upper and lower limbs, and would explain rates of 81% and 75% for single-joint exercises,
respectively. As a suggestion to improve the reliance in these or other indices of regional
and whole-body composition, future analysis should focus on how maximal weight lifting
relates to fat-free tissue across randomized trials for both sexes, before and after intervention
with resistance exercises planned for muscle strength improvements in single- and multi-
joint exercises separately.

Author Contributions: Conceptualization, D.A.M., M.C.E., E.A.C., C.M.N. and D.M.P.F.; method-
ology, D.A.M., A.G.M., T.A.F.A., E.A.C., D.C.P.F. and D.M.P.F.; formal analysis, D.A.M., A.G.M.,

101



Int. J. Environ. Res. Public Health 2022, 19, 4020

T.A.F.A., M.C.E., F.J.S., E.A.C. and D.M.P.F.; investigation, D.A.M., A.G.M., T.A.F.A., M.C.E., F.J.S.,
E.A.C., D.C.P.F. and D.M.P.F.; supervision, M.C.E., F.J.S., E.A.C., C.M.N. and D.M.P.F.; data curation,
D.A.M. and D.M.P.F.; writing—original draft preparation, D.A.M., A.G.M., M.C.E., F.J.S., D.C.P.F. and
D.M.P.F.; writing—review and editing, D.A.M., A.G.M., T.A.F.A., M.C.E., F.J.S., E.A.C., C.M.N. and
D.M.P.F.; Visualization, D.A.M., A.G.M., T.A.F.A., M.C.E., F.J.S., E.A.C., D.C.P.F., C.M.N. and D.M.P.F.;
funding acquisition, A.G.M., T.A.F.A., M.C.E., F.J.S., E.A.C. and D.M.P.F. All authors have read and
agreed to the published version of the manuscript.

Funding: The authors would like to thank São Paulo Research Foundation—FAPESP (PROCESS
2016/04544-3) and Coordenação de Aperfeiçoamento de Pessoal de Nível Superior—Brazil (CAPES—
Finance Code 001) for the partial financial support. The collaboration of T.A.F.A. and E.A.C was
possible thanks to the scholarships granted by the CAPES, in the scope of the Program CAPES-PrInt,
process number 88887.310463/2018-00, Mobility number 88887.580265/2020-00 and International
Cooperation Project number 88887.572557/2020-00. This research was also funded by Foundation for
Science and Technology, I.P., Grant/Award Number UIDB/04748/2020.

Institutional Review Board Statement: The study considered the guidelines of the Declaration of
Helsinki and was submitted to the Local Ethics Committee of the University (CAEE: 19824719.3.0000.5398).

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

Data Availability Statement: The data that support the findings of this study are available from the
corresponding and last author (mario.espada@ese.ips.pt and dalton.pessoa-filho@unesp.br), upon
reasonable request.

Acknowledgments: The authors would like to thank the team of Laboreh (human performance
optimization laboratory) for the helpful participation in data sampling, as well as all participants in
the University Social Program: Sport Square Gymnasium (PROEX–UNESP-2020).

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

References
1. Fry, A.C. The role of resistance exercise intensity on muscle fiber adaptations. Sports Med. 2004, 34, 663–679. [CrossRef]
2. Giessing, J.; Eichmann, B.; Steele, J.; Fisher, J. A comparison of low volume ‘high-intensity-training’ and high volume traditional

resistance training methods on muscular performance, body composition, and subjective assessments of training. Biol. Sport 2016,
33, 241–249. [CrossRef] [PubMed]

3. Ciolac, E.G.; Rodrigues-da-Silva, J.M. Resistance training as a tool for preventing and treating musculoskeletal disorders.
Sports Med. 2016, 46, 1239–1248. [CrossRef] [PubMed]

4. Jaric, S. Muscle strength testing: Use of normalisation for body size. Sports Med. 2002, 32, 615–631. [CrossRef] [PubMed]
5. Ratamess, A.; Alvar, A.B.; Evetoch, T.K.; Housh, T.J.; Kibler, W.B.; Kraemer, W.J.J.; Triplett, N.T. ACSM Position Stand: Progression

models in resistance training for healthy adults. Med. Sci. Sports Exerc. 2009, 41, 687–708. [CrossRef]
6. Heyward, V.H. Advanced Fitness Assessment Exercise Prescription, 3rd ed.; Human Kinetics: Champaign, IL, USA, 1997.
7. Mayhew, J.L.; McCormick, T.P.; Piper, F.C.; Kurth, A.L.; Arnold, M.D. Relationships of body dimensions to strength performance

in novice adolescent male powerlifters. Pediatr. Exerc. Sci. 1993, 5, 347–356. [CrossRef]
8. Mayhew, J.L.; Piper, F.C.; Ware, J.S. Anthropometric correlates with strength performance among resistance trained athletes.

J. Sports Med. Phys. Fit. 1993, 33, 159–165.
9. Hortobágyi, T.; Katch, F.I.; Katch, V.L.; LaChance, P.F.; Behnke, A.R. Relationships of body size, segmental dimensions, and

ponderal equivalents to muscular strength in high-strength and low-strength subjects. Int. J. Sports Med. 1990, 11, 349–356.
[CrossRef]

10. Hetzler, R.K.; Schroeder, B.L.; Wages, J.J.; Stickley, C.D.; Kimura, I.F. Anthropometry increases 1 repetition maximum predictive
ability of NFL-225 test for Division IA college football players. J. Strength Cond. Res. 2010, 24, 1429–1439. [CrossRef]

11. Mayhew, J.L.; Ball, T.E.; Ward, T.E.; Hart, C.L.; Arnold, M.D. Relationship of structural dimensions to bench press strength in
college males. J. Sports Med. Phys. Fit. 1991, 31, 135–141.

12. Cummings, B.; Finn, K.J. Estimation of a one repetition maximum bench press for untrained women. J. Strength Cond. Res. 1998,
12, 262–265.

13. Scanlan, J.M.; Ballmann, K.L.; Mayhew, J.L.; Lantz, C.D. Anthropometric dimensions to predict 1-RM bench press in untrained
females. J. Sports Med. Phys. Fit. 1999, 39, 54–60.

14. Wood, L.E.; Dixon, S.; Grant, C.; Armstrong, N. Elbow flexion and extension strength relative to body or muscle size in children.
Med. Sci. Sports Exerc. 2004, 36, 1977–1984. [CrossRef]

15. Materko, W.; Neves, C.E.B.; Santos, E.L. Prediction model of a maximal repetition (1RM) based on male and female anthropomet-
rical characteristics. Braz. J. Sports Med. 2007, 13, 27–32. [CrossRef]

102



Int. J. Environ. Res. Public Health 2022, 19, 4020

16. Pereira, M.I.R.; Gomes, P.S.C. Muscular strength and endurance tests: Reliability and prediction of one repetition maximum—
Review and new evidences. Braz. J. Sports Med. 2003, 9, 336–346. [CrossRef]

17. Lemmer, J.T.; Martel, G.F.; Hurlbut, D.E.; Hurley, B.F. Age and sex differentially affect regional changes in one repetition maximum
strength. J. Strength Cond. Res. 2007, 21, 731–737. [CrossRef]

18. Nindl, B.C.; Harman, E.A.; Marx, J.O.; Gotshalk, L.A.; Frykman, P.N.; Lammi, E.; Palmer, C.; Kraemer, W.J. Regional body
composition changes in women after 6 months of periodized physical training. J. Appl. Physiol. 2000, 88, 2251–2259. [CrossRef]

19. Ramírez-Campillo, R.R.; Andrade, D.C.; Jara, C.C.; Olguín, C.H.; Lepin, C.A.; Izquierdo, M. Regional fat changes induced by
localized muscle endurance resistance training. J. Strength Cond. Res. 2013, 27, 2219–2224. [CrossRef]

20. Fleck, S.J.; Mattie, C.; Martensen, L.H.C. Effect of resistance and aerobic training on regional body composition in previously
recreationally trained middle-aged women. Appl. Physiol. Nutr. Metab. 2006, 31, 261–270. [CrossRef]

21. Pimenta, L.D.; Massini, D.A.; Santos, D.D.; Vasconcelos, C.M.T.; Simionato, A.R.; Gomes, L.A.T.; Pessôa, D.M. Bone health, muscle
strength and fat-free mass: Relationships and exercise recommendations. Rev. Bra. Med. Esporte 2019, 25, 245–251. [CrossRef]

22. Nana, A.; Slater, G.J.; Hopkins, W.G.; Burke, L.M. Techniques for undertaking dual-energy X-ray absorptiometry whole-body
scans to estimate body composition in tall and/or broad subjects. Int. J. Sport Nut. Exerc. Metabol. 2012, 22, 313–322. [CrossRef]
[PubMed]

23. Mayhew, J.L.; Prinster, J.L.; Ware, J.S.; Zimmer, D.L.; Arabas, J.R.; Bemben, M.G. Muscular endurance repetitions to predict bench
press in men of different training levels. J. Sports Med. Phys. Fit. 1995, 35, 108–113.

24. Baechle, T.R.; Earle, R.W. Weight Training: Steps to Success, 4th ed.; Human Kinetics: Champaign, IL, USA, 2012.
25. Ferguson, C.J. An Effect size primer: A guide for clinicians and researchers. professional psychology. Res. Pract. 2009, 40, 532–538.

[CrossRef]
26. Díaz, S.P.; Fernández, S.P. Determinación del tamaño muestral para calcular la significación del coeficiente de correlación lineal.

Unidad de Epidemiología Clínica y Bioestadística. Complexo Hospitalario Juan Canalejo. A Coruña (España) Cad Aten Primaria
2002, 9, 209–211.

27. Holiday, D.B.; Ballard, J.E.; McKeown, B.C. PRESS-related statistics: Regression tools for cross-validation and case diagnostics.
Med. Sci. Sports Exerc. 1995, 27, 612–620. [CrossRef]

28. Malek, M.H.; Housh, T.J.; Berger, D.E.; Coburn, J.W.; Beck, T.W. A new non-exercise-based Vo2max prediction equation for
aerobically trained men. J. Strength Cond. Res. 2005, 19, 559–565. [CrossRef]

29. Braith, R.W.; Graves, J.E.; Leggett, S.H.; Pollock, M.L. Effect of training on the relationship between maximal and submaximal
strength. Med. Sci. Sports Exerc. 1993, 25, 132–138. [CrossRef]

30. Reynolds, J.M.; Gordon, T.J.; Robergs, R.A. Prediction of one repetition maximum strength from multiple repetition maximum
testing and anthropometry. J. Strength Cond. Res. 2006, 20, 584–592. [CrossRef]

31. Abdul-Hameed, U.; Rangra, P.; Shareef, M.Y.; Hussain, M.E. Reliability of 1-repetition maximum estimation for upper and lower
body muscular strength measurement in untrained middle-aged Type 2 Diabetic patients. Asian J. Sports Med. 2012, 3, 267–273.
[CrossRef]

32. Dohoney, P.; Chromiak, J.A.; Lemire, D.; Abadie, B.R.; Kovacs, C. Prediction of one repetition maximum (1-RM) strength from a
4–6 RM and a 7–10 RM submaximal strength test in healthy young adult males. J. Exerc. Physiol. 2012, 5, 54–59.

33. Donges, C.E.; Duffield, R. Effects of resistance or aerobic exercise training on total and regional body composition in sedentary
overweight middle-aged adults. Appl. Physiol. Nutr. Metab. 2012, 37, 499–509. [CrossRef] [PubMed]

34. Abdelmoula, A.; Martin, V.; Bouchant, A.; Walrand, S.; Lavet, C.; Taillardat, M.; Maffiuletti, N.A.; Boisseau, N.; Duché, P.; Ratel, S.
Knee extension strength in obese and nonobese male adolescents. Appl. Physiol. Nutr. Metab. 2012, 37, 269–275. [CrossRef]
[PubMed]

103



International  Journal  of

Environmental Research

and Public Health

Article

Body Composition and Bioelectrical-Impedance-Analysis-
Derived Raw Variables in Pole Dancers

Giada Ballarin 1,2, Luca Scalfi 2, Fabiana Monfrecola 2, Paola Alicante 2, Alessandro Bianco 2, Maurizio Marra 3

and Anna Maria Sacco 2,*

����������
�������

Citation: Ballarin, G.; Scalfi, L.;

Monfrecola, F.; Alicante, P.; Bianco, A.;

Marra, M.; Sacco, A.M. Body

Composition and Bioelectrical-

Impedance-Analysis-Derived Raw

Variables in Pole Dancers. Int. J.

Environ. Res. Public Health 2021, 18,

12638. https://doi.org/10.3390/

ijerph182312638

Academic Editors: Rafael Oliveira

and João Paulo Brito

Received: 15 October 2021

Accepted: 25 November 2021

Published: 30 November 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Movement Sciences and Wellbeing, University of Naples “Parthenope”, 80133 Naples, Italy;
giada.ballarin001@studenti.uniparthenope.it

2 Department of Public Health, School of Medicine, Federico II University, 80131 Naples, Italy;
scalfi@unina.it (L.S.); fabiana.monfrecola@hotmail.it (F.M.); paola.alicante@unina.it (P.A.);
alessandrobianco92@gmail.com (A.B.)

3 Department of Clinical Medicine and Surgery, School of Medicine, Federico II University, 80131 Naples, Italy;
marra@unina.it

* Correspondence: annamaria.sacco@unina.it

Abstract: Few data are available on the body composition of pole dancers. Bioelectrical impedance
analysis (BIA) is a method that is used to estimate fat-free mass (FFM) and fat mass (FM), while
raw BIA variables, such as the impedance ratio (IR) and phase angle (PhA), are markers of body
cell mass and the ratio between extracellular and total body water. The aim of this study was to
evaluate the body composition of pole dancers compared to controls, in particular, those raw BIA
variables that are considered as markers of muscle composition. Forty female pole dancers and
59 controls participated in the study. BIA was performed on the whole body and upper and lower
limbs, separately, at 5, 50, 100 and 250 kHz. The FFM, FFM index, FM and body fat percentage (BF%)
were predicted. The bioelectrical impedance indexes IR and PhA were also considered. Pole dancers
exhibited higher FFMI and BI indexes and lower BF%. PhA was greater and IRs were smaller in pole
dancers than in controls for the whole body and upper limbs. Considering the training level, FFM,
whole-body IR and PhA were higher in the professionals than non-professionals. Raw BIA variables
significantly differed between the pole dancers and controls, suggesting a higher BCM; furthermore,
practicing pole dancing was associated with a greater FFM and lower FM.

Keywords: bioelectrical impedance analysis; muscle composition; phase angle; impedance ratio;
pole dance

1. Introduction

The evaluation of body composition is crucial not only for assessing nutritional
status in the general population but also for athletes for the monitoring of training
and performance.

Anthropometry and bioelectrical impedance analysis (BIA) are both field methods
that are widely used to assess the body composition of athletes [1]. In particular, BIA is a
simple, non-invasive technique that measures the electrical characteristics of the human
body, i.e., impedance (Z) and phase angle (PhA) (from those, resistance (R) and reactance
(Xc) can also be derived). Total body water (TBW), fat-free mass (FFM) and fat mass (FM)
can be estimated by means of predictive equations that include BIA variables and very
often other variables, such as age, height and body mass; some equations were specifically
developed for athletes. Since these specific equations [2–4] have not been definitively
validated, the BIA-derived estimation of body composition should be considered with
caution. In particular, the BIA method has an error of 4–8% compared to criterion methods,
which could be even more evident in athletes [3]. On the other hand, the BIA estimates
of body composition might give some interesting evidence on body composition on a
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groupwise basis. Of note, the bioimpedance index at 50 kHz (BI index = height2/Z at
50 kHz) is commonly considered as a logical predictor of FFM and TBW [5,6]. Finally, it
should be noted that BIA may be performed on the whole body but also separately for
upper limbs and lower limbs (segmental BIA), giving, at least in theory, the chance for
evaluating appendicular muscle mass [7–9].

Raw BIA variables, such as the impedance ratio (IR), which is the ratio between Z at
high frequencies and Z at low frequencies, and PhA at 50 kHz, are those that are directly
measured by an analyzer. Their assessment in sportspeople is motivated by the fact that IR
and PhA may be considered as potential markers of both body cell mass (BCM) and the
ratio between extracellular water and total body water (ECW/TBW ratio) [10–13]; in other
words, both these variables may give information on the electrical properties, as well as the
FFM composition and/or muscle composition. IR and PhA were related to muscle strength
and physical activity [14,15] as well, while in the first decades of life and elderly people
PhA was associated with muscle performance [16,17], isolated or grouped physical fitness
indicators [18,19], and cardiorespiratory fitness [20]. As reported in a recent systematic
review [21], it is still to be determined to what extent PhA differs between different sports
and due to training/untraining; some studies showed that mean whole-body PhA is higher
in athletes vs. controls [21,22], while, to the best of our knowledge, so far no data are
available on IRs in sportspeople and only limited data exists on segmental BIA [7–9,21,22].

With regard to sports activities, pole dancing is a type of functional training that
involves the use of a vertical pole to perform exercises and figures. A training session,
called a pole class, lasts between 60 and 90 min (possibly depending on training level) and
can be subdivided into three parts: warm-up and strengthening exercises are performed
first; then the specific tool figures are studied, with increasing difficulty of execution, while
cooldown exercises close the session. Pole dancing may be considered a moderate-intensity
cardiorespiratory endurance exercise that, if practiced regularly, leads to a significant
increase in aerobic capacity, resistance, flexibility, and motor coordination [23,24].

To the best of our knowledge, only a single study has evaluated the body composition
of female pole dancers, attributing an increase in postural strength and stability to the more
experienced athletes, but no changes in body composition [25]. Looking at similar sports,
rhythmic gymnasts exhibited lower body mass, body mass index (BMI) and skinfold thick-
ness compared to other athletes [26], while gymnasts had a reduced body fat percentage
(BF%) compared to controls with the same BMI [27,28]. Dancers had similar BF% but higher
levels of FFM and muscle mass than controls, whereas low values of FFM and fat mass
(FM) were observed in the case of underweight athletes [29]. Finally, in sedentary women,
a choreographed fitness group workout contributed to reducing FM and increasing muscle
mass [30].

Against this background, the aim of this cross-sectional study was to evaluate the
body composition of pole dancers (non-professional and professional athletes) compared to
controls, with a particular interest in the raw BIA variables that are thought to be markers
of FFM composition and/or muscle composition. In addition, a segmental BIA evaluation
was performed to explore the electrical characteristics of upper or lower limbs.

2. Methods

Forty female pole dancers and fifty-nine control young women participated in the
study. Pole dancers were recruited from among those going to two gyms in Naples (a
participation rate of 89%) and were non-professional performers (hereafter defined as
amateurs) (n = 33), who trained 2–4 h a week in two sessions (18–36 months of specific
training), and professionals (n = 7) who were pole dance trainers (at least 60 months and
more than 6 h a week of specific training). Controls (n = 59) were sedentary women (at
most 1 h of physical training twice a week) and were recruited from among the female
students attending the “Federico II” University of Naples. All subjects were healthy. The
Ethics Committee of the “Federico II” University of Naples approved the research protocol
and subjects gave their informed consent to participate in the study.
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The participants avoided physical exercise for 24 h before the measurement session
and were studied by the same operator following standard procedures. Data were collected
between March and April 2019 in four sessions for pole dancers and six sessions for controls
(data on ≥10 women were collected in each session). The general schedule was similar in
the two groups of pole dancers, with different intensities of training programs based on
their training level.

Body mass was measured to the nearest 0.1 kg using a platform beam scale and
height was measured to the nearest 0.5 cm using a stadiometer (Seca, Hamburg, Germany).
Participants were asked to remove shoes and heavy clothes prior to weighing. BMI was
then calculated as body mass (kg)/height2 (m2).

Height was measured according to standard procedures. The participants were asked
to stand up straight against the backboard with their body weight evenly distributed and
both feet flat on the stadiometer platform, while the head was in the Frankfort horizontal
plane [31].

Mid-arm circumference and triceps skinfold thickness (Holtain skinfold caliper) were
measured on both body sides and, subsequently, the arm muscle area (AMA), corrected for
the bone area, and arm fat area (AFA) were calculated as follows [32]:

AMA = [(Mid-arm Circumference − π × TSF) × 2/4π] − 6.5

AFA = Arm total area − AMA

BIA was performed using a HUMAN IM TOUCH multi-frequency analyzer (DS
MEDICA, Milan, Italy) in standardized conditions: ambient temperature between 23–25 ◦C,
fast for >3 h, empty bladder and supine position for 10 min. Data on Z at four different
frequencies (5, 50, 100 and 250 kHz) and PhA at 50 kHz were considered for the statistical
analysis. Precision resistors and capacitors (reference electronic circuits) were routinely
used for calibration. The reproducibility of the BIA was previously assessed in ten healthy
volunteers on subsequent days with a mean coefficient of variation of 1.5% for Z (at each of
the different frequencies considered) and 2% for the phase angle at 50 kHz.

The 250 kHz/5 kHz IR may be used as a proxy marker of fluid distribution and was
recently related by our group to mortality in patients with chronic obstructive pulmonary
disease [10,14]. Subjects were asked to lie down with their legs and arms slightly abducted
(~30◦) to ensure no contact between body segments. The measuring electrodes were placed
on the anterior surface of the wrist and ankle, and the injecting electrodes were placed on
the dorsal surface of the hand and the foot, respectively [13]. Segmental BIA was performed
using a six-electrode technique according to Organ [33].

Whole-body BI indexes were calculated as height2 divided by Z as markers of ECW
(Z at a low frequency of 5 kHz) and FFM (Z at high frequencies of 50, 100 or 250 kHz).
In addition, two other raw variables were measured for the whole body and upper or
lower limbs separately: (1) IR is commonly calculated as the ratio between Z at 200, 250
or 300 kHz and Z at 5 kHz [10]. In the present study, data were obtained for three ratios:
Z 50 kHz/Z 5 kHz (IR50/5), Z 100 kHz/Z 5 kHz (IR100/5), and Z 250 kHz/Z 5 kHz
(IR250/5). (2) PhA was measured at 50 kHz, as described in the literature. To the best of
our knowledge, there has been little interest in applied physiology and human nutrition
for evaluating the phase angle at frequencies other than 50 kHz. In all cases, mean values
for the dominant (D) and non-dominant (ND) body sides were considered for statistical
analysis to give more consistent results for the entire body. FFM was estimated using
the Sun equation [34], which is a well-known equation that was proposed for the general
population aged 12–94 years and which is also expected to perform well in young women
with a higher physical activity level but no very major changes in body composition.

Whole-body FFM was calculated as follows:

FFM = −9.53 + 0.69 × height2/resistance + 0.17 × body mass + 0.02 × resistance

where the resistance at 50 kHz was derived by multiplying Z by the cosine of PhA.
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Finally, FM was obtained from the difference between body mass and FFM, while the
fat-free mass index (FFMI) was calculated as FFM (kg)/height2 (m2).

Statistical Analysis

Data obtained during the routine examination of athletes or control subjects were
retrospectively retrieved. With a type I error rate of 0.05 and a type II error rate of 0.20,
a sample size of 85 subjects is required to determine whether a correlation coefficient of
0.3 differs from zero.

Results are expressed as mean ± standard deviation (with some exceptions, see below).
Statistical significance was pre-determined as p < 0.05. Effect size was calculated according
to Cohen [35].

All statistical analyses were carried out using the Statistical Package for Social Sciences
(SPSS Inc., Chicago, IL, USA) version 26. One-way analysis of variance was performed to assess
the differences between two groups (pole dancers vs. controls or amateurs vs. professionals).
Partial correlation was used to assess the relationships between the variables. The general
linear model (GLM) was used to assess how several variables affected the continuous
variables. From a practical point of view, it was used to compare the body composition
between groups after controlling for body mass; adjusted means ± standard errors were
provided by this statistical procedure.

3. Results

The general characteristics of the study groups are summarized in Table 1. Despite no
difference in body mass and BMI, the pole dancers exhibited lower BF% compared to the
controls (−14%). Correspondingly, the AMA was significantly greater and the AFA was
smaller in the pole dance than in the control group (Table 1).

Table 1. Individual characteristics and body composition in female pole dancers and controls.

Pole Dancers
(n = 40)

Controls
(n = 59) p-Value Cohen’s d

Age (years) 27.4 ± 5.1 26.8 ± 4.7 0.561 0.12

Body mass (kg) 57.0 ± 6.9 58.6 ± 6.4 0.225 0.24

Height (cm) 160.3 ± 5.1 161.9 ± 4.9 0.139 0.32

BMI (kg/m2) 22.2 ± 2.3 22.3 ± 1.8 0.747 0.05

Fat-free mass, FFM (kg) 43.5 ± 3.5 43.0 ± 3.1 0.448 0.15

Fat-free mass index, FFMI (kg/m2) 16.9 ± 1.1 16.4 ± 0.8 0.007 * 0.52

Fat mass, FM (kg) 13.5 ± 4.3 15.6 ± 4.1 0.013 * 0.50

Percentage body fat, BF% 23.2 ± 4.7 26.3 ± 4.4 0.001 * 0.74

Arm muscle area D, AMA (cm2) 52.5 ± 9.4 48.9 ± 8.9 0.060 0.39

Arm fat area D, AFA (cm2) 2.0 ± 0.5 2.2 ± 0.8 0.047 * 0.30

Arm muscle area ND, AMA (cm2) 51.8 ± 10.4 48.0 ± 8.4 0.045 * 0.40

Arm fat area ND, AMA (cm2) 2.0 ± 0.6 2.2 ± 0.7 0.098 0.31

Data are expressed as mean ± standard deviation. * p < 0.05. BMI—body mass index. FFM and FM were
estimated from the BIA; AMA was corrected for bone area. D—dominant side and ND—non-dominant side of
the body. Effect size: Cohen’s d ≤ 0.2 = small, 0.2 < d ≤ 0.5 = small to medium, 0.5 < d ≤ 0.8 = medium to large,
d > 0.8 = large.

As for the raw BIA variables, the whole-body and upper limb Z values were lower in the
pole dancers than in the controls; for instance, Z at 250 kHz was 485 ± 50 vs. 519 ± 38 kHz
and 240 ± 28 vs. 271 ± 20 kHz, respectively (d = 0.39 and d = 0.72; p < 0.001), with
small differences (<2%) between the D and ND body side. Furthermore, Table 2 indicates
that the BI indexes at 5, 50, 100 and 250 kHz were higher in the pole dancers than in the
controls (+4.3, +4.9, +5.3 and +5.3%, respectively). These differences in the mean values
of different Z and BI indexes persisted after adjusting for age and mass (data not shown).
After controlling for groups, a partial correlation indicated that whole-body BI indexes
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were associated with AMA (r > 0.450 for 50, 100 and 250 kHz vs. r = 0.416 for 5 kHz) but
not with AFA.

Table 2. Bioimpedance indexes, impedance ratios and phase angles that were measured for the whole
body and upper and lower limbs in female pole dancers and controls.

Pole Dancers
(n = 40)

Controls
(n = 59) p-Value Cohen’s d

Bioimpedance Index (Ω)

Whole body 5 kHz 41.1 ± 4.2 39.4 ± 3.8 0.043 * 0.42

50 kHz 46.8 ± 4.9 44.6 ± 4.1 0.018 * 0.49

100 kHz 49.7 ± 5.3 47.2 ± 4.3 0.013 * 0.52

250 kHz 53.5 ± 5.7 50.8 ± 4.6 0.011 * 0.52

Impedance Ratio

Whole body Z 50/Z 5 kHz 0.878 ± 0.014 0.883 ± 0.014 0.060 0.36

Z 100/Z 5 kHz 0.827 ± 0.017 0.835 ± 0.017 0.039 * 0.47

Z 250/Z 5 kHz 0.768 ± 0.018 0.775 ± 0.018 0.058 0.39

Upper limbs Z 50/Z 5 kHz 0.887 ± 0.013 0.897 ± 0.015 <0.001 * 0.71

Z 100/Z 5 kHz 0.837 ± 0.016 0.852 ± 0.018 <0.001 * 0.88

Z 250/Z 5 kHz 0.769 ± 0.019 0.783 ± 0.020 <0.001 * 0.72

Lower limbs Z 50/Z 5 kHz 0.867 ± 0.018 0.865 ± 0.018 0.451 0.13

Z 100/Z 5 kHz 0.816 ± 0.022 0.814 ± 0.021 0.718 0.09

Z 250/Z 5 kHz 0.771 ± 0.025 0.769 ± 0.024 0.765 0.08

Phase Angle (◦)

Whole body 6.07 ± 0.56 5.85 ± 0.56 0.063 0.39

Upper limbs 5.27 ± 0.59 4.76 ± 0.56 <0.001 * 0.89

Lower limbs 7.05 ± 0.70 7.06 ± 0.69 0.974 0.01

Data are expressed as mean ± standard deviation. * p < 0.05. BI index—bioimpedance index (height2/Z),
IR—impedance ratio, PhA—phase angle. Cohen’s d ≤ 0.2—small, 0.2 < d ≤ 0.5—small to medium,
0.5 < d ≤ 0.8—medium to large, d > 0.8—large.

As shown in Table 2, PhA was greater in pole dancers than in controls by 3.8% for the
whole body (d = 0.39 and p = 0.063) and by 10.7% for upper limbs (d = 0.89 and p < 0.001),
whereas there was no difference for lower limbs. IRs were lower in the pole dance group
than in the control group, again more markedly for upper limbs (Table 2). The differences
for upper limbs were still found in both cases even after controlling for age and body mass.
In particular, multiple regression analysis indicated age and body mass as predictors of
IR250/5 (for the whole model: R2 = 0.117, F(2,87) = 6.83, p = 0.002) and PhA (R2 = 0.053,
F(2,87) = 5.90, p = 0.017). Of note, no relationships were detected between IRs or PhA and
body composition.

There was no significant association of PhA or IRs with height, mass, BMI, FFM, FM,
AMA or BI indexes (p > 0.20, data not shown). On the other hand, after adjusting for
groups, a partial correlation indicated a moderate association between the upper limb and
lower limb values of PhA (r = 0.463), IR50/5 (r = 0.538), IR100/5 (r = 0.531) and IR250/5
(r = 0.514).

With respect to the training level, professional and amateur pole dancers did not differ
in terms of body mass (55.6 ± 4.2 vs. 57.3 ± 7.3 kg) and BMI (22.0 ± 2.3 vs. 22.2 ± 2.3 kg/m2).
The GLM indicated that, after adjusting for body mass, FFM (mean ± SEM,
45.3 ± 0.6 vs. 43.7 ± 0.3 kg, p = 0.024) was greater in the more trained than in the less
trained athletes, while BF% was smaller (21.4 ± 11.1 vs. 24.2 ± 0.5%, p = 0.023, respectively).
In particular, multiple regression analysis was used to test whether training level and body
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mass significantly predicted participants’ FFM and BF%. The results indicated that the two
predictors explained 75% of the total variance for FFM (R2 = 0.75, F(2,86) = 130.9, p < 0.001)
and 64% of the total variance for BF% (R2 = 0.64, F(2,86) = 78.0, p < 0.001).

Turning to raw BIA variables, whole-body PhA and IRs were higher, but not signifi-
cantly (d between 0.5 and 0.8; p between 0.05 and 0.10), in the professional athletes than in
the amateur athletes (Table 3). More evident differences (Figure 1) emerged for the upper
limbs: the professional pole dancers had significantly smaller IRs and greater PhA than the
amateur athletes and controls, and the same was true when amateurs were compared to
the controls (d = 0.99 and p < 0.05). After taking into consideration the training level as a
predictor, no significant relationships were found between IRs or PhA and body mass or
body composition.

Table 3. Bioimpedance index, impedance ratio and phase angle measured for the whole body and
upper and lower limbs in amateur and professional pole dancers.

Professional
Pole Dancers

(n = 7)

Amateur
Pole Dancers

(n = 33)
p-Value Cohen’s d

Impedance Ratio

Whole body Z 50/Z 5 kHz 0.869 ± 0.015 0.879 ± 0.014 0.079 0.70

Z 100/Z 5 kHz 0.817 ± 0.018 0.830 ± 0.016 0.072 0.76

Z 250/Z 5 kHz 0.756 ± 0.021 0.771 ± 0.018 0.058 0.77

Upper limbs Z 50/Z 5 kHz 0.875 ± 0.010 0.889 ± 0.013 <0.001 * 1.2

Z 100/Z 5 kHz 0.824 ± 0.014 0.840 ± 0.015 <0.001 * 1.1

Z 250/Z 5 kHz 0.753 ± 0.018 0.772 ± 0.018 <0.001 * 1.1

Lower limbs Z 50/Z 5 kHz 0.863 ± 0.021 0.868 ± 0.018 0.463 0.26

Z 100/Z 5 kHz 0.810 ± 0.025 0.817 ± 0.021 0.435 0.30

Z 250/Z 5 kHz 0.763 ± 0.030 0.772 ± 0.025 0.355 0.33

Phase Angle (◦)

Whole body 6.37 ± 0.57 6.00 ± 0.55 0.117 0.66

Upper limbs 5.66 ± 0.56 5.19 ± 0.56 0.041 * 0.99

Lower limbs 7.11 ± 0.80 7.04 ± 0.70 0.821 0.09

Data are expressed as mean ± standard deviation. BI index—bioimpedance index calculated as height2/Z.
* p < 0.05. Cohen’s d ≤ 0.2—small, 0.2 < d ≤ 0.5—small to medium, 0.5 < d ≤ 0.8—medium to large, d > 0.8—large.
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Figure 1. Impedance ratio Z 250 kHz/Z 5 kHz and phase angle at 50 kHz in amateur or professional
pole dancers compared to control women. * p < 0.05 vs. controls ** p < 0.05 vs. amateurs and controls.

110



Int. J. Environ. Res. Public Health 2021, 18, 12638

4. Discussion

In the present study, raw BIA variables that may be considered as markers of FFM
composition and/or muscle composition significantly varied between female pole dancers
and controls, showing different electrical characteristics of the body and suggesting higher
BCM; in addition, pole dancers exhibited lower BIA-derived FM and BF%.

We performed a cross-sectional study on a relatively large group of pole dancers
compared to sedentary controls, bearing in mind that the effects of this type of training
on body composition have so far been poorly explored [25]. Unfortunately, there was no
information regarding participants’ body composition before starting the training. Indeed,
in light of the difficulties in carrying out long-term intervention studies, the present cross-
sectional study is expected to provide some preliminary insights regarding the effect of
pole dancing on body composition.

Body composition was assessed using BIA, which is a technique that is widely used
in athletes [1]. Since the specific equations developed for athletes [2–4] have not been
definitively validated [3,13], BIA-derived estimation of body composition should be con-
sidered with caution. In particular, the BIA method has an error of 4–8% compared to
criterion methods, which could be even more evident in athletes [3]. On the other hand,
the BIA estimates of body composition might give some evidence on body composition on
a groupwise basis. In the present study, the Sun equation was chosen to predict FFM [34];
this formula was developed in a large sample of healthy subjects using a multicomponent
model, it is widely used, and it is expected to also perform well in young women with a
higher physical activity level but no major changes in body composition.

Thus, we looked first at BIA-derived estimates of body compartments. Despite having
similar body mass and BMI, pole dancers had lower FM and BF% compared to the controls.
These findings are in agreement with those reported in previous cross-sectional studies
that showed higher FFM and smaller FM in female gymnasts and dancers [26–28]. Of note,
the study by Nawrocka et al. [25] on the body composition of pole dancers did not include
a control group. Overall, our results suggest a significant, but small effect of pole dance
training on body composition, with a moderate to high effect size for BF% (d = 0.74 and
p = 0.001).

As an alternative approach, IRs and PhA (for the whole body and upper and lower
limbs, separately) were directly (no predictive equations used) determined in pole dancers
and controls as a qualitative approach to body composition analysis [13]. Both those raw
BIA variables may be effective in exploring FFM composition and muscle composition
in terms of the electrical characteristics of tissues, as well as BCM and the ECW/TBW
ratio [10–13]. Interestingly, IRs and PhA have also been associated with muscle strength
and physical activity [14,15,19]. A few cross-sectional studies showed that mean whole-
body PhA is higher in athletes vs. controls, while, to the best of our knowledge, no data so
far are available on IRs [21]; of note, a recent paper showed, as expected, a high correlation
between IRs and PhA [19]. In addition, it is still to be determined to what extent IR and/or
PhA may vary between different sports and with training/untraining [13,21]. Facing this
background, although in our experience data on IR or PhA are very reproducible, the use
of these BIA variables in longitudinal studies or single athletes should be better defined
and considered with caution.

IR is commonly calculated as the ratio between Z at high frequency and Z at low
frequency [10]. The ratio between Z at 200 kHz and Z at 5 kHz (IR200/5) is widely used
but still not formally indicated as the only one to be taken into consideration. Results on
three different IRs are reported here, with IR250/5 being very close to IR 200/5. The three
IRs were all slightly smaller in the pole dance group compared to the control group. At first
glance, these differences in IRs were small in percentage terms, but relevant when compared
to the corresponding standard deviations. For instance, the difference in IR250/5 was
0.007, while the pooled standard deviation was 0.019 (d = 0.39 and p = 0.058). Regarding
another raw BIA variable, whole-body PhA, which was measured at 50 kHz, as commonly
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described in the literature [10,21], was only slightly higher in pole dancers compared to
controls (low size effect). Overall, only minor changes were observed for the whole body.

It is clear that segmental BIA, as performed on upper limbs and lower limbs sepa-
rately, may give, at least in theory, the chance to evaluate appendicular muscle mass more
directly [7–9]. Few previous papers have performed this type of measurement in athletes;
they, for instance, showed greater PhA for both lower and upper limbs in female volleyball
players compared to controls [8]. Our study yielded some results of interest: lower limb
IRs and PhA did not differ between the groups, while a marked difference emerged for
upper limbs (d = 0.72 and p < 0.001 and d = 0.89 and p < 0.001, respectively), suggesting
some effects of pole dancing on different muscle groups. Of note, those differences per-
sisted after adjusting for age plus body mass or plus body composition. Thus, segmental
measurement seemed to be effective in detecting differences in raw BIA variables, which
should be examined in detail by further studies that consider various types of training and
use different criterion methods for assessing body composition.

Even if the interpretation of data on professional dancers (Table 3) should be discussed
with caution due to the limited sample size, some stimulating findings emerged: compared
to amateurs, they had lower IRs and higher PhA for the upper limbs, suggesting a possible
relationship between workout volume and the electrical characteristics of muscle. In
addition, smaller IRs and greater PhA for upper limbs were still observed in amateur
athletes compared to the controls (Figure 1).

Athletes and controls were studied in standardized conditions by a single experienced
operator, while BIA was performed on both body sides to ensure a more reliable assessment
of the electrical characteristics of the body. A large proportion of the pole dancers going to
two different gyms participated in the study, while control women were selected among
those who were enrolled in a study on university students who did low amounts of
physical activity.

Indeed, there are limitations to the study that should be considered. It was a single-
center cross-sectional study in which body composition was evaluated by means of a field
method. Furthermore, we specifically focused on the assessment of raw BIA variables,
such as IR and PhA, that are markers of FFM composition or muscle composition and
cannot easily be compared with a proper criterion technique. In addition, there was
no information regarding participants’ body composition before starting the training,
and it was not possible to carry out a very accurate evaluation of the strengthening or
conditioning workouts.

5. Conclusions

In conclusion, care must be taken not to overinterpret the results of the present study.
The main findings were that raw BIA variables that may be considered as markers of FFM
composition or muscle composition significantly differed between female pole dancers
and controls, suggesting higher BCM, as well as a lower ECW/TBW ratio; in addition,
practicing pole dancing is associated with lower FM and BF%.

Differences in PhA and IRs may suggest modifications in the electrical characteristics
of the body that seem to be more marked for the upper limbs and possibly in professional
than amateur athletes and that was similar for the three IRs considered. These findings are
in line with the literature describing changes in raw BIA variables and body composition
due to regular physical exercise [8,9,21,22]. Further studies, especially intervention studies,
are needed to define the best approach to use BIA in order to measure raw BIA variables
and possibly track changes in the body composition of athletes with time.
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