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Tomás González-Fernández and Markel Rico-González et al.
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Preface to ”Women in Sports and Exercise: From
Health to Sports Performance”

The creation of a consolidated body of knowledge about women’s participation in sports and

exercise should be prioritized, since the great majority of research in sports is still conducting

in men. Despite a call for equity, consistent findings and research about women’s physiology,

performance, and response to exercise are still needed to increase the capacity to understand the

specific opportunities to adjust the training process to women. The understanding of biological

mechanisms and interactions with training load, recovery, and performance is determinant for

increasing consolidated evidence. Therefore, this Special Issue provided more information about

the impact of exercise and sports activities on women, allowing further advances in sports sciences

and exercise.

Filipe Manuel Clemente, Ana Filipa Silva

Editors
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Morning versus Evening Intake of Creatine in Elite Female
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Abstract: A great deal of evidence has been gathered on the use of creatine as an ergogenic supple-
ment. Recent studies show greater benefits when creatine ingestion is performed close in time to
training, but few studies tackle the way that circadian rhythms could influence creatine consumption.
The aim of this study was therefore to observe the influence circadian rhythms exert on sports
performance after creatine supplementation. Our method involved randomly assigning fourteen
women players of a handball team into two groups in a single-blind study: one that consumed the
supplement in the morning and one that consumed it in the evening, with both groups following a
specific training program. After twelve weeks, the participants exhibited a decreased fat percentage,
increased body weight and body water, and improved performance, with these results being very
similar in the two groups. It is therefore concluded that, although circadian rhythms may influence
performance, these appear not to affect creatine supplementation, as creatine is stored intramuscularly
and is available for those moments of high energy demand, regardless of the time of day.

Keywords: woman; female; sports training; sports performance; creatine; circadian rhythms;
sports performance

1. Introduction

Dietary supplements are a common strategy for achieving improved health status and
benefiting athletic performance [1]. Extensive research has been conducted on the different
types of ergogenic dietary supplements used in sport and their benefit for performance,
with creatine (Cr), particularly Cr monohydrate, being one of the most widely studied and
one with the most evidence [2].

Cr is a compound that is synthesised in the liver, kidneys, and pancreas from the
amino acids glycine, arginine, and methionine [3], but it can also be obtained through the
diet by eating meat and fish, and it is also, in small amounts, found in some vegetables. Its
absorption is favoured by the consumption of simple carbohydrates, and it accumulates
mainly in skeletal muscle (95%), where 40% is in free form and 60% is in the form of
phosphocreatine [4]. Under resting conditions, adenosine triphosphate (ATP) is formed
in the mitochondria from adenosine diphosphate (ADP) through the process of oxidative
phosphorylation. In muscles, ATP is used by the enzyme phosphorylcreatine kinase (CK) to
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convert Cr to Cr phosphate. This enzyme can reverse the reaction to obtain additional ATP,
making Cr phosphate a temporary store of ATP under high energy demand conditions [5].

The importance of this compound lies in the fact that it provides energy when used in
the resynthesis of ATP, giving it ergogenic potential (when consumed as a supplement),
improving performance in athletes, specifically in high-intensity, short-duration exercise,
increasing power and strength and improving body composition [4,5].

Although several studies have attempted to elucidate whether the best time to ingest
Cr is before or after training [6], the results showed greater benefits when Cr was ingested
close to the training sessions due to the increased blood flow, with significant improvements
seen with post-training consumption [7] due to the fact that Cr can increase glycogen
formation in the muscle and increase insulin sensitivity [8].

Another aspect to take into account when scheduling both training and sports sup-
plementation is circadian rhythms. The time at which the physical activity is performed is
another variable to consider, as a number of physiological changes occur that could affect
sporting performance [9]. Therefore, based on the premise that an increase in body temper-
ature seems to be strongly related to physical performance, the peak of body temperature
coincides with the time of greatest activity and can cause variations in cardiorespiratory
rate and muscle strength [10]. These variations are the result of the physiological, metabolic,
and psychological rhythms synchronizing; the peak of these rhythms being in the early af-
ternoon, when muscle hypertrophy increases due to increased hormone and growth factor
binding protein levels (IGFBP-3). In addition to the increased muscle repair that results
from elevated levels of creatine kinase and homocysteine, there are increased levels of
antioxidant activity [9,11]. This may be influenced by the consumption of certain ergogenic
substances used in sports supplements, which may enhance the ergogenic effect [12].

In view of the above, the aim of this study was to elucidate whether circadian rhythms
could influence the ergogenic effect of Cr supplements by testing whether evening or
morning intake improved athletic performance more in elite female athletes.

Therefore, it was hypothesized that Cr supplementation would improve the per-
formance of female handball players regardless of a possible influence of the circadian
rhythm.

2. Materials and Methods
2.1. Design

A randomized clinical trial was conducted on 14 female handball players competing
in the highest national category. The study was designed according to the Consolidated
Standards of Reporting Trials (CONSORT), with the appropriate adaptations (Table S1—
CONSORT Checklist).

The effect Cr monohydrate supplements had on improving the performance of the
players was evaluated by randomizing the sample into two groups, where half trained
and took Cr in the morning (morning group) and the other half in the evening (evening
group) for a period of twelve weeks, according to the protocol described below. All the
variables were measured at baseline (week 0) and at the end of the intervention programme
(week 12).

2.2. Participants

For this study, professional players were chosen from a women’s handball team
playing in the top Spanish league in the 2020/2021 season.

The inclusion criteria were the following: (1) age between 18 and 35 years; (2) posses-
sion of a federation membership in their club; (3) not suffering from any type of illness or
injury that would prevent them from participating in the study. These inclusion criteria
were verified through personal interviews.

Taking into account the possible influence an altered hormonal secretion could have on
circadian rhythm, and that menstrual cycle could have influenced the sports performance
of the players [9], information about the menstrual status of participants was collected.
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They all presented physiologically normal periods without alterations. Furthermore, only
one participant indicated taking oral contraceptives. The type of contraceptives was
monophasic oral contraceptive with 3 mg of drospirenone and 0.02 mg ethinylestradiol.

2.2.1. Ethical Aspects

The participants recruited were briefed on the protocol and objective of the study, and
they signed a mandatory written consent prior to the start of the research. The study was
conducted in accordance with the Declaration of Helsinki [13], and the project protocol was
approved by the Cordoba Provincial Research Ethics Committee on 26 April 2021, with
code ARS2921.

2.2.2. Randomisation

The participants were randomly selected and assigned to two groups using the web
page https://www.randomlists.com/team-generator (accessed on 30 April 2021): one
group of which took the Cr supplement and trained in the morning and the other in the
evening. The participation of a control group that did not consume the Cr supplement was
not considered necessary given the high level of scientific evidence that exists on how Cr
improves performance [2,14,15].

2.3. Intervention Procedure

The Cr monohydrate supplement was distributed to the participants by one of the
researchers who explained how they should take it. They were instructed to dilute it in
250 mL of water and consume it after strength training according to their assigned group
(morning or evening) or at the same time if they had a rest day.

The intake protocol consisted of a 5-day loading phase with a standard intake of
0.3 g·kg−1·day−1, followed by a maintenance phase with 0.03 g·kg−1·day−1 [8] after morn-
ing or evening training according to the assigned group, in order to achieve higher phos-
phocreatine reserves in skeletal muscle [15].

2.4. Training Protocol

In terms of training, all the participants generally carried out specific technical–tactical
handball training sessions five days a week, each lasting an hour and a half. In addition, the
participants underwent specific strength training and performed in the morning or in the
evening, depending on the assigned group, supervised by a Physical Activity and Sports
Science technician three times a week for at least one hour in which they worked on a “full-
body” routine, performing 4 sets of 12 repetitions at 70% of one repetition maximum (1RM)
of the following exercises: squats, bench press, dead weight, front pull-up, and military
press. The 70% 1RM was estimated with a linear position transducer (encoder) (Speed4Lift
v.4.1, Speed4Lift, Madrid, Spain) during the warm-up. In addition, at the weekend they
played a competitive match lasting one hour (30 min each half). This frequency of training
and matches was carried out throughout the season, regardless of the intervention.

2.5. Dietary Guidelines

As the diet of the players could affect energy metabolism during exercise, the partici-
pants were given nutritional guidelines to ensure that, during the study, they followed a di-
etary pattern with the following macronutrient distribution: 5.0 g·kg−1 fat-free mass·day−1

carbohydrate, 2.5 g·kg−1 fat-free mass·day−1 protein, and 1.0 g·kg−1 fat-free mass·day−1

fat [16]. Before starting the intervention, a nutritional session was carried out with the
guidelines of the diet by exchanges. They were given tables of food groups and rations per
exchange, calculated from their body weight. Thus, for 10 g of each macronutrient, there
was 1 exchange of the food groups that contained this macronutrient in the majority, accord-
ing to Russolillo et al. [17]. They were also explained the nutritional tool The Athlete’s Plate,
a guide to sports meals created by dietitians of the United States Olympic Committee. With
this tool, the athletes could modify the size of portions and servings of each food group
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according to the duration and intensity of their training [18]. All participants followed an
omnivore dietary pattern and a Mediterranean diet.

Moreover, all the participants were instructed to refrain from consuming other er-
gogenic substances while they were participating in the study. During training sessions
and matches this could be verified by the researchers.

2.6. Study Variables
2.6.1. Body Composition and Anthropometric Measurements

The anthropometry and body composition of all the participants were measured at
the beginning and end of the study, following the protocol established by the International
Society for the Advancement of Kineanthropometry (ISAK) [19]. The participants’ height
was measured (Seca 214 portable stadiometer; Seca, Hamburg, Germany), as was their body
composition, using bioelectrical bioimpedance analysis (Tanita MC-780MA; Tanita Corpo-
ration, Tokyo, Japan). The participants received specific indications for the standardization
of the measurement [20].

Arm circumference was measured using a non-elastic flexible tape measure (Cescorf
Scientific model, sensitivity 0.1 mm, Rio Grande do Sul, Brazil) and skinfold thickness
with a plicometer (Holtain DIM-98.610ND, sensitivity 0.2 mm, Crymych, UK), measuring
in defined areas, always avoiding muscle. The anthropometric measurements consisted
of three skinfolds and the circumference of the triceps muscle of the dominant arm, with
this at rest and parallel to the body [20]. All the anthropometric measurement data were
collected by an ISAK certified technician (J.M.J-C.) with a technical measurement error of
0.57%. The technical error of measurement was within 5% agreement for skinfolds and
within 1% for circumferences.

2.6.2. Lower Body
Back Squat Muscle Strength (One Repetition Max Test)

The 1RM test for the back squat was assessed on a Smith machine (Technogym,
Barcelona, Spain), which ensured verticality. Each participant stopped after the eccentric
phase (between 1 and 1.5 s), with the bar resting on a support that limited the countermove-
ment, allowing greater control and reproducibility of the measurement in the concentric
phase. The protocol used has been described previously [21].

The participants were instructed to refrain from any exercise other than their daily
activities for at least 72 h before the measurement tests.

All the participants performed a general warm-up prior to the test, consisting of 7 to
10 min of light to moderate cardiovascular exercise until 75% of maximum heart rate was
reached and maintained (Polar H10, Kempele, Finland). The players then performed an
exercise-specific warm-up set for 12 to 15 repetitions at approximately 40% of the partici-
pants’ perceived 1RM, with a load progression for each exercise of 3 to 6 load increments.
Increments at each load were approximately 10% of 1RM until an average propulsive speed
of 0.5 m·s−1 was reached, followed by increments of 5 to 10 kg until 1RM was achieved.
The speed was controlled by means of a linear position transducer (encoder) (Speed4Lift
v.4.1, Speed4Lift, Madrid, Spain), with a coefficient of variation (2.61%) with respect to the
gold standard (V120: Trio; OptiTrack, NaturalPoint, Inc., Corvallis, OR, USA) [22].

The participants were urged to perform at their maximum speed in the concentric
phase of each repetition to ensure the use of maximum muscle strength. A rest interval
of three to five minutes was allowed between each successive attempt. For the test to be
considered successful, each participant stood with their feet shoulder width apart and the
bar at their shoulder blades with their hands gripping the bar, then flexed their knees to 90◦,
followed by extension to the original standing position [23]. The technique was observed
by the researchers to verify that the exercise was being carried out correctly.
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Power (Countermovement Jump)

After a three-minute rest, a specific warm-up consisting of three countermovement
jumps (CMJ) at a moderate intensity (60–70% of perceived maximum performance) was
performed. Subsequently, with two minutes rest in between, three CMJs were performed,
with a recovery period of 45 s between jumps, observed by an evaluator who stood at
a distance of 1.5 m in the frontal plane to monitor correct execution of the jump and to
record the maximum height (cm) reached in the three attempts [24]. The participants were
instructed to start each jump in a squatting position, with their knees bent at a 90◦ angle,
while keeping their hands on their hips with their trunk upright, taking care not to interrupt
the movement from the start of the jump to the end. The height reached was recorded
using an infrared measurement sensor (ADR jumping, Ciudad Real, Spain) provided by
the Department of Nursing, Pharmacology, and Physiotherapy at the Faculty of Medicine
and Nursing (University of Cordoba).

2.6.3. Upper Body
Muscle Strength (Medicine Ball Throws)

To assess the strength of the extensor muscles in the upper limbs, a standing medicine
ball throw test was used (weight of ball: 5 kg). Prior to the start of the test, a two-minute
warm-up was performed involving joint mobility exercises (flexo-extension and shoulder
circumduction) as well as three ball throws at submaximal intensities (40, 60, 80% intensity,
respectively). For this technique, the participants had to stand behind a line with their feet
shoulder-width apart and throw the ball with both hands behind their heads. To perform
this throw correctly, they had to bend their legs and extend their trunk to give themselves
momentum, as well as extending their heels without taking their feet off the ground. This
test was repeated three times, with a 30 s break in between, with the distance achieved (cm)
for each throw being noted [25].

Grip Strength (Dynamometry)

Using a calibrated handgrip dynamometer (Takei TKK 5001, Takei Scientific Instru-
ments Co. Ltd., Niigata, Japan), three maximal voluntary isometric contractions were
measured to determine grip strength with the right and left hands, respectively [26]. To
measure this correctly, the participants had to stand with their arm parallel to the body
with their hand in a neutral position.

2.7. Sample Size

As the 1RM back squat was one of the main outcomes for this study, the sample size
was determined by calculating the statistical power based on a previous study [27], with
a power of 0.80 and a two-tailed α level set to 0.05; the minimum number of participants
required to detect a 10% difference in 1RM back squat performance was estimated as 14.

2.8. Statistical Analysis

We ran a Shapiro–Wilk test for normality of variables and Levene’s test for equality of
variances with a normal distribution of two groups as result. We then compared the mean
results between the baseline measurements for the two groups (morning and evening)
using a Student’s t-test. To compare baseline and final measurements, a repeated-measures
test with the group as a fixed factor was carried out. The effect size (ES) of the repeated
measures test was calculated using partial eta squared (η2

p), with small considered to be
under 0.25, medium as 0.26–0.63, and large above 0.63 [28]. A difference-in-difference (DD)
analysis was performed to compare the changes in the intervention between the morning
and evening groups. For the results to have practical significance of DD analysis, the
relative ES was calculated as Hedge’s g [29] with its corresponding confidence interval (CI).
The ES was considered to be large (ES > 0.8), moderate (ES = 0.8 to 0.5), small (ES = 0.5 to
0.2), or trivial (ES < 0.2). The results are expressed as the mean ± the standard deviation or
the mean relative differences (∆). The level of statistical significance was set as p < 0.05. All
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the statistical treatments were carried out using SPSS software version 25 (IBM Corp. IBM
SPSS Statistics for Windows, Version 25.0 Armonk, New York, NY, USA).

3. Results

Fourteen female players completed the study and were included in the analyses, seven
in the morning group (25.71 ± 3.90 years; 173.86 ± 6.47 cm) and seven in the evening group
(22.71 ± 3.90 years; 169.43 ± 7.55 cm). Two participants (one in the morning group and one
in the evening group) decided not to proceed with the intervention (Figure 1).
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No significant differences (p > 0.05) were observed in body composition or in any
study variable between the two groups (morning vs. evening) at the baseline (Table 1).

Table 1. Changes in body composition and sports performance variables in the morning and evening
groups of female handball players after 12 weeks of intervention.

Variables Group
Measurements

∆ η2
pBaseline

(Week 0)
Final

(Week 12)

Weight (kg) Morning 65.33 ± 5.99 65.66 ± 4.96 0.33 ± 1.69 0.045
Evening 63.27 ± 9.10 63.40 ± 9.72 0.12 ± 1.45 0.009

BMI
Morning 21.91 ± 1.62 22.08 ± 1.12 0.16 ± 0.54 0.104
Evening 22.02 ± 2.65 22.11 ± 2.56 0.09 ± 0.52 0.033

% Fat
Morning 27.43 ± 2.40 22.55 ± 4.21 −0.88 ± 3.36 * 0.717
Evening 27.22 ± 5.79 24.50 ± 4.61 −2.38 ± 6.34 0.202

Lean Body Mass (kg) Morning 47.38 ± 4.25 48.36 ± 4.35 0.97 ± 2.67 0.138
Evening 46.12 ± 8.47 45.62 ± 6.25 −0.49 ± 2.41 0.048
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Table 1. Cont.

Variables Group
Measurements

∆ η2
pBaseline

(Week 0)
Final

(Week 12)

% Body Water Morning 51.46 ± 3.27 57.60 ± 3.24 6.13 ± 2.37 * 0.889
Evening 50.31 ± 2.89 55.54 ± 3.36 5.22 ± 3.11 * 0.767

Arm Circumference (cm)
Morning 27.30 ± 1.61 26.70 ± 0.82 −0.59 ± 0.92 0.332
Evening 27.52 ± 2.53 26.69 ± 2.98 −0.83 ± 1.21 0.353

Tricipital Skinfold (mm) Morning 17.86 ± 5.81 10.10 ± 1.74 −7.75 ± 5.60 * 0.697
Evening 14.17 ± 4.60 11.64 ± 3.07 −2.53 ± 3.97 0.321

1RM Saddle Squats (kg) Morning 98.80 ± 22.86 112.79 ± 23.35 13.98 ± 12.86 * 0.579
Evening 89.95 ± 12.32 104.01 ± 23.30 14.05 ± 14.36 * 0.527

CMJ (cm)
Morning 36.11 ± 6.07 38.32 ± 5.54 2.21 ± 1.81 * 0.635
Evening 35.22 ± 6.86 37.81 ± 8.16 2.58 ± 2.13 * 0.631

Ball Throw (m)
Morning 4.98 ± 0.34 5.35 ± 0.50 0.37 ± 0.25 * 0.709
Evening 4.66 ± 0.34 5.03 ± 0.44 0.37 ± 0.28 * 0.683

Dynamometer (kg) Morning 36.57 ± 5.14 37.42 ± 5.28 0.85 ± 1.64 0.241
Evening 33.66 ± 5.67 34.08 ± 5.06 0.41 ± 0.99 0.174

BMI, body mass index; 1RM, repetition maximum; CMJ, countermovement jump; η2
p, partial eta squared;

∆, change between baseline and final measurement; * Indicated statistical significance between baseline and final
measurement (p < 0.05).

After the 12-week intervention period, a reduction in body fat percentage was observed
in the morning group, as well as a reduction in the tricipital skinfold in the same group.
Improved performance between the initial assessment and the end of the study was also
observed in the two groups, with improvements in strength (1RM squat) and lower body
power (CMJ), as well as medicine ball throwing. However, no improvement was observed
in the upper body results associated with the dynamometer test (Table 1).

No differences were observed in the DD analysis between the morning and evening
group for any of the variables studied (Table 2).

Table 2. Comparison of body composition and sports performance variables in the morning vs.
evening group after a 12-week intervention in female handball players.

Variables Mean (∆1–∆2) Difference in Differences (DD) * ES

Weight (kg) 0.33 to 0.13 0.20 0.645
BMI 0.17 to 0.09 0.08 0.909

% Fat −4.88 to −2.72 –2.16 0.387
Lean Body Mass (kg) 0.98 to −0.50 1.48 0.235

% Body Water 6.14 to 5.23 0.91 0.632
Arm Circumference (cm) −0.60 to −0.83 0.23 0.461
Tricipital Skinfold (mm) −7.76 to −2.53 –5.23 0.116
1RM Saddle Squats (kg) 13.99 to 14.06 –0.07 1.000

CMJ (cm) 2.21 to 2.59 –0.38 0.549
Ball Throw (m) 0.37 to 0.37 0.00 0.970

Dynamometer (kg) 0.85 to 0.42 0.43 0.617
BMI, body mass index; 1RM, one repetition maximum; CMJ, countermovement jump; ∆1, change between
baseline and final measurement of the morning group; ∆2, change between baseline and final measurement of the
evening group; DD, difference-in-differences. * No differences were observed in the DD analysis between the
morning and evening group for any of the variables studied.

4. Discussion

The aim of this study was to investigate whether circadian rhythms influence Cr
monohydrate supplementation in order to observe whether morning or evening intake of
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Cr monohydrate has a greater effect on the performance of elite female handball players
with respect to the variables studied.

The results of this study indicate, in terms of the physical tests, that Cr monohydrate
supplements improved performance in the 1RM squat, CMJ, and medicine ball tests in both
groups (morning and evening), which was to be expected due to the already demonstrated
effects of Cr on sports performance [1]. Although no differences in absolute values were
found between the morning and evening groups, the evening group achieved a superior
performance with respect to the morning group (1RM squat: 14.36 vs. 12.86; CMJ: 2.13 vs.
1.81; ball throwing: 0.28 vs. 0.25). Although performance increased in the above tests, no
statistically significant differences were observed in the dynamometer test. These latter
results are not in line with the published literature, given that various studies report
an improvement in hand grip strength after Cr intake [30], which could be due to the
type of sport, the time of the study, or the training program followed by our participants.
Other studies, in turn, argue that grip strength is closely related to hand length [31], and
given that this is not affected by Cr intake, this could explain why there is a discrepancy
between our results and the existing literature. It would be worthwhile further investigating
the importance of Cr intake in the improvement in handball dynamometry test results,
particularly given the importance of the ball catching manoeuvre in this sport.

Studies such as those by Bonilla et al. [5] and Mills et al. [32] used similar variables to
those in this study to determine what effect Cr supplements had on athletic performance.
The results obtained in the present study are in line with those published in these two arti-
cles, with improvements being found in the 1RM squat, CMJ, and medicine ball throwing
tests. With respect to the study by Chirosa-Ríos et al. [33], no significant differences were
observed in the CMJ, which could be due to factors such as the type of training or the fact
that there was no pre-loading phase. Given that our research involved female athletes, the
results are within what would be expected according to the information found in various
studies on performance improvement for both sexes [3,32,34] as well as in others carried
out specifically on women [35–37], work showing increased muscle strength and higher
load volumes in women after ingesting Cr.

In terms of body composition, the results of the study show a reduction in the percent-
age of body fat in both the morning (−4.88 ± 3.36) and evening groups (−2.38 ± 6.34), with
a greater reduction in the percentage of adipose tissue in the morning group. This reduc-
tion in body fat percentage was accompanied by a reduced arm circumference (morning:
−0.59 ± 0.92; evening: −0.83 ± 1.21), as well as the tricipital skinfold (morning: -7.75 ± 5.60;
evening: −2.53 ± 3.97), in both groups, with the tricipital skinfold improvement once again
being greater in the morning group. This may indicate that creatine supplements, in con-
junction with a strength training programme, can improve body composition by reducing
fat tissue without negatively affecting muscle mass. However, taking into account the
difference in body composition results between the two groups, as well as the previous
scientific evidence, which does not suggest that creatine alone can help weight loss, these
reductions in fat percentage, tricipital fold, and arm circumference may be due to factors
other than creatine, such as the training program followed, in addition to the possible
influence of the time of training and of the dietary recommendations that were given to the
players, which would explain the differences between the two groups.

Indeed, with respect to the influence of circadian rhythms, it is known that there is an
individual biological preference for activity and rest influenced by chronotype (morning,
intermediate, and evening), which is of particular importance when trying to improve
performance in athletes [9]. Changes in performance related to factors that depend on
circadian rhythms, such as temperature, blood pressure, energy metabolism, and hormone
secretion, among other physiological variables, have been reported in the literature [10]. In
relation to these changes, the increase in body and muscle temperature that occurs in the
afternoon has been observed to improve ATP-PC and glycolytic ATP turnover, leading to
greater muscle activation and strength [11].
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Numerous studies argue that athletes perform better when training in the afternoon
and that this is the result of the synchronization (chronotype) between physiological,
psychological, and metabolic rhythms, which reach their peak in the early afternoon, in
coordination with cardiovascular processes, which also show a circadian pattern [9]. This
fact makes it reasonable to think that taking Cr supplements in the afternoon could be
beneficial.

However, the results obtained show that no significant differences were found between
the consumption of Cr supplements in the morning or in the evening. This lack of difference
could be explained by the fact that Cr supplementation aids the intramuscular storage of
Cr, keeping it available in case it is needed when there is a greater energy demand [38],
whether this is in the morning or the evening. In addition, other studies have reported
limited changes in performance with respect to the time of day the supplement is taken [39],
and likewise, no differences have been demonstrated in terms of recovery from anaerobic
exercise in the morning vs. the evening [11]. These results suggest the need for further
studies on diurnal fluctuations and exercise performance, especially in well-trained athletes.

This study included some limitations, some of them being that there was no control
group to compare the effect of Cr, so the results should be interpreted with caution. How-
ever, Cr has been successfully and extensively shown to be effective in enhancing athletic
performance [2,15]. Moreover, this study did not have a daily dietary monitoring on the
nutrition of the athletes, therefore being another limitation of the study. In future studies
that compare the influence of the circadian rhythm and timing in supplementation and elite
athletes, it would be interesting to carry out a nutritional monitoring that guarantees the
dietary pattern. The consumption of protein, especially consumption of animal protein, is a
covariate of special importance for future studies that delve into moments of Cr ingestion
as a supplement for elite athletes.

Another limitation of our study was the relatively small size of the sample. Although
clinical trials with a larger sample size are needed to confirm these findings, we can state
that the results of the present study are in line with recent research on the optimal timing of
Cr intake, which suggests that greater performance is achieved when Cr supplementation is
performed after strength training [6,8,38]. Factors that could have influenced the different
results obtained are the level of training of the participants and the initial amount of Cr
present in their muscles. Given that the initial level of Cr in the muscles was not measured
in this study, an attempt was made to correct any bias by carrying out a prior loading phase
to try to homogenize the sample and ensure that all the participants started with similar
levels of Cr reserves.

On the other hand, future research could focus on how the menstrual cycle affects Cr
metabolism in female athletes and the repercussions this has on their performance [40],
with a view to analysing whether Cr supplementation could achieve greater benefits and
make up for the energy deficit that is allocated to other physiological processes in order to
use it to improve performance.

5. Conclusions

In conclusion, the results confirm the ergogenic effect of Cr supplements in improving
sporting performance in elite female handball players according to the specific physical
tests of lower limb and upper limb strength carried out. Handball is a sport that has short
duration and high intensity actions, such as direction changes, jumps, and throws, where
the phosphocreatine system plays an important physiological role in the generation of ATP.
The specific improvement in the strength and power of the lower limbs is important in
many of these actions where this musculature is required for jumping or repeated high
intensity sprints.

However, no significant differences in performance were observed between morning
vs. evening intake of Cr following the supplementation protocol in the sample of players
analysed.
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Abstract: This study aimed to investigate the difference in the prevalence, severity, and risk factors of
dysmenorrhea between Japanese female athletes and non-athletes in universities. The participants
were 18 to 30 years old with no history of a previous pregnancy and/or childbirth. After application
of the exclusion criteria, the cohort comprised 605 athletes and 295 non-athletes. An anonymous
questionnaire, which included self-reported information on age, height, weight, age at menarche,
menstrual cycle days, menstrual duration, dysmenorrhea severity, sleeping hours, dietary habits,
exercise habits, training hours, and competition level was administered. Compared with athletes, non-
athletes had a higher prevalence of dysmenorrhea (85.6% in athletes, 90.5% in non-athletes, p < 0.05);
non-athletes also demonstrated increased severity (none/mild 27.8%, moderate 19.3%, and severe
52.9% in athletes; none/mild 21.2%, moderate 17.2%, and severe 61.6% in non-athletes; p < 0.05).
Factors related to severe dysmenorrhea in athletes included long training hours, early menarche, and
prolonged menstrual periods. In non-athletes, short menstrual cycle days and extended menstrual
periods were related to severe dysmenorrhea. The prevalence and severity of dysmenorrhea were
higher among non-athletes than among athletes; different factors were related to severe dysmenorrhea
in these two groups. Thus, different strategies are necessary to manage dysmenorrhea for athletes
and non-athletes in universities.

Keywords: menstruation disturbances; menstrual cycle; athletes; women’s health; exercise

1. Introduction

Dysmenorrhea is an important women’s health problem. It is experienced during
menstruation and is associated with pain and discomfort such as headaches, abdominal
pain, and back pain [1]. There are two types of dysmenorrhea: primary dysmenorrhea,
which is caused by excessive prostaglandin secretion without an organic uterine disease,
and secondary dysmenorrhea, which is caused by an organic disease of the uterus [2].
Previous studies have demonstrated that the prevalence of dysmenorrhea is approximately
80% among young women; 77.6% among working women (aged 25–55 years) [3]; 83.6%
among college students [4]; and 89% among adolescent girls [5]. Moreover, dysmenorrhea
is a severe problem in young women because it negatively impacts their lives; for example,
it is a cause of absenteeism from school and work and decreased health-related quality
of life [6,7].

Bad lifestyle habits may potentially be important risk factors of dysmenorrhea. Short sleep-
ing hours and not having breakfast regularly were associated with moderate-to-severe
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dysmenorrhea in a previous study [8]. In addition, caffeine consumption [9], alcohol con-
sumption, and smoking [10] were also associated with dysmenorrhea. Moreover, mental
stress [11–13] and a lack of exercise [14] were related to the severity of dysmenorrhea.
Therefore, lifestyle changes may be a potential strategy to manage dysmenorrhea.

Armor et al. reported that dysmenorrhea lowered athletic performance during training
and competitions [15]. Another study showed that the dysmenorrhea pain score was higher
in athletes than in sedentary students [16]. Additionally, an interview-based study reported
that menstruation-related symptoms reduce athletic performance in athletes [17]. In a
previous study, athletes had a lower prevalence of dysmenorrhea than non-athletes (39.44%
in athletes and 43.88% in non-athletes), although the difference was not significant [18].
An additional study showed that exercise can reduce dysmenorrhea [14]; however, the
participants in this study were women with no exercise habits. Research on dysmenorrhea
in athletes and non-athletes has therefore not yielded consistent results.

To address this issue, the present study aimed to investigate the difference in the
prevalence, severity, and risk factors of dysmenorrhea between Japanese female athletes
and non-athletes in universities. The present study hypothesized that athletes show an
increased prevalence of severe dysmenorrhea relative to non-athletes and that different
factors are associated with severe dysmenorrhea between these two groups of women.

2. Materials and Methods
2.1. Study Design

We conducted a cross-sectional, anonymous questionnaire survey administered from
October 2019 to March 2020. The participants were recruited using a snowball sampling
method, and all individuals consented to participating in this study. The Ethics Review
Board of the Faculty of Health and Sport Sciences at the University of Tsukuba approved
the study protocol (approval number: 19–85) on 19 September 2019.

2.2. Participants

Our cohort of participants included 961 athletes and 423 non-athletes who were
recruited with the help of faculty members from six Japanese universities located in Tokyo
(three universities), Ibaraki (two universities), Chiba (one university), and Okayama (one
university). The athlete group consisted of university students who majored in physical
education or sports science and/or who belonged to athletic clubs. The non-athlete group
consisted of university students who majored in subjects other than sports science, such
as nutrition and nursing, and/or those who did not participate in athletic competitions,
such as managers of athletic clubs. This study included women who were aged 18 to
30 years, those who had never been pregnant and/or given birth, those who did not take
oral contraceptives, and those who did not have irregular menstruation or secondary
amenorrhea. University athletes were defined as those who belonged to an athletic club
(not a recreational club), participated in competitions on a regular basis, and trained at least
3 days per week. As shown in Figure 1, 356 women in the athlete group and 126 women in
the non-athlete group were excluded owing to the following exclusion criteria: those taking
oral contraceptives (n = 22 and n = 15 in the athlete and non-athlete groups, respectively),
those with irregular menstruation or secondary amenorrhea (n = 49 and n = 20, respectively),
those who trained less than 3 days a week (n = 62 in the athlete group), and those with
incomplete data (n = 223 and n = 93, respectively). The final analysis dataset comprised
data from 605 athletes and 295 non-athletes. The athletes played basketball (n = 98), track
and field (n = 88), lacrosse (n = 62), handball (n = 62), volleyball (n = 44), soccer (n = 33),
rhythmic gymnastics (n = 32), dance (n = 32), softball (n = 27), kendo (n = 23), judo (n = 23),
swimming (n = 19), badminton (n = 14), baseball (n = 13), tennis (n = 12), cheerleading
(n = 9), gymnastics (n = 6), wheel gymnastics (n = 5), and wrestling (n = 3).
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Figure 1. Participant flow diagram.

2.3. Questionnaire

A questionnaire that included questions related to age, height, weight, age at menar-
che, menstrual cycle days, menstrual duration, dysmenorrhea severity (none: 0 to heavy
pain: 10), sleeping hours, dietary habits (skipping meals), exercise habits (in non-athletes),
training hours (per week), and competition level (1: international, 2: national, 3: regional,
4: prefectural, 5: other, in athletes) was prepared. Body mass index (BMI) was calculated
using the following formula: weight (kg) divided by the square of height (m2). The follow-
ing question was asked about the prevalence and severity of dysmenorrhea. “What is the
degree of pain you experience during menstruation? Please circle the number between 0
and 10 that is reflective of the pain you experience.” Those with a severity score of ≥1 were
defined as having dysmenorrhea. With reference to a previous study [19], the severity of
dysmenorrhea was classified into three categories, namely, none/mild (0 to 3), moderate (4
to 6), and severe (7 to 10). Additionally, gynecological age was calculated by subtracting the
age at menarche from the calendar age [20]. The severity of dysmenorrhea was compared
between competition levels or sport types in university athletes.

2.4. Statistical Analysis

Data were analyzed using SPSS version 26 (SPSS Inc., Chicago, IL, USA). The Kolmogorov–
Smirnov normality test was used to examine normality. Because all variables were not
normally distributed, the Mann–Whitney test was conducted to compare the characteristics
of the participants, and the chi-square test was conducted to compare the prevalence and
severity of dysmenorrhea between athletes and non-athletes, between sport types, and be-
tween competition levels. The Kruskal–Wallis test was used to compare the characteristics
of the participants according to the severity of dysmenorrhea in athletes and non-athletes,
followed by a Bonferroni post hoc test. The effect sizes were calculated and expressed as
ES [21]. A logistic regression model was used to identify risk factors for severe dysmenor-
rhea (severe or not); the severity of dysmenorrhea was the dependent variable in the athlete
and non-athlete groups. Independent variables were age, BMI, sleeping hours, skipping
meals, age at menarche, menstrual cycle, menstrual period, training hours (in athletes),
competition level (in athletes), and exercise hours (in non-athletes). The odds ratio and
95% confidence interval (95% CI) were calculated for each variable. Data are expressed as
median (interquartile range) or frequency (%).
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3. Results
3.1. Participant Characteristics

As shown in Table 1, some characteristics differed significantly between athletes
and non-athletes. Athletes were taller, heavier, and higher in BMI and had shorter men-
strual periods, a younger gynecological age, and longer sleeping hours than non-athletes.
The prevalence of dysmenorrhea was significantly higher in non-athletes than in athletes
(p = 0.04, ES = 0.07).

Table 1. The characteristics of the study participants.

Athletes
(n = 605)

Non-Athletes
(n = 295) p ES

Age (years) 20.0 [19.0–21.0] 20.0 [19.0–21.0] 0.82 0.01

Height (cm) 161.0 [157.0–
165.0] 158.0 [155.0–

162.0] <0.01 0.23

Weight (kg) 55.5 [52.0–60.0] 50.0 [47.0–54.0] <0.01 0.40
BMI (kg/m2) 21.5 [20.3–22.8] 19.8 [18.8–21.3] <0.01 0.34

Sleeping hours (hours) 7.0 [6.0–7.8] 6.0 [5.5–7.0] <0.01 0.19
Skipping meals (yes, %) 124 (20.5%) 76 (25.8%) 0.07 0.06
Age at menarche (years) 13.0 [12.0–14.0] 12.0 [11.0–14.0] <0.01 0.20
Menstrual cycle (days) 30.0 [28.0–30.0] 30.0 [28.0–31.0] 0.03 0.07

Menstrual period (days) 5.0 [5.0–7.0] 6.0 [5.0–7.0] <0.01 0.10
Gynecological age (years) 7.0 [6.0–8.5] 8.0 [6.0–10.0] <0.01 0.16

Prevalence of dysmenorrhea (yes, %) 518 (85.6%) 267 (90.5%) 0.04 0.07
Training/exercise hours

(hours/week) 18.0 [12.5–24.0] 0.0 [0.0–0.0] <0.01 0.37

Competition level (n, %)
International 49 (8.1%)

National 323 (53.4%)
Regional 142 (23.5%)

Prefectural 75 (12.4%)
Other 16 (2.6%)

Data are expressed as median [interquartile range] or frequency (%). BMI, body mass index; ES, effect size.

3.2. Dysmenorrhea Severity

As shown in Figure 2, the severity of dysmenorrhea differed significantly between
athletes and non-athletes (p = 0.04, ES = 0.09). Dysmenorrhea was shown to be more severe
in non-athletes (none/mild 21.2%, moderate 17.2%, and severe 61.6%) than in athletes
(none/mild 27.8%, moderate 19.3%, and severe 52.9%).

Tables 2 and 3 present characteristics by the severity of dysmenorrhea in athletes
and non-athletes, respectively. In athletes, there were significant differences in age, age at
menarche, menstrual period, and gynecological age between the dysmenorrhea severity
groups. However, there were no differences in these variables between competition levels
or between sport types. In non-athletes, there were no significant differences in these
variables between the dysmenorrhea severity groups.
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Table 2. Characteristics by severity of dysmenorrhea in athletes.

No/Mild
(n = 168)

Medium
(n = 117)

Severe
(n = 320) ES

Age (years) 20.0 [19.0–21.0] 20.0 [19.0–21.0] 20.0 [20.0–21.0] 0.02 #

Height (cm) 161.0 [157.5–
166.0] 160.2 [155.9–

164.2] 161.0 [157.0–
165.0] <0.01

Weight (kg) 55.1 [51.0–60.0] 55.0 [52.0–60.0] 56.0 [52.0–61.0] <0.01
BMI (kg/m2) 21.4 [20.1–22.6] 21.3 [20.2–22.8] 21.6 [20.4–22.9] <0.01

Sleeping hours (hours) 6.8 [6.0–7.5] 7.0 [6.1–7.9] 7.0 [6.0–7.8] <0.01
Skipping meals (yes, %) 30 (17.9%) 18 (15.4%) 76 (23.8%) 0.09
Age at menarche (years) 14.0 [12.0–15.0] 13.0 [12.0–14.0] 13.0 [12.0–14.0] 0.03 #

Menstrual cycle (days) 30.0 [28.0–30.0] 30.0 [28.0–30.0] 30.0 [28.0–30.0] <0.01
Menstrual period (days) 5.0 [4.0–6.0] 5.0 [4.0–6.0] 6.0 [5.0–7.0] 0.03 #$

Gynecological age (years) 7.0 [5.0–8.0] 7.0 [6.0–9.0] 7.0 [6.0–9.0] 0.05 *#

Training hours(hours/week) 18.0 [12.0–24.0] 18.0 [12.3–21.0] 18.0 [12.5–24.0] <0.01
Competition level (n, %) 0.10

International 12 (7.1%) 12 (10.3%) 25 (7.8%)
National 90 (53.6%) 64 (54.7%) 169 (52.8%)
Regional 46 (27.4%) 23 (19.7%) 73 (22.8%)

Prefectural 15 (8.9%) 14 (12.0%) 46 (14.4%)
Other 5 (3.0%) 4 (3.4%) 7 (2.2%)

Data are expressed as median [interquartile range] or frequency (%). *: no/mild vs. medium (p < 0.01), #: no/mild
vs. severe (p < 0.01), $: medium vs. severe (p < 0.05). BMI, body mass index; ES, effect size.
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Table 3. Characteristics by severity of dysmenorrhea in non-athletes.

No/Mild
(n = 61)

Medium
(n = 51)

Severe
(n = 183) ES

Age (years) 20.0 [19.0–21.0] 20.0 [19.0–22.0] 20.0 [19.0–21.0] 0.01
Height (cm) 158.0 [153.6–161.1] 158.7 [155.4–161.0] 158.0 [155.0–162.0] <0.01
Weight (kg) 50.0 [48.0–54.0] 51.0 [47.8–54.0] 50.0 [47.0–54.2] <0.01

BMI (kg/m2) 20.4 [19.1–21.4] 20.0 [19.0–21.0] 19.6 [18.7–21.3] 0.01
Sleeping hours (hours) 6.0 [5.1–7.0] 6.5 [5.8–7.5] 6.0 [5.5–7.0] <0.01
Skipping meals (yes, %) 14 (23.0%) 14 (27.5%) 48 (26.2%) 0.03
Age at menarche (years) 13.0 [11.0–14.0] 12.0 [12.0–14.0] 12.0 [11.0–13.0] 0.01
Menstrual cycle (days) 30.0 [28.0–31.0] 30.0 [28.0–35.0] 30.0 [28.0–30.0] 0.01

Menstrual period (days) 5.0 [4.8–7.0] 5.0 [5.0–6.0] 6.0 [5.0–7.0] 0.03
Gynecological age (years) 8.0 [6.0–9.0] 8.0 [6.0–10.0] 8.0 [7.0–10.0] 0.01

Exercise hours (hours/week) 0.0 [0.0–0.3] 0.0 [0.0–0.0] 0.0 [0.0–0.0] 0.01

Data are expressed as median [interquartile range] or frequency (%). BMI, body mass index; ES, effect size.

3.3. Factors Related to Severe Dysmenorrhea

Tables 4 and 5 illustrate the coefficients at 95% CIs generated from the logistic re-
gression model using dysmenorrhea severity (severe or not) as the dependent variable in
athletes and non-athletes, respectively. In athletes, long training hours, early menarche,
and a long menstrual period were significantly related to severe dysmenorrhea (Table 4).
In non-athletes, a short menstrual cycle and a long menstrual period were significantly
related to severe dysmenorrhea (Table 5).

Table 4. Factors related to the severity of dysmenorrhea in athletes.

B Exp(B) 95% CI p

Age (years) 0.123 1.130 0.977 1.308 0.10
BMI (kg/m2) 0.051 1.052 0.968 1.144 0.23

Sleeping hours (hours) −0.047 0.954 0.832 1.094 0.50
Skipping meals (yes) 0.386 1.471 0.957 2.262 0.07

Age at menarche (years) −0.160 0.852 0.765 0.950 <0.01
Menstrual cycle (days) −0.018 0.982 0.956 1.009 0.19

Menstrual period (days) 0.269 1.309 1.154 1.484 <0.01
Training hours(hours/week) 0.026 1.026 1.004 1.048 0.02

Competition level (low) 0.117 1.124 0.923 1.368 0.25
BMI, body mass index; CI, confidence interval; Exp(B), odds ratio.

Table 5. Factors related to the severity of dysmenorrhea in non-athletes.

B Exp(B) 95% CI p

Age (years) 0.115 1.122 0.908 1.386 0.29
BMI (kg/m2) −0.066 0.936 0.834 1.052 0.27

Sleeping hours (hours) −0.067 0.935 0.743 1.177 0.57
Skipping meals (yes) 0.170 1.185 0.665 2.114 0.57

Age at menarche (years) −0.119 0.888 0.758 1.040 0.14
Menstrual cycle (days) −0.044 0.957 0.918 0.997 0.04

Menstrual period (days) 0.355 1.426 1.161 1.752 <0.01
Exercise hours (hours/week) −0.067 0.935 0.843 1.038 0.20

BMI, body mass index; CI, confidence interval; Exp(B), odds ratio.

4. Discussion

The present study investigated the difference in the prevalence, severity, and risk
factors of dysmenorrhea between Japanese female athletes and non-athletes in universities.
The prevalence of dysmenorrhea was higher in non-athletes (90.5%) than in athletes (85.6%)
(p = 0.04, ES = 0.07). Furthermore, the severity of dysmenorrhea was higher in non-athletes
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than in athletes (p = 0.04, ES = 0.09). Although the effect sizes were small, significances were
observed. The factors associated with severe dysmenorrhea were different between athletes
and non-athletes. As mentioned earlier, long training hours, early menarche, and long
menstrual periods were significant risk factors among athletes, while short menstrual cycles
and long menstrual periods were shown to be significant risk factors among non-athletes.
Therefore, different strategies may be necessary to address severe dysmenorrhea in athletes
and non-athletes in universities.

Most previous studies have reported the prevalence of dysmenorrhea among the
general population. Polat et al. reported that the prevalence of dysmenorrhea among adult
university students in Turkey was 87.8% [22]. In contrast, Ortiz et al. reported a prevalence
of 48.4% among Mexican high school students [23]. This inconsistency is partly due to the
different definitions of dysmenorrhea. The former study defined dysmenorrhea as having
pain during menstruation; the latter defined dysmenorrhea as having painful menstruation
for the past 3 months. It is necessary to focus on this point when interpreting the prevalence
of dysmenorrhea. The definition from the former study was used in the present study, and
the prevalence of dysmenorrhea was similar in both [22].

Few previous studies have reported the prevalence of dysmenorrhea among athletes.
Homai et al. compared the prevalence of dysmenorrhea between athletes and non-athletes
(39.44% in athletes and 43.88% in non-athletes) [16]. However, they used a different defini-
tion of dysmenorrhea. The present study showed that the prevalence of dysmenorrhea was
higher in non-athletes (90.5%) than in athletes (85.6%). While the prevalence of dysmenor-
rhea was much higher in the present study than in the previous study, the rank relationship
noted in the present study was comparable to that reported in the previous study [16].

Many previous studies have reported the severity of dysmenorrhea among the general
population of women; however, few previous studies compared differences in severity
between athletes and non-athletes. Some observational studies reported that women
without exercise habits had a high prevalence and severity of dysmenorrhea [8,14,24].
Some intervention studies demonstrated that an exercise intervention improved the severity
of dysmenorrhea in sedentary women [25–28]. Therefore, exercise might be a potential
strategy to manage dysmenorrhea in the general population of women.

However, very frequent training may be a risk factor for severe dysmenorrhea in
athletes. Czajkowska et al. reported that premenstrual syndrome (PMS) might worsen in
athletes due to high-intensity training and an extended competition history [29]. A previous
study showed a correlation between the severity of PMS and the severity of dysmenor-
rhea [30]. Therefore, the present study hypothesized that the prevalence of severe dys-
menorrhea is higher in athletes owing to consistent, high-intensity training. However, in
the present study, the prevalence of severe dysmenorrhea was shown to be higher in non-
athletes (61.6%) than in athletes (52.9%), which is not in line with the initial hypothesis.
In addition, there was no difference in the severity of dysmenorrhea between competition
levels or sport types in the present study. Further studies are necessary to be conducted in
different populations.

The present study also examined the factors related to severe dysmenorrhea in athletes
and non-athletes. In athletes, long training duration was a risk factor for severe dysmenor-
rhea, and this finding is similar to that of a previous study that reported that long training
hours are associated with PMS [29]. Although the prevalence of severe dysmenorrhea
was lower in athletes than in non-athletes, frequent training may be a risk factor for se-
vere dysmenorrhea. Low-intensity exercises, such as yoga and Pilates, are thought to be
beneficial for improving dysmenorrhea because it lowers the levels of cortisol, which in
turn inhibits prostaglandin synthesis [31,32]. However, prolonged high-intensity exercise,
which is performed by athletes, may increase the levels of inflammatory cytokines, which in
turn may increase prostaglandin synthesis and increase the severity of dysmenorrhea [33].
Therefore, the management of training hours might be a crucial factor in controlling
dysmenorrhea in athletes.
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Long menstrual periods were a common risk factor for dysmenorrhea in university
athletes and non-athletes. This result was consistent with those of previous studies con-
ducted on the general population [23,34,35]. In non-athletes, short menstrual cycles were
shown to be an important risk factor for dysmenorrhea, while, in contrast to previous
studies, exercise habits were not [8,14,24]. Although the risk factors in athletes and non-
athletes were examined separately, the previous studies may have included both athletes
and non-athletes in the study population. Therefore, the difference in study designs and
study populations might have resulted in different findings in these studies.

There were some limitations in this study. First, the study participants were not a
representative sample. Athlete and non-athlete participants were recruited separately.
Therefore, the overall sample included in this study could not be analyzed. Second, the
participants were recruited from a limited number of universities, and the participants
were pursuing studies in physical education, nursing, or nutrition. In addition, we enrolled
athletes from many sports in this study. Third, self-reported data were collected using a
questionnaire, which contained questions that required participants to recollect events that
had happened in the past; this might have led to recall bias. Fourth, primary dysmenorrhea
was not differentiated from secondary dysmenorrhea. The causes are different: primary
dysmenorrhea is caused by prostaglandins and secondary dysmenorrhea is caused by an
organic disease. As the causative mechanisms of primary and secondary dysmenorrhea are
different, future studies involving the collection of the history of gynecological consulta-
tions and previous medical history are needed. In addition, the diseases that may cause
dysmenorrhea were not investigated. Fifth, the validity and reliability of the questionnaires
were not tested. Sixth, a detailed survey on the nutritional status of the participants was
not conducted. Thus, caution is necessary when generalizing the results of this study.

5. Conclusions

The present study compared the prevalence and severity of dysmenorrhea between
female university athletes and non-athletes in Japanese universities and investigated the
risk factors. The prevalence and severity of dysmenorrhea were higher in non-athletes
than in athletes. The risk factors for severe dysmenorrhea were long training hours, early
menarche, and long menstrual periods in athletes. In contrast, short menstrual cycles and
long menstrual periods were shown to be significant risk factors in non-athletes. Therefore,
different strategies may be necessary to address dysmenorrhea in athletes and non-athletes
in universities.
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Abstract: Background: Scoring first seems to be a determinant in professional football playing;
several factors could influence the development of the match and the outcome. This study aimed
to identify which factors could influence scoring first and impact match outcomes in professional
European female football. Methods: There were 504 official matches held on 74 match days during
the 2018–2019 professional female European football seasons (Primera Iberdrola, D1 Féminine, and
Frauen-Bundesliga), analysed using a notational and inferential assessment. Results: There was a
direct positive relationship (p < 0.05) between scoring first and winning the match; 75.9% of the
winning teams scored first. Moreover, those teams that usually scored first had a better final league
classification (p < 0.05). These relationships were not influenced by home or away conditions.
Conclusions: Scoring first is a determinant in the outcomes of professional European female football
matches. Physical and tactical training and programming should focus on those variables, leading
female teams to score first.

Keywords: women; football; final score; winning; match result; situational variables

1. Introduction

Football is well-known as one of the most played and popular sports worldwide.
This sport attracts millions of fans, and the economic and social interest in related events,
tournaments, and matches continues to grow. Curiously, despite its attractiveness, football
match outcomes are often determined by relatively few critical actions, leading to small final
scores. Usually, football matches have an average of 2.7 goals per game [1]. This reduced
number of goals, which determines the final match result is the primary rationale of a study
on the influence of scoring first in professional football [2].

Several studies analyse the impact of scoring first in male football [3–5]; but little
studies focused on female teams [3]. All of the scientific evidence suggested that scoring
first in female and male football is critical; this advantage increases the probability of
winning the matches. In male football, 65–75% of the matches are won by the first-scoring
teams, whereas female football lacks the evidence to summarise the real impact and benefits
of scoring first.

Some factors may be determinant to scoring first, such as the home advantage, team
league classification, and if the goal was scored in the first or second half of the match.
The home advantage is understood as the relative advantage of being the match host.
Previous studies in male football suggested that, when playing at home, the home team has
winning odds of 74% [4]. Contrarily, if the visiting team scores first, the winning odds are
50% [5] to 63% [4]. These odds also seem to apply to women’s football [6]; in an analysis
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of the top Spanish league, those female teams that scored first in the match won in more
than 80 to 90% of cases, depending on the team’s classification (top three vs. top ten) [7].
Additionally, in top European male football leagues, if the home team scores first, the
winning odds are 62% [5].

The scoring-first effect on match outcome was studied in other sports, such as baseball
and hockey. Scoring first (66.3%) and being the home team (61.7%) are determinants of the
final score in baseball [8]. In hockey, the psychological momentum of scoring first causes a
marked increase in the likelihood of winning the matches [9].

The abovementioned studies highlighted the second determinant of scoring first,
proposing that the best-classified teams usually scored first during female matches [7].
This was also the cases in male football, where the best-ranked teams usually scored first
and, as expected, won their matches [10]. Some evidence in male football suggested that
higher-budget teams are more likely to win (14%) [11]. Additionally, the competitive
balance, understood as the balance in the sport capabilities of teams, could influence the
match outcome [12]. Additionally, other team characteristics, such as overall quality and
overall ranking, are determinants in team sports [13,14].

Additionally, analyses of the top European championships (UEFA Champions League
and European League) show that the first goal scored between 16 and 45 min of match
time is more determinant in the outcome than those scored during the first 15 min of the
match [15]. This evidence was confirmed by recent studies, suggesting that the team that
scored its first goal during the final minutes of a game is usually the winner [1].

All of these situational factors could define the outcome of a match, and they are
usually explained by a series of tactical and psychological reasons. Tactical passivity,
decreased motivation and confidence, and reduced crew tactical structure and cohesion
are common issues for losing teams after conceding a goal [16]. Additionally, with regard
to the basic physiological differences [17], female football, as opposed to male football,
has particular characteristics that could influence the match outcome and first goal, as
budget disparities (competitive balance), quality, and technical and tactical skills differ
between teams. To better understand female professional players’ psychological, tactical,
and physical behaviour and acknowledge the lack of studies on women’s football, this
study aimed to identify which factors could influence scoring first and how they could
impact match outcomes in professional European female football.

2. Materials and Methods
2.1. Sample

This study was defined as observational since the authors did not influence the natural
behaviour of the matches, using an ex post facto analysis [18]. All official matches were
recorded and explored using a systematic notational analysis.

A total of 504 official matches held on 74 match days during the 2018–2019 top female
European football seasons (Primera Iberdrola, D1 Féminine, and Frauen-Bundesliga) were as-
sessed. The distribution of the matches by league was as follows: Primera Iberdrola = 240,
D1 Féminine = 132 and Frauen-Bundesliga = 132. The French and German leagues included
12 teams and a total of 22 match days, while the Spanish league included 16 teams and a
total of 30 match days. Consequently, a total of 1008 cases were analysed. The format of all
leagues defined the champion as the team with the most points (best-ranked) following
both home and away matches.

All of the data analysed were extracted from a digital database, accessible to the public
from the leagues’ official websites (e.g., www.laliga.es). This task was performed by two
experts and was contrasted. If there were inconsistencies, both experts agreed after a
consensus and final review of the databases.

2.2. Variables

Based on the previous literature, the selected variables were chosen as independent:
first-scorer team (first scorer vs. the second scorer,) and the following as dependent
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variables: match time when the first goal was scored (e.g., 0–15 min, 16–30 min, 30–45 min,
45–60 min, 60–75 min, 75–90 min, 90+ min), league (Primera Iberdrola vs. D1 Féminine
vs. Frauen-Bundesliga), local conditions (home vs. away). Other quantitative variables
were used, including final ranking (top 1–4 vs. positions 5–12 and 13–16 for Primera
Iberdrola; 5–8 and 9–12 for Frauen-Bundesliga and D1 Féminine), number of goals scored
(0–11 per team), and number of yellow (0–6 per team) and red cards (0–1 per team).

2.3. Statistical Analysis

The observational data collection was performed using a data sheet (Excel, Microsoft
Office 365, Mountain View, CA, United States). Analyses were made using the Statistical
Package for Social Sciences (SPSS v.21.0, Chicago, IL, USA).

The normality of the data was explored by Kolmogorov–Smirnov test. Categorical
variables were treated as non-parametrical data. The data were presented using descriptive
analysis and frequency distribution for qualitative variables; for quantitative variables, the
data were presented as mean, minimum, maximum and typic deviations [19]. Inferential
analyses were used to explore the potential influence of independent variables on the
dependent variable. Association between variables was explored using chi-squared (X2)
and Cramer’s V (V). The relationship between variables using X2 was understood as
p < 0.05. Cramer´s V was interpreted using previous criteria [20], as follows: trivial (<0.10),
small (0.10–0.29), moderate (0.30–0.49) and large (>0.50).

The relationship level between variables was established using the adjusted standardised
residuals (ASR) and different contingency tables (Field, 2009). Those residuals greater
than 1.96 confirmed the association between variables, the interpretation made based on
previous criteria [21].

Differences in goals, yellow cards, and red cards between first and non-first scorers
were explored using a one-way analysis of variance (F value) (1 × 3).

3. Results

The descriptive results of match outcome, local conditions and the match time when
the first goal was scored are presented by league (see Table 1). In the Primera Iberdrola
League, the winning teams scored first in 77.3% of cases (X2 = 393.5, p < 0.01; V = 0.6 (large),
p = 0 < 0.01, ASR = 15.2), D1 Féminine teams in 94.0% of cases (X2 = 192.8, p < 0.01; V = 0.6
(large), p < 0.01, ASR = 10.9) and Frauen-Bundesliga in 95.0% of the matches (X2 = 174.0,
p < 0.01; V = 0.6 (large), p< 0.01, ASR = 11.1).

Moreover, must of those teams that scored first did so in the first 15 min (36.9% for
Primera Iberdrola, 36% for D1 Féminine and 43.8% for Frauen-Bundesliga). Additionally,
the home teams and first scorers won in 52.9%, 55.2% and 53.9% of cases, respectively.
There was no statistical evidence suggesting a clear probability of winning when scoring at
a specific match time for any league (Primera Iberdrola: X2 = 1.5, p = 0.4; V = 0.1 (small),
p = 0.5, ASR = 1.2; D1 Féminine: X2 = 12.7, p = 0.3; V = 0.1 (small), p = 0.3, ASR = 1.6;
Frauen-Bundesliga: X2 = 1.6, p = 0.5; V = 0.1 (small), p = 0.5, ASR = 1.2).
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In Table 2, the descriptive data are shown relative to the number of goals and yellow
/red cards, considering if the team scored first or not. First scorers scored a mean of 2.7 goals
per match, significantly higher than non-first scorers. There were statistical differences in
goals where first scorers scored more goals (F = 239.6, p < 0.01). No differences were found
in number of yellow (F = 1.4, p = 0.2) or red (F = 0.1, p = 0.9) cards.

Table 2. Descriptive data of final number of goals and red/yellow cards by the first scorer.

First Scorer Variable n Cases Minimum Maximum Mean Typical Deviation

Yes
Goals (n) 478 1.0 11.0 2.7 1.8

Yellow cards (n) 478 0.0 6.0 1.1 1.1
Red cards (n) 478 0.0 1.0 0.1 0.2

No
Goals (n) 478 0.0 10.0 0.8 1.1

Yellow cards (n) 478 0.0 5.0 1.3 1.0
Red cards (n) 478 0.0 1.0 0.1 0.20

No goal
Goals (n) 52 0.0 0.0 0.0 0.0

Yellow cards (n) 52 0.0 4.0 1.2 1.0
Red cards (n) 52 0.0 1.0 0.1 0.2

Finally, the better-ranked teams usually scored first in all leagues. The associa-
tion between variables for the best-ranked teams was as follows: (Primera Iberdrola:
X2 = 43.5, p < 0.01; V = 0.2 (small), p = 0 < 0.01, ASR = 5.9; D1 Féminine: X2 = 30.3, p < 0.01;
V = 0.2 (small), p < 0.01, ASR = 5.1; Frauen-Bundesliga: X2 = 43.9, p < 0.01; V = 0.3 (moderate),
p < 0.01, ASR = 5.3).

4. Discussion

This study aimed to identify which factors could influence scoring first and match
outcomes in professional European female football. The results of the analyses suggested
that scoring first in female professional football was critical to winning. Female football
teams in top European leagues who scored first won in 77–95% of the matches and were
better ranked, significantly different results from non-first scorers. More than a third of
the first scorers’ teams scored in the first 15 min (36–43% of cases) but with no statistical
differences compared to other match time points. First scorers scored more goals, but no
differences were found in the number of yellow or red cards. Local status also did not
influence the final match outcome.

The results of the study confirmed the critical role of scoring first in female professional
football. Scoring the first goal may create an advantage, psychologically, tactically, and
physically. The evidence suggests that when male football teams are winning, the team
usually creates a positive psychological momentum and mindset that makes winning
more probable [9]. When scoring first, the conceding team tend to have a higher ball
possession than when drawing or wining [22,23]. Additionally, losing teams tend to make
more mistakes (e.g., ball interceptions by a rival, fewer clearances) [24] and show more
high-intensity actions [14,25], positioning the losing team in a technically and tactically
disadvantageous position. Moreover, female losing teams make more tackles, lose the ball
more often and accumulate more yellow and red cards than the winning teams [26].

Compared to other sports (50–65%) [8], in female football (77–95%) the odds of win-
ning after scoring first are higher. Compared to male football (65–75%) [3–5], the probability
of scoring first in female football is slightly higher. Additionally, these odds depend on the
league and could be explained by the greater difference in the teams’ quality and the com-
petitive imbalance of female football compared to male football. This could be explained
by the higher heterogeneity in the quality of female football compared to male football,
with professional and semi-professional female players competing in the same league.

Furthermore, the match time point in which the first goal is scored is also a variable
that was studied [4]. Critical moments of the match were identified as essential and are
in accordance with the results of this study. The first 15 min of both halves and the last
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15 min of the match are critical periods regarding scoring first [27]. These critical moments
in the female matches usually see an increase in match workload; depending on the game
situation, this increase can be between 20 and 25% [28]. This increase in some periods of
the match should be considered when addressing periodisation and strategies to achieve
the first goal.

Finally, the evidence suggests that home advantage depends more on the quality of
the home team and its rival than on a home effect per se [29]. Indeed, the results of this
study indicate that being the first scorer is a determinant regardless of whether the scoring
team is the home or the away team. It is also known that teams playing at home tend to
show a higher ball possession than teams playing away [22]. Nonetheless, when playing
against a stronger opponent, the opposing team must perform better [30], which may cause
physical exhaustion and alterations to tactics. In this sense, the best quality team have a
more stable pattern of play [13], improving their ability to perform consistent high-intensity
actions (e.g., sprints, high-speed running, accelerations, changes of direction), which are
essential for physical improvements in female football [31,32].

In female football, the home advantage effect was not as high as in male football.
It seems that, in the European leagues, the home advantage in female football is reflected
in winning odds of 51–59%; in male football the odds are almost 60% [6]. Some factors
could explain these differences, such as the crowd effect (size, intensity and density) on
players and referees (referee bias) and gender perceptions of territorial protection and
competitive balance [33], usually greater in male football [6]. The aggressivity of the sport
and intensity of the match also influence the home advantage. These plausible reasons
are supported by other sports studies of the differences in home advantage by gender
(e.g., water polo, handball) [34,35]. In Western European football, the evidence suggests a
decrease in the home advantage, compared to that of recent decades, due to changes in
rules, sport structure and diffusion since the 1980s, leading to a competitive balance [33,36].

Finally, recent studies proposed some tactical, technical and physical factors that may
increase the likelihood of winning in female football and could influence scoring first.
For example, one-quarter of goals are scored from crosses [37], and so free kicks should be
made by a direct free kick or a direct shot on goal [38], pass accuracy should be increased,
and a better performance in offensive and defensive duels should be demonstrated [39].
These are technical and tactically significant contributors to victory. Therefore, these actions
and situations should be incorporated into training and improved upon to increase the odds
of scoring the first goal and winning the match. Additionally, regarding tactics, the winning
teams often intercept and recover the ball in more advanced regions of the field than the
losing teams [40]; this could suggest the need for some deep pressure strategies during the
match, resulting in a higher number of goal attempts. Additionally, some key indicators,
such as the high-intensity actions of sprinting, running distances, high ball possession
and optimal attacking organisation could influence the match outcome [41]. A home
disadvantage is supported by a hypothesis underlying the pressure of winning in front of a
supportive audience (expectation of winning). There is a diffusion of responsibility among
team members in football compared to other sports, such as basketball or baseball [42].
In other sports, such as hockey and rugby, there is a hypothesis regarding the inhibition of
anxiety, which reduces pressure on the home team due to high physical contact [42].

Due to the common playing dynamics and considering that football is a low-scoring
sport, with an average of three or fewer goals [1], being the first scoring team seems
determinant in female professional football leagues [27]. Scoring first has a strong positive
effect that influences the match outcome. These findings can be fundamental for football
coaches when developing strategic and tactical planning to enhance the performance of
their players, with regard to the different situational variables that their teams may face
during the matches.
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Limitations

The main limitation of this study is due to the insufficient number of published
scientific articles, which analyse the situational and contextual variables that influence
female professional football, specifically those focusing on official match analyses and
those factors that impact the final match outcomes. Several studies explored the situational
and conditional factors that could influence performance in male football. Based on the
basic physiological, genetic, social and cultural differences between women and men [17],
such information must be collected and analysed concerning performance and the factors
that influence performance in the female sphere. This gender gap reveals the need to better
explore female performance in professional football in future studies.

Additional limitations are based on the limited data availability of the different official
web pages, with regard to the specification of players’ characteristics, weather conditions,
and other situational information that could affect the interpretation of the data. While this
study analysed the 2018–2019 tournaments of the Spanish, German and French female
professional football leagues, recent data are not available or conclusive due to the season
cancellations cause by the COVID-19 pandemic.

5. Conclusions

Scoring first determines the outcomes of official matches from top female European
leagues and impacts the final number of goals in a match and the final ranking of the
league team. Additionally, it is well known that scoring first provides an advantage
during matches and could condition game dynamics, tactics, and programming during a
tournament. The top-ranked teams usually have better preparation processes and resources
available to develop physical, psychological and tactical skills; these advantages allow
them to score the first goal in most cases.

Practical Applications

Considering the impact of being the first scorer in a female football match, coaches
may plan training sessions, bearing in mind that there are physical and psychological
aspects to focus on that may boost team performance during the opening minutes of a
match, and design tasks that may help achieve the first goal. Different offensive strategies
may also help when taking into account physical conditioning, the quality of the opposing
team, the available players and their abilities.

Additionally, some training strategies may be devised to overcome a situation where
the team is not the first scorer, thus avoiding negativity and encouraging confidence in
solving this issue. Moreover, those teams at the bottom of the table may focus their training
towards achieving the first goal as a condition that may change the outcome of the matches.

The teams from minor divisions should be aware of these results and consider the
critical opening minutes of a match as a determinant for winning the match, and thus the
fundamental role of scoring first. Finally, coaches may analyse these tactical and physical
situations where the team scores the first goal to understand how it was achieved to boost
future performance, considering the variables that may help accomplish the first goal.

The internal and external variables mediating the scoring of the first goal or the
offensive tactics that may lead to it should be monitored and considered when planning
physical and conditioning training (e.g., high-intensity actions, accelerations, changes
of direction).

Future studies could focus on the teams who score first, considering psychological,
tactical and physical conditions. Additionally, studies could explore how female footballers,
whose teams are losing during a match, can overturn the match outcome.
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Abstract: The relationship between lean mass and functional asymmetry in terms of their magnitude
and direction was examined in 22 high-level female tennis players (20.9 ± 3.6 years). Lean mass
of both upper and lower extremities was examined using Dual X-ray Absorptiometry. Functional
asymmetry was assessed using a battery of field tests (handgrip strength, seated shot-put throw,
plate tapping, single leg countermovement jump, single leg forward hop test, 6 m single leg hop test,
and 505 change of direction (time and deficit)). Paired sample t-tests compared the dominant (overall
highest/best (performance) value) against the non-dominant value (highest/best (performance)
value of the opposing extremity). Linear regressions were used to explore the relationship between
lean mass and functional asymmetry magnitudes. Kappa coefficients were used to examine the
consistency in direction between the extremity displaying the highest lean mass value and the
extremity performing dominantly across tests. Significant asymmetry magnitudes (p < 0.05) were
found for all upper and lower extremity lean mass and functional values. No relationship was
apparent between lean mass and functional asymmetry magnitudes (p-value range = 0.131–0.889).
Despite finding perfect consistency in asymmetry direction (k-value = 1.00) for the upper extremity,
poor to fair consistency (k-value range = −0.00–0.21) was found for the lower extremity. In conclusion,
lean mass and functional asymmetries should be examined independently.

Keywords: women; performance; unilateral; racket sport

1. Introduction

As one of the most popular sports globally, tennis is characterised by short high-
intensity efforts which are alternated by bouts of recovery [1,2]. During these high-intensity
efforts, tennis strokes are performed during which the preferred upper extremity of the
player (i.e., the upper extremity holding the racket) is exposed to greater mechanical load-
ing compared to the opposing upper extremity (i.e., the non-preferred upper extremity) [3].
Consequently, this predominantly unilateral sport is ideally suited to examine the occur-
rence of lean mass asymmetries (i.e., side-to-side differences in lean mass, expressed as
a percentage) [4,5]. For instance, using Dual X-ray Absorptiometry (DXA), significant
asymmetries between the preferred and non-preferred upper extremity in terms of lean
mass (i.e., which includes muscle mass and body water) have previously been reported in
both male (i.e., 9.7%) and female (i.e., 6.8%) tennis players [6,7].

In addition to the upper limbs, the lower extremities of tennis players are also subjected
to asymmetrical loading due to their specific role in the kinetic chain when performing the
various tennis strokes [8,9]. Several previous studies have examined lower extremity lean
mass asymmetries by means of DXA in male youth [10], professional male adult [11] and
high-level female adult tennis players [6], but reported varying results. For instance, the
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two beforementioned studies examining (youth) male tennis players indicated no signifi-
cant lower extremity lean mass asymmetries (i.e., 0.6–0.8%), whilst the study examining
female tennis players demonstrated significant lower extremity lean mass asymmetries
(i.e., 4.8%). An important consideration, however, is that the latter study did not relate
these significant side-to-side differences in lower extremity lean mass to players’ tennis-
specific physical performance (which may increase our knowledge regarding the impact
of lean mass asymmetries). Hence, and in addition to the reported contradictory results,
more research into (lower extremity) lean mass asymmetries in female tennis players is
warranted.

Along with the occurrence of lean mass asymmetry, the presence of functional asym-
metry (i.e., side-to-side differences in physical performance (e.g., strength or power), again
expressed as a percentage) has also been established. Consequently, significant magnitudes
of upper (i.e., 8.9–15.2%) and lower extremity (i.e., 1.8–9.4%) functional asymmetries have
previously been reported in high-level female tennis players [12]. When examining func-
tional asymmetries, it is essential to use a composite test battery (as opposed to isolated
testing) given the direction specificity of asymmetries (i.e., which extremity displays higher
values and/or is dominant in performance) between different sporting tasks [13]. For
instance, the beforementioned study in high-level female tennis players reported that the
preferred upper extremity consistently demonstrates superior performances compared to
the opposing upper extremity. In contrast, the lower extremity was found to display poor
levels of agreement as to which leg performed better across tests (i.e., the kappa coeffi-
cients ranged from −0.07 to 0.17), illustrating the direction specificity of lower extremity
functional asymmetries [12].

It is important to note that both lean mass and functional asymmetries have, albeit
separately, been associated with a decreased sport-specific performance, in addition to
an increased injury risk [13–15]. However, no study has simultaneously examined both
types of asymmetry. As a result, research regarding the relationship between lean mass
asymmetry and functional asymmetry, both at the upper and lower extremity level, is
currently lacking. More specifically, it is unknown whether a high(er) magnitude of lean
mass asymmetry implies a high(er) magnitude of functional asymmetry (i.e., which could
be the case since muscle mass (which entails lean mass) is reported to be a key determinant
of functional strength and power) [16]. Similarly, regarding the agreement in direction
between lean mass and functional asymmetry, it is unknown whether the extremity that
displays the highest lean mass value also displays the best performance across body sides.
As a result, the mutual relationship and the agreement in direction between both lean
mass asymmetry and functional asymmetry remains to be investigated. Due to the lack of
previous research in this respect (especially in female tennis players), this study aimed to
examine the relationship between lean mass and functional asymmetry in terms of their
magnitude and direction in high-level female tennis players.

2. Materials and Methods
2.1. Participants

Twenty-two high-level Belgian female tennis players aged between 17 and 27 years
participated in this observational cross-sectional study. To be eligible for participation,
these female tennis players had to be injury-free at the time of measurement and either
have an international tennis ranking (i.e., Women’s Tennis Association or International
Tennis Federation) or a high national tennis ranking (i.e., being in the top 200 of the Belgian
circuit ranking). Our study protocol was approved by the local university’s medical ethics
committee prior to data collection (B.U.N. 143201836107). The female tennis players,
together with their legal guardians if they were still minor, were informed about the
purposes of this study and signed an informed consent upon participation.
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2.2. Procedures and Experimental Design

Data collection took place in the local university’s biometry and biomechanics labora-
tory facilities between March 2019 and September 2020. Firstly, the female tennis players
were asked to fill in a questionnaire to provide basic demographic and sport-specific in-
formation (i.e., date of birth, dominant upper extremity, starting age of tennis play and
average weekly training volume over the last year). Next, after voiding their bladder
and whilst being barefoot in light sports clothing, participants’ body height and weight
were measured to the nearest 0.1 cm and 0.002 kg using a stadiometer (SECA 217, Ham-
burg, Germany) and precision scale (RADWAG WLT 60/120/X/L3, All scales Europe,
Veen, The Netherlands), respectively. Table 1 presents the demographic, sport-specific and
anthropometric information of the 22 female tennis players included in our study sample.

Table 1. Demographic, sport-specific and anthropometric information of the high-level female tennis
players (N = 22).

High-Level Female Tennis Players

Age (years) 20.9 ± 3.6
Height (cm) 169.5 ± 4.8
Weight (kg) 62.5 ± 8.3

Starting age of tennis play (years) 6.1 ± 1.4
Training volume (hours/week) 10.2 ± 6.2

Handedness (n, right/left) 21/1
Note: Data are presented as n or mean ± standard deviation.

2.3. Lean Mass

DXA research scans (Norland Elite, Swissray, Fort Atkinson, WI, USA) of both the
preferred and non-preferred upper extremity as well as the right and left lower extremity
were conducted by the same researcher, who was intensively trained by the DXA scan
manufacturer upon data collection, in order to determine participants’ regional lean mass
to the nearest 0.1 g. The DXA scanner was calibrated in accordance with the manufacturer’s
guidelines before each test session. Participants were instructed to lie as straight and still
as possible in a supine position on the DXA scan table after the removal of all metal objects
(e.g., earrings). The scan width was set to 6 × 6 mm, whilst a scan speed of 130 mm/s was
applied. The upper extremity region included the upper arm, lower arm and hand, and
was separated from the trunk by an inclined line passing through the scapula-humeral joint.
The lower extremity region included the upper leg, lower leg and foot, and was separated
from the trunk by an inclined line passing just below the pelvis [11]. The DXA research
scans were analysed with the Norland Illuminatus software (Swissray, Fort Atkinson,
WI, USA).

2.4. Functional Test Battery

A physical performance field-based test battery was used to examine the magnitude
of functional asymmetry. Participants were instructed to wear their normal tennis outfit
and sports shoes whilst performing the test battery, consisting of 8 different unilateral
tests. A standardised 10-min warm-up, involving light running exercises and dynamic
stretches, was implemented before completing the test battery. The different tests were
always completed in the same order, ensuring alternation in testing the upper and lower
extremities. The participants were guided through the test battery by the same well-trained
researcher. Each participant was given three attempts per body side for every test. The
first attempt of a test was always performed with the right body side, whereas the second
attempt was always performed with the left body side, ensuring alteration between both
sides of the body during testing. Participants were given 60 s of rest between attempts and
3 min of rest between tests to ensure adequate recovery.

Handgrip strength: Participants were instructed to squeeze as hard as possible (for
three seconds) in a digital handheld dynamometer with an accuracy of 0.1 kg (Jamar
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Plus, Patterson Medical, Nottinghamshire, UK), while being seated in a chair without
armrests. The elbow of the participants had to remain 90 degrees flexed throughout every
attempt [17].

Seated shot-put throw: Participants were seated on the ground with their back against
a wall and their hips, knees and ankles parallel to the ground. The non-throwing arm was
placed on the opposite (i.e., throwing) shoulder. From this position, participants had to
throw a 3-kg medicine ball as far as possible in a forward direction. The distance where
the medicine ball landed on to the ground was measured to the nearest 1 cm using a tape
measure [18].

Plate tapping: Two discs (with a diameter of 20 cm) were placed with their centres
60 cm apart on a table together with a 10 × 20 cm rectangle (which was placed in between
the two discs). Participants started the test with one hand placed on one of the two discs,
whilst the other hand was placed on the rectangle in the middle. The aim of the plate
tapping test was to move one hand back and forth between both discs over the other hand
(which was on the rectangle) as fast as possible. This action was repeated for 25 full cycles
(i.e., 50 taps on the discs) and the time needed to complete this test was recorded to the
nearest 0.01 s using a hand-held stopwatch [19].

Single leg countermovement jump: Participants were instructed to jump up as high
as possible on one leg. Throughout the jump, they were instructed to hold their hands on
their hips. Swinging of the non-jumping leg was not allowed and the jumping leg had to
remain completely extended throughout the flight phase. Participants needed to keep their
balance on one leg after landing, otherwise an extra attempt was provided. Jumping height
was determined to the nearest 0.1 cm using the Optojump Next system (Microgate Bolzano,
Italy) [20].

Single leg forward hop test: Participants stood on one leg behind a tape line whilst
holding their hands on the hips. They had to jump as far as possible in a forward direction
landing on the same foot without losing their balance (e.g., moving their foot on which they
land or planting the other foot on to the ground). If participants were not able to maintain
their balance on one leg after landing, an extra attempt was provided. The covered distance
from the starting line to the heel of the participants’ landing foot was measured to the
nearest 1 cm using a tape measure [21].

6 m single leg hop test: Participants were instructed to cover 6 m as fast as possible
whilst hopping on one leg. The time needed to cover these 6 m was measured to the nearest
0.001 s using electronic timing gates (Witty Wireless Training Timer, Microgate, Bolzano,
Italy). These timing gates were placed at hip height and participants had to start behind a
tape line which was located 30 cm from the first timing gate.

505 change of direction time (505 COD time) and deficit (505 COD deficit): First,
participants’ 10 m sprint time was measured to the nearest 0.001 s using electronic timing
gates (Witty Wireless Training Timer, Microgate, Bolzano, Italy). Next, their 505 COD
time was determined to the nearest 0.001 s based on performing the 505 COD test, which
consisted of a 5 m sprint, followed by a 180◦ turn to either the left or the right side, and a
5 m sprint back to the starting line. Participants’ 505 COD deficit was then calculated by
deducting their 10 m sprint time from their 505 COD time [22].

2.5. Asymmetry Calculations

The dominant value was defined as the highest lean mass value or the best (i.e.,
highest or fastest) value for a test of the functional test battery. The non-dominant value
was defined as the highest or best result of the same outcome measure for the opposing
upper or lower extremity [23]. The magnitude of lean mass and functional asymmetry
was calculated for every outcome measure and expressed as a percentage by using the
percentage difference method (PDM): (dominant value − non-dominant value)/dominant
value) × 100 [24].
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2.6. Statistical Analyses

Data analysis was conducted using SPSS version 27.0 (IBM, Chicago, IL, USA). Nor-
mality of distribution was examined for every outcome measure using the Shapiro–Wilk
test. Variability and reliability of every outcome measure was verified by calculating the
coefficient of variation (CV) and a two-way random intraclass correlation coefficient (ICC)
with 95% confidence intervals. CV values of less than 10% were considered acceptable
and ICC values were classified as poor (<0.50), moderate (0.50–0.74), good (0.75–0.89) and
excellent (>0.90) [25,26]. Paired sample t-tests were used for within-subject comparisons
of the dominant against the non-dominant values for every outcome measure. Effect size
analyses using Hedges’ g were conducted of the side-to-side difference between the domi-
nant and non-dominant values and classified as trivial (<0.20), small (0.20–0.49), medium
(0.50–0.79) or large (>0.80) [27]. A linear regression analysis, adjusting for the participants’
age, was used to examine the relationship between the magnitude of lean mass asymmetry
and the magnitude of functional asymmetry [28]. Lastly, the consistency in direction as to
which extremity displayed the dominant lean mass value and which extremity performed
dominantly across the different field tests of the functional test battery was examined
using Kappa coefficients. These Kappa coefficients were classified as poor (≤0), slight
(0.01–0.20), fair (0.21–0.40), moderate (0.41–0.60), substantial (0.61–0.80), almost perfect
(0.81–0.99) and perfect (1.00) [29]. All data are presented as means ± standard deviations
and p-values <0.05 were considered statistically significant.

3. Results

Every outcome measure showed acceptable reliability (i.e., all CVs were below 10%)
and excellent reliability (i.e., all ICCs were above 0.90) as presented in Table 2. The lean
mass and functional asymmetry values for our study sample of high-level female tennis
players are displayed in Table 3. Significant magnitudes of lean mass and functional
asymmetry for all outcome measures were found (t-value range = 4.027–8.638; p < 0.001).
Effect sizes between the side-to-side differences of the dominant and non-dominant values
ranged from small to large.

Table 2. Variability and reliability of the DXA research scans and the unilateral tests of the functional
test battery.

CV ICC (95% CI)

DXA research scan
Upper extremity lean mass 2.3 0.99 (0.99, 1.00)
Lower extremity lean mass 2.3 0.98 (0.98, 1.00)

Functional test battery
Upper extremity field tests

Handgrip strength 2.9 0.96 (0.95, 0.98)
Seated shot-put throw 4.8 0.95 (0.91, 0.98)

Plate tapping 3.8 0.94 (0.89, 0.97)
Lower extremity field tests

Single leg countermovement jump 5.9 0.97 (0.95, 1.00)
Single leg forward hop test 3.5 0.98 (0.96, 1.00)

6 m single leg hop test 2.4 0.98 (0.95, 1.00)
505 changes of direction

Time 1.5 0.98 (0.96, 1.00)
Direction 3.9 0.97 (0.92, 1.00)

Note: DXA = Dual X-ray Absorptiometry; CV = coefficient of variation; ICC = intraclass correlation coefficient;
95% CI = 95% confidence interval.
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Table 3. Upper and lower extremity lean mass and functional asymmetry values of the high-level female tennis players
(N = 22).

Dominant Value Non-Dominant Value ES (95% CI) PDM (%)

Lean mass
Upper extremity (g) 2069.9 ± 356.8 1935.1 ± 299.1 0.41 (−0.10, 0.90) 7.1 ± 4.8 *
Lower extremity (g) 8453.8 ± 1226.0 8060.7 ± 1225.8 0.31 (−0.18, 0.81) 4.8 ± 2.9 *

Functional test battery
Upper extremity

Handgrip strength (kg) 38.9 ± 6.7 33.8 ± 5.8 0.80 (0.28, 1.31) 13.2 ± 8.3 *
Seated shot-put throw (cm) 328.2 ± 45.9 296.8 ± 44.0 0.70 (0.18, 1.20) 9.5 ± 5.0 *

Plate tapping (sec) 10.24 ± 1.50 11.47 ± 1.75 0.74 (0.23, 1.25) 11.1 ± 6.0 *
Lower extremity

Single leg countermovement jump (cm) 15.0 ± 3.5 13.7 ± 3.0 0.40 (−0.11, 0.89) 8.4 ± 6.3 *
Single leg forward hop test (cm) 142.7 ± 16.7 136.1 ± 18.5 0.37 (−0.13, 0.87) 4.8 ± 4.2 *

6 m single leg hop test (sec) 1.938 ± 0.168 2.010 ± 0.172 0.42 (−0.09, 0.84) 3.6 ± 3.2 *
505 change of direction

Time (sec) 3.249 ± 0.174 3.311 ± 0.181 0.34 (−0.16, 0.84) 1.9 ± 1.7 *
Deficit (sec) 1.144 ± 0.109 1.207 ± 0.120 0.54 (−0.03, 1.04) 5.0 ± 4.3 *

Note: Data are presented as mean ± standard deviation; ES = effect size; 95% CI = confidence interval; PDM = percentage difference
method; * Significant (p < 0.05) magnitude of asymmetry between body sides.

For every field-based test, the corresponding individual lean mass asymmetry magni-
tudes alongside functional asymmetry magnitudes are displayed in Figure 1 for the upper
extremity and in Figure 2 for the lower extremity. No significant relationship between the
magnitude of lean mass asymmetry and the magnitude of functional asymmetry (F-value
range = 0.021–3.461; r-value range = −0.232–0.254; p-value range = 0.131–0.889) was found
as lean mass asymmetry magnitude could only explain 0.1 to 15.9% of the functional
asymmetry magnitude.

The consistency in direction between the upper extremity displaying the dominant
lean mass value and the upper extremity performing dominantly on the tests of the
functional test battery was classified as perfect. For the lower extremity, the consistency
between the lower extremity displaying the dominant lean mass value and the lower
extremity performing dominantly across tests were classified from poor to fair (Table 4).
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Table 4. Kappa coefficients indicating the consistency in direction between the dominant lean mass
value and the dominant performance value across unilateral tests for the high-level female tennis
players (N = 22).

Kappa Description

Upper extremity lean mass
Handgrip strength 1.00 Perfect

Seated shot-put throw 1.00 Perfect
Plate tapping 1.00 Perfect

Lower extremity lean mass
Single leg countermovement jump 0.18 Slight

Single leg forward hop test 0.00 Poor
6 m Single leg hop test 0.18 Slight

505 Change of direction time/deficit 0.21 Fair
Note: Kappa coefficients are classified as poor (≤0), slight (0.01–0.20), fair (0.21–0.40), moderate (0.41–0.60),
substantial (0.61–0.80), almost perfect (0.81–0.99) and perfect (1.00).

The consistency in direction between the upper extremity displaying the dominant
lean mass value and the upper extremity performing dominantly on the tests of the
functional test battery was classified as perfect. For the lower extremity, the consistency
between the lower extremity displaying the dominant lean mass value and the lower
extremity performing dominantly across tests was classified from poor to fair, depending
on the field test at hand (Table 4).

4. Discussion

This observational cross-sectional study aimed to examine the relationship between
lean mass and functional asymmetry in terms of their magnitude and direction in high-
level female tennis players. The results of our study indicated no meaningful relationships
between the magnitude of lean mass asymmetry and functional asymmetry in either the
upper or the lower extremities. Additionally, consistency in the direction of asymmetry
between the extremity displaying the highest lean mass value and the extremity displaying
the dominant performance value for the functional tests across body sides was perfect for
the upper extremity, whereas this consistency in dominance for both types of asymmetry
ranged from poor to fair as regards to the lower extremity.
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The significant magnitude of upper extremity lean mass asymmetry found in this
study (i.e., 7.1%) can be largely attributed to the mechanical loading imposed to the
preferred upper extremity associated with the repetitive performance of tennis strokes [4].
Interestingly, the preferred upper extremity of all high-level female tennis players included
in the present always displayed the highest lean mass value. In agreement with the results
of the upper extremity, significant lower extremity lean mass asymmetries (i.e., 4.8%) were
found in our sample of Belgian high-level female tennis players. Even though most of them
were right-handed (i.e., 21 out of 22 players), the majority displayed a higher lean mass of
the left leg compared to the right leg (i.e., 18 out of 22 players). This could be explained by
the previously reported occurrence of cross-asymmetry where the contralateral leg (i.e., the
leg opposed to the preferred upper extremity) plays an important role in counterbalancing
the torques of the upper extremity performing the various tennis strokes [6,8,9]. It is
important to consider that the present study compared the dominant versus the non-
dominant value to examine and report lower extremity lean mass asymmetries as opposed
to using the values of the self-reported preferred lower extremity by asking, for example,
on which leg participants prefer to perform a single leg hop [24]. The latter could lead to
an incorrect calculation of the asymmetry magnitude as a percentage should be calculated
with respect to the highest value [24,30].

The magnitude of upper extremity functional asymmetry ranged from 9.5 to 13.2% in
our study, which is indicative of significant inter-limb asymmetries. Again, these significant
inter-limb asymmetries can be principally attributed to the predominantly unilateral nature
of tennis [3]. It is important to note that the preferred upper extremity of the included
high-level female tennis players always performed dominantly across all upper extremity
tests. Although lower than the magnitude of upper extremity functional asymmetry, the
overall magnitude of functional asymmetry at the lower extremity level ranged from 1.9 to
8.4%, indicating significant functional asymmetries for all lower extremity performance
tests. However, due to the task specificity of lower extremity functional asymmetries, there
was no occurrence of cross-asymmetry across the functional tests for the lower extremity,
as also mentioned in earlier research [12]. The highest asymmetry magnitude was found
for the single leg countermovement jump (i.e., 8.4%). This result is in agreement with
previous studies that have reported jump height from the single leg countermovement
jump as being a sensitive physical performance test to examine functional asymmetries,
especially when compared to jumping in a forward direction [31,32]. Nevertheless, it can
be argued that it is surprising to find significant lower extremity functional asymmetries in
a study sample of high-level female tennis players because being equally physically skilled
on both lower extremities could be advantageous from a performance perspective [13].

As indicated by the results of this study, lean mass asymmetry and functional asymme-
try do not seem to be related in terms of their magnitude given that lean mass asymmetry
magnitude could only explain between 0.1 and 15.9% of the functional asymmetry mag-
nitude. This is surprising because lean mass (which also encompasses muscle mass) has
been reported to be a key determinant of functional strength and power [16], although it
has been reported that other factors such as neuromuscular control and joint coordination
also contribute to strength and power development [15,33]. Therefore, it is recommended
that practitioners examine lean mass and functional asymmetries independently from one
another. Additionally, the non-existent relationship between lean mass and functional
asymmetry may have implications when designing targeted training programmes to coun-
teract the reported negative influences of asymmetry (as it is unclear whether practitioners
should focus on lean mass and/or functional parameters) [13–15]. Regarding the direc-
tion of asymmetry, there was a poor to slight consistency between the lower extremity
displaying the dominant lean mass value and the lower extremity performing dominantly
across the functional tests. This result was in contrast to the upper extremity, which dis-
played perfect levels of agreement. Consequently, the reported lower extremity results
in this respect highlight the task and direction specific nature of asymmetry during the
execution of different tasks, with Kappa values of the present study being comparable to
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those in previous research [20,32]. Because the extremity displaying the highest lean mass
value does not consistently perform dominantly at lower limb level, it is recommended
that practitioners examine and interpret both lean mass and functional asymmetry in an
independent manner. Additionally, the assessment of asymmetries should be performed
regularly and on an individual player basis, so that an asymmetry profile can be made to
closely monitor each tennis player [20,34].

This is the first study to examine and report both lean and functional asymmetry of the
upper and the lower extremity in high-level female tennis players using individual data. It
can be argued that high-level tennis players are well suited to examine asymmetries because
reaching such a level requires a high training volume and given the reported association
between a high training volume and the occurrence of asymmetry [10]. Additionally, all
players included in our study sample started to play tennis before the onset of puberty,
which has been reported to result in greater asymmetry magnitudes [4]. Furthermore,
functional asymmetry was examined using a valid, reliable and elaborated field-based
test battery, as opposed to isolated testing, which is important given that asymmetries are
reported to be movement or task-specific [34], as clearly demonstrated by our findings at
the level of the lower limb. However, some limitations to our research are apparent. The
present study implemented a cross-sectional design, which included a small sample size
(although a post hoc power analysis revealed that the statistical power of this study was
91%). However, a control group was not included and the association between lean mass
and functional asymmetry with decreased sport-specific performance, and injury incidence,
was not examined. Therefore, future research is needed to examine the influence of lean
mass and functional asymmetry on sports-specific performance and injury incidence using
a longitudinal design. Additionally, more precise tools (e.g., force plates or isokinetic
dynamometry) and outcome measures (e.g., leg stiffness, ground contact time or force)
could be used when examining functional asymmetries [35].

5. Conclusions

To conclude, the significant lean mass and functional asymmetries of both the upper
and lower extremity were not related in terms of their magnitude among high-level female
tennis players. Additionally, the consistency between the extremity displaying the domi-
nant lean mass value and the extremity displaying the dominant performance value across
the functional tests was perfect for the upper extremity, whereas this consistency ranged
from poor to fair for the lower extremity. When examining asymmetries in tennis players,
it is recommended that both the magnitude and direction thereof should be considered
and interpreted independently of one another in view of asymmetry profiling because no
mutual relationship between both constructs could be demonstrated. It is also essential
to examine and monitor both upper and lower extremity asymmetries on an individual
player basis and to examine functional asymmetries using an elaborated field-based test
battery. Future more in-depth research is also needed to investigate the impact of lean mass
and functional asymmetries on female players’ sports-specific performance and injury
incidence using longitudinal (and/or experimental) study designs.
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Abstract: High-intensity interval running (HIIT-R) and high-intensity functional training (HIFT) are
two forms of HIIT exercise that are commonly used. The purpose of this study was to determine
the effects of HIFT on aerobic capacity and body composition when compared to HIIT-R in females.
Twenty healthy, untrained female university students (age 20.5 ± 0.7 year) were randomly assigned
to a 12-week HIIT-R or HIFT intervention. The HIIT-R group involved a 30 s maximal shuttle run
with a 30 s recovery period, whereas the HIFT involved multiple functional exercises with a 2:1
work-active recovery ratio. Body composition, VO2max, and muscle performance were measured
before and post intervention. As a result, HIIT-R and HIIT-F stimulated similar improvements in
VO2max (17.1% ± 5.6% and 12.7% ± 6.7%, respectively, p > 0.05). Only the HIIT-F group revealed
significant improvements in muscle performance (sit-ups, 16.5% ± 3.1%, standing broad jump
5.1% ± 2.2%, p < 0.05). Body fat percentage decreased (17.1% ± 7.4% and 12.6% ± 5.1%, respectively,
p < 0.05) in both HIIT-R and HIIT-F with no between-group differences. We concluded that HIFT
was equally effective in promoting body composition and aerobic fitness compared to HIIT-R. HIFT
resulted in improved muscle performance, whereas the HIIT-R protocol demonstrated no gains.

Keywords: high-intensity interval training; high-intensity functional training; body composition;
aerobic fitness; muscle performance

1. Introduction

Regular physical activity (PA) is beneficial for health [1–3]. Despite the well docu-
mented benefits of moderate- to vigorous-intensity PA, 31% of adults worldwide do not
engage in sufficient PA for health benefits as recommended by the World Health Organi-
zation (WHO) and the American College of Sports Medicine (ACSM) [4–6]. Frequently
reported barriers to physical activity are physical exertion, time, and financial expen-
diture [7,8]. Thus, compared to traditional continuous training, which is characterized
by long-duration, continuous aerobic exercises, and moderate-intensities, high-intensity
interval training (HIIT) appears to be an efficient pathway to enhance PA and improve
health [9].

HIIT involves repeated bouts of high-intensity exercises separated by a recovery using
low-intensity activities or inactivity [10]. Recent studies had indicated that HIIT has a
similar, or even greater positive, effect on physical fitness, especially on body composition
and cardiorespiratory health [11–14]. From a time/benefit perspective, HIIT appears to
help physically inactive individuals overcome a major time and participation barrier to
maintaining a healthier lifestyle [15].
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Originally, HIIT was used to improve the performance of endurance athletes [16].
Cycling, running, and rowing are traditional exercise modalities that adopted the use of
HIIT protocols, while for individuals who perform exercise for health and recreation, these
traditional modalities seem boring and do not engage individuals because of the repetitive
nature of the exercise combined with repetition. This is considered as a negative impact for
maintaining regular exercise and has been cited as “lack of enjoyment” when investigating
barriers to exercise [17].

The intrinsic factors of participants are also important when considering exercise
adherence [18,19]. Several studies have revealed that adherence is affected by exercise
intensity, especially among inactive individuals [20,21].

High-intensity functional training (HIFT) has become a relatively popular training
modality in recent years and is an alternative to traditional aerobic activities. The HIFT
protocol consists of a variety of functional movements that are executed at a high inten-
sity [22,23]). Recently, several investigators have studied the effects of HIFT on physical
fitness promotion. After engaging in HIFT protocols, participants show significant improve-
ments in cardiorespiratory fitness [24,25] and body composition [25,26]. Providing similar
or greater health promotions compared to moderate-intensity continuous training, HIFT
demonstrates further improvements in muscle fitness [27,28]. Additionally, participants
perceive this type of activity to be more enjoyable when engaging in HIFT compared to
those individuals performing traditional HIIT [29,30]. Moreover, most HIFT protocols are
executed using the participant’s own body weight, allowing the participant to control the
exercise intensity. This helps to improve exercise adherence [7,19,20].

Although studies have shown that HIFT has similar or superior benefits for physical
fitness compared to moderate-intensity continuous training and have indicated more
enjoyment compared to HIIT, the question remains as to whether HIFT is as efficient as
HIIT for improving health-related fitness.

While HIFT is not synonymous with HIIT, they share an important conceptual com-
monality in the modality of both being of a high intensity. The current study was under-
taken to clarify how a functional exercise based on HIIT would improve fitness parameters
such as fat mass, blood pressure, VO2max, and muscle endurance following a 12-week
intervention compared to changes achieved using a running-based HIIT. The purpose of
this study was to investigate the effects of different kinds of training on fitness parameters
in untrained female university students. It was hypothesized that (a) aerobic fitness would
be increased in both the HIIT-F and HIIT-R groups; (b) that fat mass would be decreased in
both the HIIT-F and HIIT-R groups; and (c) that muscular strength and endurance would
be improved in the HIIT-F group.

2. Materials and Methods
2.1. Participants

Twenty untrained healthy females who were physical inactive volunteered to partic-
ipate the study. Participants who did not exercise for more than 2 h weekly for at least
12 months were considered as physically inactive [31]. All of the participants were in
their second year of a non-physical education-related degree at Ningbo University. Similar
self-reported menstrual cycles were required, ensuring the simultaneity of testing and
training. Interventions were suspended for 1 week during menstruation, and the normal
menstruation period lasted for 3 to 10 days [32,33]. A randomized controlled research
design was utilized, and participants were randomly assigned into a running-based HIIT
(HIIT-R) (n = 10) or a functional training-based HIIT (HIIT-F) (n = 10). The participants were
nonsmokers and were instructed to maintain their normal dietary intake and lifestyle habits
(sleep, sit, and physical activity) throughout the intervention. Nutritional supplements and
intense exercise beyond their usual exercise habits were forbidden during the intervention
period [31]. All of the participants were fully familiarized with the test procedures and
data collection methods prior to the intervention. Written informed consent was provided

48



Int. J. Environ. Res. Public Health 2021, 18, 11312

by all participants. The study was approved by the Ningbo University ethics committee.
The characteristics of the participants at baseline are detailed in Table 1.

Table 1. Baseline characteristics of HIIT-R and HIIT-F group.

Parameter HIIT-R Group (n = 10) HIIT-F Group (n = 10) p-Value

Age (yrs) 20.7 ± 0.6 20.2 ± 0.7 p = 0.14
Height (m) 161.1 ± 3.1 160.7 ± 2.8 p = 0.76
Weight (kg) 56.6 ± 6.7 57.8 ± 6.7 p = 0.69

Lean muscle mass (kg) 36.5 ± 1.7 36.0 ± 2.1 p = 0.53
BMI (kg/m2) 21.9 ± 3.1 22.4 ± 2.2 p = 0.70

WHR 0.80 ± 0.0 0.80 ± 0.0 p = 0.79
Body fat (%) 31.6 ± 4.1 32.3 ± 3.6 p = 0.71

HR resting (bpm) 70.8 ± 13.9 72.5 ± 11.2 p = 0.77
HR max (bpm) 188.2 ± 9.7 189.1 ± 10.4 p = 0.18

VO2max (mL/kg/min) 31.3 ± 7.0 32.8 ± 5.4 p = 0.61
Notes: BMI, body mass index; bpm, beats per minute, HIIT-F, functional exercise-based high-intensity interval
training; HIIT-R, running-based high-intensity interval training; HR resting, resting heart rate; HR max, maximal
heart rate; VO2max, maximal oxygen uptake; WHR, waist to hip ratio; yrs, years old.

2.2. Procedures

A randomized controlled trial was used in this study. Each participant completed
twelve weeks of 36 sessions of HIIT-R or HIIT-F intervention (three sessions per week)
comprising a total of 19 min per session (10 min warm-up, 4 min work-out, and 5 min
cool-down). All sessions were conducted and monitored at the same indoor stadium and
at the same time of day between 9:00–10:00 a.m. Heart rates (HR) were collected with
an activity wristband (Mi Smart Band 5, Xiaomi, Beijing, China) during each session to
ensure that the required high intensity was achieved. The reliability and validity of the
heart rate index and distance index were reported in a previous study [34]. The activity
wristband was required to be worn tightly on the participant’s wrist. The HR index was
measured based on changes in the light transmittance caused by blood flow density using
optical sensing technology, and the distance index was measured by a triaxial acceleration
sensor. Two measurement time points (pre- and post-intervention) were included. The
participants were instructed to abstain from drugs, alcohol, and intense exercise two days
prior to the baseline and post-intervention measurements. On the first measurement day,
the participants presented themselves at 8:00 a.m. and underwent a body composition
analysis, physical, and physiology measures as well as resting heart rate (HRresting) and
blood pressure (BP) measurements under standardized conditions. The aerobic fitness
assessment was conducted using a 12 min running test, which was completed on two days,
with 24 h observed between each test. The first running test was scheduled on the first
measurement day following the completion of all of the other tests, and the second trial
was 24 h later. The average of the two data sets was used to assess aerobic fitness. After
resting for a week [35], both groups began the training intervention. Post-intervention
measurements were performed using the same methodologies as at baseline and were
undertaken two days following all of the training sessions [11]. During the intervention
period, additional exercises including habitual training were suspended.

2.3. Physical, Physiological and Body Composition Assessment

Participants were instructed to arrive at the laboratory 9:00 a.m. after a normal
breakfast. Before the measurements were taken, participants were asked to empty their
bladder to minimize measurement errors caused by “electrically silent” [36]. Under the
guidance of two skilled operators and while wearing normal PE clothing, the participants stood
on a bioelectrical impedance analysis device (BIA) (MC-180, TANITA CO., Dongguan, China)
and data were presented from the device’s associated software and included height, weight,
waist and hip circumference, lean muscle mass, and body fat percentage. Body mass index
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(BMI) was obtained by dividing weight (kg) by height (m) squared. Waist-to-hip ratio
(WHR) was obtained by dividing waist (cm) by hip (cm). Blood pressure and resting HR
were measured using an automatic upper arm blood pressure monitor (HEM-1000, Omron,
Dalian, China). The average of the two data sets was used for analysis.

2.4. Aerobic Fitness Test

The most reliable and effective way to measure aerobic capacity is to record each
individual subject’s VO2max [37]. Although maximal-effort tests are commonly used
to measure VO2max, for untrained participants, submaximal exercises can be used as a
reliable measure to estimate this value. Cooper’s 12 min running test was used to assess
aerobic fitness in this study. All of the participants completed two trials of the running test
separated by 24 h of rest. After a 5 min warm up, the participants were required to wear
an activity wristband (Mi Smart Band 5, Xiaomi, China) and commenced running on a
standard 400-metre running track. Subjects were instructed to run as many laps as possible
on a standard outdoor track during the 12 min test period. All of the participants were
encouraged verbally and were instructed to focus on their own pace throughout the test.
The experimenter verbally provided the elapsed time at 3, 6, and 9 min. At the end of the
12 min period, the experimenter called “stop”. All of the participants ceased running and
stood still, until the distance achieved, and maximal heart rate (HRmax) were recorded. The
HRmax displayed on the activity wristband was recorded immediately upon the cessation
of exercise, and the higher value of the two trials was used for analysis. The total distance
run was determined by measures obtained from the activity band. An estimated VO2max
was calculated using Cooper’s standardized equation [38]. The calculated VO2max was
highly correlated with the laboratory-determined one and had acceptable reliability and
validity (r = 0.897) [38]. The average of the two data sets was used to determine the
VO2max.

2.5. Muscle Performance Test

Muscle performance was assessed using a field-based muscle fitness test battery.
Timed sit-ups, push-ups with flexed knee (modified for females), and standing broad
jump were recommended by previous studies to assess muscle performance [26,39–41]. All
of the participants were instructed to perform the tests under supervision, and the data
were recorded by the same experimenter. To assess abdominal muscular performance,
the participants were asked to perform as many sit-ups as possible during a one-minute
test period. The number of sit-ups that were completed correctly were recorded. A sit-up
that met the following criteria was recorded: the participant lay supine on the mat with
their hands crossed behind their head, elbows pointed straight forward, and knees bent
at 90 degrees. The ankles were firmly held by the experimenter. During the execution
of the test, the participants sat up with their heads clasped in their hands, and then their
elbows touched or went over the knees, and the participant went back with their shoulders
touching the mat [42]. To assess upper body strength and endurance, the flexed knee
push-up option was used as a gender modification [39]. A correct flexed knee push-up
met the following criteria: participants knelt on the mat with their knees bent to the mat
with their arms propped on the mat slightly wider than the shoulders. When the test
began, the participants were instructed to lower their body by bending their arms until
their elbows were bent at a 90-degree angle and their chest was placed within 2 inches of
the mat, subjects then pushed up to the starting position [43,44]. The number of correctly
completed push-ups during a one-minute test period was recorded as upper body strength
and endurance. Finally, the standing broad jump test was used to assess the muscle power
of the lower limbs. The participants wore sneakers and stood behind the starting line with
their feet placed naturally at a shoulder width apart. When testing began, the participants
were instructed to bend the knees, swing the arms, and jump with both feet at the same
time [45]. The jumping distance measured in centimeters was recorded, and the best of
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three jumps was used to determine lower limb performance. All scores were compared for
statistical analysis.

2.6. Intervention

Exercise interventions commenced one week after the last measurement day. Both
the HIIT-R and HIIT-F interventions were conducted three days per week on Mondays,
Wednesdays, and Saturdays for twelve weeks. If the participants were unable to attend a
scheduled exercise day, the exercise was performed on the next day and was monitored by
the same researcher.

Participants in the HIIT-R group were required to complete 144 repetitions of maximal
shuttle running for a total exercise time of 72 min. Each bout included a 30 s maximal
shuttle run between cones placed 20 m apart with a 30 s recovery period between runs. The
validity and reliability of 40 m maximal shuttle run as a measure of anaerobic performance
has been reported previously [46]. The participants completed 4 bouts per session over
three sessions per week. Prior to the intervention, a familiarization trial was provided to
acquaint the participants with the training procedure. Running and recovery times were
recorded manually using a digital stopwatch by the same experimenter. Participants were
encouraged to run at their individual maximal speed for each bout.

Participants in the HIIT-F group performed multiple functional exercises using their
own body weight based on Tabata training [47]. According to a recent study [48], eight
movements were implemented in each session (Table 2). Participants were motivated to
complete as many repetitions of a given movement as possible over 20 s followed by a 10 s
recovery in the form of low intensity stepping. There was no rest period between each
movement. The total training time for each session was 4 min.

Table 2. Details of the functional high-intensity interval training intervention.

Duration Frequency Exercises Exercise Bout/
Recovery Duration

12 weeks 3 sessions/week

Jumping Jacks 20 s
Stepping 10 s

High knees 20 s
Stepping 10 s

Side to side squat 20 s
Stepping 10 s

Mountain climbers 20 s
Stepping 10 s

Forearm plank to
high plank 20 s

Stepping 10 s
Burpees 20 s
Stepping 10 s

Deep squat jumps 20 s
Stepping 10 s

Butt kickers 20 s
Stepping 10 s

The training frequency was the same as the HIIT-R group. All training exercises were
recorded by video, which was provided to the HIIT-F participants prior to intervention to
ensure that they were familiar with the movements and procedures. This video was played
on a screen during the training intervention to ensure that the participants kept up with
the rhythm of each movement.
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To ensure that the interventions were performed at adequate exercise intensity, partici-
pants’ HRs were recorded throughout the session with an activity wristband. The peak
heart rate (HR peak) of each session was considered to be 75% or more of the HRmax that
had been recorded during Cooper’s 12 min running test. All of the sessions began with a
standardized 10 min low-to-moderate running and stretching followed by maximal shuttle
run or functional training and ended with a 5 min cool-down and stretching.

2.7. Statistical Analyses

Statistical analyses were performed using SPSS, version 23.0 (Chicago, IL, USA).
Data were presented as means x± SD. A two-factor analysis of variance with repeated
measures was used to analyze differences in body composition, muscle performance, and
aerobic capacity, with intervention (pretraining and post training) as a within-group factor
and group (HIIT-R and HIIT-F) as a between-group factor. A significant intervention x
group interaction was used to identify training-induced changes in body composition,
muscle performance and aerobic capacity. Data were subsequently checked by Tukey’s
post hoc test if a significant interaction was revealed. Furthermore, paired t-tests were
used to estimate within-group effects, and independent t-tests were conducted to examine
differences between groups. The significance level was established as p < 0.05.

3. Results

All of the participants completed all of the sessions over the twelve-week period.
There were no significant between-group differences in the variables measured at baseline
(Table 1).

• Body Composition

Body composition data are presented in Table 3. There was a significant decrease
(17.4% ± 7.4% for HIIT-R and 12.6% ± 5.1% for HIIT-F, p < 0.05) in the percent body fat for
both groups (Figure 1a), with no interaction effect between HIIT-R and HIIT-F (p > 0.05).
Body mass index (BMI) (Figure 1b) and waist hip ratio (WHR) (Figure 1c) did not change
in either intervention (p > 0.05). Lean muscle mass increased in both groups (1.8% ± 1.4%
for HIIT-R and 1.2% ± 1.2% for HIIT-F, p < 0.05).

• Resting Heart Rate and Blood Pressure

Resting HR (p < 0.05) was improved compared to baseline in both intervention groups,
while no interaction effect was observed. Resting systolic BP and diastolic BP remained
unchanged (p > 0.05) after training in both the HIIT-R and HIIT-F groups.

• Aerobic Capacity

VO2max data was calculated from the following Cooper’s equation: VO2max
(mL/kg/min) = (distance(m)-506)/45. VO2max data for all participants are presented
in Table 3. A significant increase (p < 0.05) in the VO2max was demonstrated in both
training groups compared to baseline measures, while no significant intervention x group
interaction was revealed between HIIT-R and HIIT-F after intervention compared to base-
line (Figure 1c). (p > 0.05). The extent of the change in VO2max was 17.1% ± 5.6% and
12.7% ± 6.7% in the HIIT-R and HIIT-F groups, respectively.

• Muscle Performance

A significant intervention x group interaction displayed significant changes in the
HIIT-R and HIIT-F groups in terms of measures of abdominal and lower limb strength
(Figure 1d). In the HIIT-F group, repetitions completed during the one-minute sit-up test
increased (p < 0.05) by 16.5% ± 3.1% and the distance obtained in the stand broad jumping
test improved (p < 0.05) by 5.1% ± 2.2%, whereas these variables were unaltered (p > 0.05)
in the HIIT-R group. Flexed push-ups were unaltered in both the HIIT-R and HIIT-F groups
(Table 4).
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Table 3. Body composition and aerobic capacity data from HIIT-R and HIIT-F groups.

HIIT-R Group (n = 10) HIIT-F Group (n = 10) Interaction
Effect

Parameter Baseline Post ∆ p-Value Baseline Post ∆ p-Value p-Value η2

Weight (kg) 56.6 ± 6.7 55.8 ± 6.5 −1.3% ± 2.1% ns 57.8 ± 6.7 56.6 ± 6.4 −1.9% ± 3.0% ns ns 0.020
Lean muscle

mass (kg) 36.5 ± 1.7 37.2 ± 1.8 1.8% ± 1.4% p < 0.05 36.0 ± 2.1 36.4 ± 2.1 1.2% ± 1.2% p < 0.05 ns 0.056

BMI (kg/m2) 21.9 ± 3.1 21.6 ± 3.1 −1.3% ± 2.1% ns 22.4 ± 2.2 21.9 ± 2.1 −1.9% ± 3.0% ns ns 0.018
WHR 0.8 ± 0.0 0.8 ± 0.0 −0.6% ± 0.9% ns 0.8 ± 0.0 0.8 ± 0.0 −0.3% ± 0.5% ns ns 0.032

Body fat (%) 31.6 ± 4.1 26.3 ± 4.8 −17.1% ± 7.4% p < 0.01 32.3 ± 3.6 28.3 ± 3.9 −12.6% ± 5.1% p < 0.01 ns 0.118
HR resting

(bpm) 76.5 ± 10.1 74.2 ± 7.4 −2.5% ± 5.5% ns 77.8 ± 9.1 75.3 ± 8.6 −3.1% ± 5.3% ns ns 0.001

HR max (bpm) 188.7 ± 6.7 185.8 ± 6.0 −1.5% ± 1.1% p < 0.05 183.7 ± 9.3 181.8 ± 7.8 −1.0% ± 1.3% p < 0.05 ns 0.050
VO2max

(mL/kg/min) 31.3 ± 7.0 36.7 ± 8.8 17.1 ± 5.6% p < 0.01 32.8 ± 5.4 36.9 ± 6.4 12.7% ± 6.7% p < 0.01 ns 0.075

Note: ∆ (post-baseline)/baseline; ns, no significance; partial η2 value for effect size.
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Table 4. Muscle performance data from HIIT-R and HIIT-F groups.

HIIT-R Group (n = 10) HIIT-F Group (n = 10) Interaction Effect

Parameter Baseline Post-
Training ∆ p-Value Baseline Post-

Training ∆ p-Value p-Value η2

Sit-ups
(reps) 35.3 ± 6.7 35.7 ± 5.9 1.8% ± 7.5% ns 37.3 ± 4.8 43.4 ± 5.3 16.5% ± 3.1% p < 0.01 p < 0.01 0.760

Flexed
push-ups

(reps)
7.7 ± 1.3 7.4 ± 1.6 −3.9% ± 10.5% ns 8.0 ± 1.4 8.3 ± 1.7 3.4% ± 5.6% ns ns 0.180

Standing
broad

jump (cm)
176.0 ± 5.8 177.1 ± 5.5 0.6% ± 1.0% ns 178.0 ± 6.1 187.0 ± 5.5 5.1% ± 2.2% p < 0.01 p < 0.01 0.686

Note: ∆ (post-baseline)/baseline; ns, no significance; partial η2 value for effect size.

4. Discussion

The present study aimed to investigate the effects of running and functional high-
intensity training on body composition, aerobic capacity, and muscle fitness. The primary
finding was that high-intensity functional training was as effective as high-intensity interval
running for aerobic capacity and body composition promotion in healthy inactive females,
and moreover, it induced a significant improvement in muscle fitness. The validity of this
finding is supported by the fact that the mean heart rate of all of the participants reached
75% VO2max or above throughout the intervention. Increases in resting heart rate were
also detected after training in both groups.

4.1. Body Composition

Our findings that HIIT-R and HIIT-F had positive effects on body composition pro-
motion regarding the reduction of the body fat percentage were consistent with other
researchers. A previous study [49] showed improved body mass, BMI, and percent body
fat among obese females after a total of 108 min HIIT-R. Similarly, previous research [50]
found that HIIT-R was effective in reducing BMI and body fat percentage in overweight
adults. Additionally, for individuals with normal BMI, body composition improved by
decreasing fat mass and increasing lean mass after a 6 -week HIIT-R intervention [51].

Not surprisingly, body composition benefits were also found in other studies inves-
tigating HIFT. Improved body fat percentage was reported after a 5-week, thrice weekly
HIFT intervention [25], and further studies have also indicated a beneficial influence of
HIFT on body composition [52].

However, current research has indicated that body fat percentage was significantly
improved after an eight-week HIFT, while body mass was unaltered [31]. Likewise, after 16
weeks of HIFT, a significant decrease in body fat percentage was observed with no changes
in the body mass [26]. Previous HIIT-R studies have provided similar results [53,54].
These results are consistent with our findings that although body fat percentage was
improved, body mass and BMI were not affected by the intervention. The improved
body fat percentage may be explained by the significant increase in lean muscle mass
(p = 0.001for HIIT-R and p = 0.006 HIIT-F) without significant changes in the body mass
(p = 0.064 for HIIT-R and p = 0.051 for HIIT-F). The non-significant change in BMI may be due
to the following reasons: the insufficient exercise duration per session (2 min vs. 6–10 min);
the uncontrolled dietary intake during the intervention; and the characteristics of the
participants regarding body weight. This suggestion has been highlighted in a recent
systematic review [55] that indicated that for normal weight populations, low-volume
HIIT is inefficient for body composition improvement. Furthermore, several studies have
indicated that HIIT-R and HIFT have a more significant effect on weight loss or body fat
loss among obese individuals [41,48–50].

Finally, no significant interaction effect was revealed for any body composition vari-
ables. This suggests that HIIT-R and HIIT-F were equally effective in the modulation of
body fat percentage.
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4.2. Aerobic Fitness

VO2max was assessed in the present study to estimate the effects of HIIT-R and HIIT-F
protocols on aerobic fitness. Running-based HIIT has been shown to increase aerobic
capacity in numerous previous investigations. Several studies have reported significant
increases in VO2max after HIIT [11,12,55]. Furthermore, a systematic review also showed
that HIIT was beneficial for aerobic fitness improvements among healthy young people [56].
Nevertheless, there has been no consensus on the effect of HIFT on aerobic capacity. Some
studies investigating HIFT have shown an improvement in VO2max [35,52,57]. On the
contrary, recent research has only found aerobic capacity improvement in underweight and
overweight boys, with no changes being found among normal weight people [39]. Similarly,
no significant changes in VO2max were found after a 6-week HIFT protocol [58,59].

In our study, participants from both the HIIT-R and HIIT-F groups experienced im-
provements in VO2max (17.1% ± 5.6% and 12.7% ± 6.7%, respectively). In line with the
magnitude of our results, an increase of 8% in the VO2max was found after a low-volume
HIFT [28]. It should be noted that in the current study, the enhanced VO2max observed in
the HIFT group was significantly higher than values recorded in previous studies. VO2max
has been reported to improve by 5% after a HIFT with no aerobic exercise [60]. Another
study showed a moderate improvement in the VO2max of 6.3% [31]. In our study, the
greater response of VO2max to HIFT could be explained by the following reasons: firstly,
improvements in VO2max were related to the testing modality [61]. Cooper’s 12 min run
test demonstrated a systematic bias in favor of higher-scoring individuals [62]; secondly,
this study used a longer duration (12 weeks vs. 6–8 weeks) for the implementation of
functional exercises. Short or low-volume training reported no improvements in aerobic
capacity, which was shown to require continuous training [14,63]. However, other investi-
gations reported that the extent of improvement was not clearly related to training duration
but to training intensity [56,64]. Therefore, further studies are required to investigate the
effectiveness of the duration (work bouts/total work duration) and intensity on training-
induced aerobic capacity improvement; finally, the magnitude of the improvement in
VO2max can be attributed to the fatigue index, which was not measured in our study [11].

Although high-intensity running and functional training were both beneficial for
aerobic capacity promotion, few studies have compared the effectiveness of these two
exercise modalities in terms of aerobic capacity enhancement. In the current study, we
controlled for the same intervention intensity and duration and found that surprisingly,
there was no significant difference in terms of the changes in VO2max between the HIIT-R
and HIIT-F groups. It is worth noting that running showed higher oxygen consumption for
the same intensity compared to other modalities [65]. Our findings were partially in line
with a previous study [66] that indicated no significant differences in VO2max promotion
between high-intensity cycling and HIFT. The results from the present study illustrate
that functional training is as effective as running for aerobic fitness improvement when
performed at high intensity with the same volume and intensity.

4.3. Muscle Performance

Importantly, the repetition of sit-ups and the distance of the standing broad jump
were significantly increased after HIIT-F, whereas both parameters remained unaltered
in the HIIT-R group. Moreover, significant interaction effects were observed in terms of
the effects on abdominal and lower limb strength and duration. Our finding is consistent
with other HIFT studies. A significant increase in muscle performance after 6 weeks of
HIFT was reported, whereas no increase was found in HIIT group using rowing as the
exercise modality [27]. Significant improvements in lower body strength and power among
patients and Army personnel were also evident [24,25]. Likewise, a study with female
participants compared the effects of HIFT and endurance treadmill training on muscle
fitness and demonstrated that sit-ups, chest presses, and push-ups improved by 64%, 207%
and 135%, respectively, in the HIFT group after 4 weeks of intervention [24].
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It is worth noting that the number of flexed push-ups that was completed in the repetition
exercise was unchanged in both groups. The unchanged results are in contrast with findings
from other investigations. Findings from recent studies revealed increased upper body strength
and endurance after functional training executed at a high intensity [24,26–28]. It was possible
that the observed unvaried parameters were the consequence of insufficient movements
during our functional training, which lacked upper body adaptations [26]. Additionally,
the assessment methods used in the present study could have also induced unaltered
results. Although the flexed push-ups had been modified for females and even though
the participants were familiarized with testing procedures, the participants in the present
study had no or little experience and were not familiar with this movement. Further-
more, they had no knowledge of specific strategies that could be used to maximize
their performance.

The effects of HIFT on muscle performance varies across exercise design and test
methods. HIIT significantly increases the proportion of type I fibers [67], while muscle
adaptions are specific to the exercise modality. A previous study revealed that compared
to high-intensity interval running, strength training with functional movements resulted
in type I muscle fibers increasing in size and a higher percentage of type IIA muscle
fibers [68]. In the present study, functional exercise was more effective in strengthening
muscle power than running when both were performed at relatively the same high
intensity and for the same duration. However, further studies are required to investigate
the training-induced individual changes in the type and size of muscle fibers between
participants. Additionally, the functional exercise design should consider the fitness of
the participants to reduce muscle soreness, and a previous study reported no injuries
using this methodology [31].

A general limitation in the HIFT investigation was the different types of functional
exercises that were included. The results might be dissimilar if HIFT was performed with
other combinations of movements. Furthermore, the results of our study came from a small
sample size and a non-exercising control group was not used. Finally, dietary intake was
not controlled during the intervention, and the total calories consumed were not calculated.
In addition, the fatigue index was not measured during the aerobic test.

5. Conclusions

Twelve weeks of high-intensity training based on running or functional exercises were
both effective in reducing body fat percentage and improving aerobic capacity among
healthy inactive females. Relative to running-based high-intensity training, HIFT shows an
equally effective alternative with more exercise enjoyment and much stronger adherence
regarding body composition and aerobic fitness promotion. Additionally, HIFT resulted
in greater muscle performance increases than running-based high-intensity training, after
which no gains were observed in terms of muscle fitness.

HIFT with self-selected intensity represents an alternative to high-intensity interval
running for eliminating exercise barriers for physical exertion. Furthermore, HIFT can
be performed anywhere at any time, which limits the barriers of lacking time/money.
Finally, HIFT reveals strong exercise adherence and more enjoyment among females. It
may be helpful for individuals to promote physical activity and the associated benefits of a
prolonged healthy lifestyle.
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Abstract: This study aimed to analyze the variations of fitness status, as well as test the relationships
between accumulated training load and fitness changes in women soccer players. This study followed
an observational analytic cohort design. Observations were conducted over 23 consecutive weeks
(from the preseason to the midseason). Twenty-two women soccer players from the same first
Portuguese league team (22.7 ± 5.21 years old) took part in the study. The fitness assessment
included anthropometry, hip adductor and abductor strength, vertical jump, change of direction,
linear speed, repeated sprint ability, and the Yo-Yo intermittent recovery test. The training load was
monitored daily using session rating of perceived exertion (s-RPE). A one-way repeated ANOVA
revealed no significant differences for any of the variables analyzed across the three moments of
fitness assessments (p > 0.05). The t-test also revealed no differences in the training load across the
moments of the season (t = 1.216; p = 0.235). No significant correlations were found between fitness
levels and accumulated training load (range: r = 0.023 to −0.447; p > 0.05). This study revealed no
differences in the fitness status during the analyzed season, and the fitness status had no significant
relationship with accumulated training load.

Keywords: football; athletic performance; training load; sports training; physical fitness

1. Introduction

Soccer is a high-intensity intermittent sport that recruits different energetic systems
based on the intermittence of the match [1,2]. Among other factors, soccer performance
requires technical skills, tactical awareness, and physical fitness [1,3]. In women’s soccer,
players may cover 9–12 km in total in a single match, with 1.5–2.5 km covered during
high-intensity runs [4–6]. Moreover, throughout a women’s soccer match, the average heart
rate can reach up to 167 beats per minute (bpm), and the maximum heart rate (HRmax)
can reach up to 193 bpm [7]. Therefore, to be successful, women soccer players should
possess well-developed aerobic and anaerobic capacities, as well as good neuromuscular
properties [2].

Well-developed physical fitness can help ensure overall success to the same extent
as other important factors such as technical and tactical skills [1,8]. Accordingly, seeking
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an improvement in fitness status, it is necessary to understand the status of players, thus
making the assessment a determinant factor for individualization of the training and
controlling the development of the players [1,9]. Regarding the control of evolution, it
is also expectable that some fitness variations may occur across a season, specifically
considering the three main periods of training and competition: (i) preseason, (ii) early-
season, and (iii) end-season [1,10,11].

For example, body fat is usually lower after the preseason training period than at the
start of the preseason [10,12]. Additionally, significant changes occur in the biomarkers
of physiological stress [1,13]. Considering the physical fitness of female soccer players,
it was found that countermovement jump scores seem to improve during the season [1].
Furthermore, the linear speed at 15 m improves during the preseason before stabilizing
until the end of the season, whereas the linear speed at 25 m starts to decrease at the end
of the season [11]. Naturally, considering seasonal variations, most of the fitness changes
occur during the preseason because the training sessions during this phase are focused
on establishing the players’ fitness [3,14,15]. In contrast, during the season, more focus is
placed on tactical and technical skills [16], with some efforts to stabilize players’ fitness.

Even though no perfectly related variations were observed across the season, physi-
cal/physiological adaptations could be related to the training load and stimuli imposed
on the players [17]. Therefore, a dose–response relationship is expected to arise between
the training load and changes in fitness that may occur in soccer players [18]. However,
such a relationship can vary on the basis of the training load measures and fitness pa-
rameters used; moreover, the relationship might not be as obvious or straightforward as
expected [18,19]. As an example, in a study conducted on professional soccer players,
relationships were found between accumulated perceived exertion and the speed achieved
in the 30–15 Intermittent Fitness Test by professional players [20]. However, in another
study (also on soccer players), such a relationship was not meaningful [21].

As mentioned above, the magnitude of the relationship between load and adaptations
can vary as a function of the measures used. In the case of training load monitoring, one of
the most commonly used measures is the rating of perceived exertion (RPE) [22,23]. This
measure has been confirmed as valid and reliable, based on different scales (e.g., CR-10,
CR-100), to estimate the intensity of a training session. According to the score provided by
the player, RPE can be used to calculate the session RPE (s-RPE), which is the multiplication
of the RPE score by the duration of the session (in minutes) [23,24]. Since this measure
(s-RPE) has been highly correlated with internal load markers (e.g., heart rate measures)
and external load markers (e.g., total distance, player load) [25,26], it seems to be a good
measure to test relationships with fitness adaptations across the season.

Adaptions in soccer players take time and are influenced by multiple factors, such
as age, gender, training history, psychological factors, and the duration, intensity, and
frequency of training [18,27]. Therefore, it is difficult to understand which factors promote
changes in players in women’s soccer. In the particular case of women’s soccer, dose–
response relationships have not been explored’ for that reason, there is a need to test
whether such a relationship exists.

Testing the possibility of relationships between accumulated training load and the
changes in fitness status would help to identify whether training load is a determinant of
these changes or if there are other factors that coaches should be aware of. For that reason,
the aims of this study were to analyze variations in the fitness status of women soccer
players over time (repeated measures) and test the relationships between accumulated
training load and fitness variations.

2. Materials and Methods
2.1. Experimental Approach

This study followed an observational analytic cohort design. Observations were made
across 23 consecutive weeks (from the preseason to midseason). Fitness assessments of the
players were performed three times: (i) at the beginning of the preseason, (ii) at the end of
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the preseason, and (iii) during the middle of the season. Internal loads were collected daily
in all training sessions between August and January (Figure 1).
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2.2. Participants

The cohort included 22 female soccer players (age: 22.7 ± 5.21 years; height: 162 ±
6.84 cm; weight: 57.6 ± 4.9 kg) competing in the first Portuguese League. The team had
four weekly training sessions and one official match per week. The eligibility criteria for
being considered in the analysis were as follows: (i) participation in at least 85% of the
training sessions during the study, (ii) participants were present in all three assessments,
(iii) absence of injuries or illness in the last four consecutive weeks, and (iv) players had at
least 2 years of experience. Three players were excluded because they did not participate
in all physical assessments. Before the assessments, all players were informed about the
study procedures and signed an informed consent. The study was approved by the local
university and followed the ethical standards of the Declaration of Helsinki for the study
of humans.

2.3. Fitness Assessment

Fitness assessments were conducted between August and January. All tests were
performed during the same day of the week, following the same order, and at the same time
of the day (7:30 p.m.) to limit data bias. During the three periods of assessments, all tests
were distributed across three sessions, interspersed by 24 h of recovery. We acknowledge
the fact that a testing battery can be carried out in a single day [28]. However, it can ideally
be distributed over 2–3 days [29]. Regardless of the days, it is important that the sequence
is designed with the aim of ensuring the most adequate conditions of absence of fatigue
in tests with a greater need for neuromuscular recruitment, leaving the tests with greater
metabolic stress to the end [29]. Bioenergetic and neuromuscular considerations resulted
in the applied test sequencing in the present study. Regarding the warm-up protocol, it
was out of the scope of the authors to intervene as it was always the team staff (physical
trainer) conducting the warm-ups. The warm-ups consisted of low and self-paced running,
followed by calisthenic exercises in which players performed two sets of 10 repetitions of
walking lunges, single-leg deadlifts, and fontal and lateral high knee movements. These
warm-ups were based on proposed strategies, highlighting the post-activation potentiation
(PAP) exercises, as previously recommended and used [30,31].

The first assessments comprised anthropometry and hip adductor and abductor
strength tests. The second assessments comprised lower-body power, change-of-direction
(COD), and linear speed tests. The third assessments comprised repeated sprint ability
(RSA) and Yo-Yo intermittent recovery (YYIR) tests. All indoor tests were performed in
a room with a stable temperature of 23 ◦C and relative humidity of 55%. All field tests
were conducted on a synthetic turf with a mean temperature of 19.5 ± 3.4 ◦C and a relative
humidity of 63% ± 4%.

A measuring tape (SECA 206, Hamburg, Germany) and a digital scale (SECA 874,
Hamburg, Germany) were used to measure the participants’ height and body weight,
measured to the nearest 0.1 kg. During both assessments, all participants were in a vertical
position and had no shoes and unnecessary accessories. To measure hip strength, the
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squeeze test was conducted using a dynamometer (Smart Groin Trainer, Neuro excellence,
Portugal), as in a previously recommended protocol [32]. For lower-body power perfor-
mance, the squat jump (SJ) and countermovement jump (CMJ) with both hands on hips
were assessed, using the Optojump system (Optojump, Microgate, Bolzano, Italia [33]. The
jump height was used for analysis. The 20 m zig-zag test was conducted to measure the
participants’ COD performance, using photocell timing gates (Photocells, Brower Timing
System, USA) with a protocol described elsewhere [34]. The best time in seconds was used
for further analysis. A 30 m linear sprint test was executed using three pairs of photocell
timing gates (Photocells, Brower Timing System, UT, USA). Three maximal trials were
performed, and the best time was used for analysis. Furthermore, an RSA protocol was
conducted using two pairs of photocell timing gates (Photocells, Brower Timing System,
UT, USA). The running anaerobic sprint test (RAST) test was conducted. This test consisted
of six 35 m linear sprints, interspersed by 10 s of recovery. The best time to complete the
test, peak power, and fatigue index measures were used for analysis [35]. The minimum
and maximum peak power and the fatigue index were determined using the following
equations [36]:

Power =
Weight × Distance2

Time3 and Fatigue Index =
MaxPower − MinPower

Sum of 6 sprints (s)
.

Lastly, the participants completed the YYIR test to measure the VO2max. All player
had to run 20 m from cone A to cone B and return to cone A (total: 40 m). After every 40 m
covered, a 10 s recovery period was ensured. The speed started at 10 km/h, following
progressive increases in velocity throughout the test. The YYIR ended when the player
achieved total exhaustion or did not reach one of the 20 m cones at the beep timing.
The number of completed shuttles and the total distance covered were recorded [37].
Additionally, during the YYIR test, all players used individual Bluetooth HRsensors for
heart rate monitor (Polar H10, Polar-Electro, Kempele, Finland, recorded in 5 s intervals) to
quantify each athlete’s heart rate maximum (HRmax).

2.4. Training Load Monitoring

For measuring the internal load, 10 to 30 min after each training session, all players
were asked about how hard the training session was, scored from 1–10, were 1 corresponds
to “very light activity” and 10 corresponds to “maximal exertion” [38]. These scores were
based on the CR-10 Borg scale [23]. All players were previously familiarized with this daily
practice. The collected scores were then multiplied by the total duration in minutes of each
training session, to obtain the session RPE [23]. The session RPE for each training session
was used as the final outcome for further analysis.

2.5. Statistical Analysis

Subjects’ characteristics are presented as means and standard deviations of the vari-
ables. For the variables of fitness assessment, a one-way repeated-measure analysis of
variance (ANOVA) was performed to clarify the differences among the three assessments. If
there was a significant effect, we used the Bonferroni multiple comparison test to determine
significant differences among the three conditions for each variable. Eta squared (η2) values
were used as an indicator of effect size. An η2 value of 0.00–0.19 was considered trivial,
0.20–0.49 was small, 0.50–0.79 was moderate, and ≥0.80 was large [39]. The strength of
the relationship between the variables of the fitness assessment and accumulated training
load was determined using a Pearson product moment linear correlation coefficient (r). A
paired t-test was used to compare the training load between the periods (preseason and
midseason). Statistical analyses were conducted using the Statistical Package for the Social
Sciences (SPSS version 22.0; Chicago, IL, USA), with a significance level of 0.05.
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3. Results

The one-way repeated ANOVA revealed no significant differences for any of the
variables analyzed at the three moments of fitness assessment (Table 1). As there were
no significant changes in the three moments observed, we chose to use the mean as a
representative measure of physical status. The t-test revealed no differences in the training
load between the periods of the season (t = 1.216; p = 0.235).

Table 1. Descriptions, F-statistics, and p-values of the fitness variables analyzed at the three moments of fitness assessment.

Variable M1 (Mean ± SD)
M2 (Mean ± SD) M3 (Mean ± SD) Mean ± SD p η2

HRmax (beats/min) 198.2 ± 3.57 201.41 ± 12.80 202.34 ± 8.68 200.65 ± 9.48 0.961 0.03
VO2max mL/(kg·min) 41.21 ± 1.57 43.72 ± 1.57 43.96 ± 1.57 42.96 ± 1.57 0.833 0.07

V10 (m/s) 1.91 ± 0.04 1.84 ± 0.07 1.91 ± 0.15 1.89 ± 0.09 0.564 0.13
V30 (m/s) 4.83 ± 0.09 4.69 ± 0.17 4.81 ± 0.39 4.78 ± 0.20 0.633 0.11
COD20 (s) 5.75 ± 0.09 5.70 ± 0.16 5.83 ± 0.32 5.76 ± 0.20 0.496 0.15
p.max (W) 423.66 ± 50.95 405.12 ± 68.29 403.10 ± 92.00 410.62 ± 64.16 0.365 0.13
p.min (W) 271.43 ± 34.30 266.83 ± 33.77 246.76 ± 50.92 264.87 ± 37.79 0.219 0.13

FI (%) 4.91 ± 1.40 4.03 ± 1.48 5.12 ± 1.81 4.68 ± 1.49 0.768 0.04
SJ (cm) 24.01 ± 2.14 25.03 ± 4.49 25.56 ± 3.68 24.85 ± 3.29 0.684 0.21

CMJ (cm) 25.20 ± 2.43 26.22 ± 4.29 26.29 ±3.39 25.89 ± 3.29 0.179 0.23
YYIR (m) 687.40± 168.93 943.33± 138.33 714.2 ± 163.17 781.67± 210.1 0.095 0.27
Addu (kg) 35.95 ± 7.07 33.51± 7.81 32.69± 6.10 34.03 ± 7.45 0.220 0.15
Abdu (kg) 34.32 ± 5.71 30.92 ± 5.32 32.1 ± 6.16 32.45 ± 6.16 0.561 0.12

M1, M2, and M3: three measurement moments; p: p-value of F-statistic; η2: eta squared values; HRmax: heart rate maximum; VO2max:
maximum oxygen volume; V10: 10 m sprint; V30: 30 m sprint; COD20: 20 m zig-zag test; p.max: maximum power; p.min; minimum power;
FI: fatigue index; SJ: squat jump; CMJ: countermovement jump; YYIR: Yo-Yo intermittent recovery test; Addu: adductors; Abdu: abductors.

The time-course of the training load accumulated in the different microcycles is shown
in Figure 2.
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Correlations between fitness variables and average training load can be observed in
Table 2.

Table 2. Correlations between mean values fitness and average training load.

Variable r p-Value r p-Value

HRmax −0.126 0.585 −0.447 0.048
VO2max −0.042 0.850 −0.157 0.486

V10 −0.187 0.417 0.056 0.816
V30 −0.123 0.596 0.023 0.922

COD20 −0.091 0.695 −0.225 0.341
p.max 0.249 0.276 0.058 0.808
p.min 0.351 0.119 0.256 0.276

FI 0.080 0.731 −0.104 0.662
SJ 0.314 0.166 0.330 0.156

CMJ 0.351 0.119 0.441 0.052
YYIR −0.059 0.811 −0.261 0.295

HRmax: heart rate maximum; VO2max: maximum oxygen volume; V10: 10 m sprint; V30: 30 m sprint; COD20:
20 m zig-zag test; p.max: maximum power; p.min; minimum power; FI: fatigue index; SJ: squat jump; CMJ:
countermovement jump; YYIR: Yo-Yo intermittent recovery test.

4. Discussion

The current study aimed to analyze the variations of fitness status in women soccer
players over time (repeated measures) and test the relationships between accumulated
training load and fitness variations. To the best of our knowledge, this is the first study to
simultaneously analyze variations in fitness status and training load from the beginning of
preseason to the end of midseason, in the context of women’s soccer. Concerning the first
aim, there were no differences in fitness status during the analyzed period, contrary to our
original hypothesis. Furthermore, no significant relationships were observed between the
fitness status and the accumulated training load, which is also contrary to our hypothesis.

The literature has shown that athletes generally change their fitness status over the
season, although this is not so straightforward. For example, a study showed that players’
aerobic capacity was higher in the midseason than in the pre- and postseason, indicating
that the participants tend to reach a peak performance in this variable in the middle of
the competitive schedule before it decreases over the subsequent weeks [17]. However,
another study revealed that these changes can be very different from season to season [40].
Furthermore, physical performance changes throughout a soccer season can be dependent
on the fitness status observed at the beginning of the preseason period [41]. Furthermore,
the abovementioned study revealed a lack of positive changes after a preseason period [41].

Similar results were observed regarding VO2max, 15 m sprint, and agility tests in
another study [10]. On the other hand, [1] found no differences in performance in the
countermovement jump with arm-swing and sprint performance over a season, similar
to the current results. In addition, previous studies showed that training loads can vary
between the different periods of a season [14,15], which suggests that variations in fitness
status could be related to the training loads that the players experience.

However, in the current study, there were no significant differences in the training
load when comparing the preseason and the midseason, which might justify the absence
of differences in players’ fitness status. In fact, there is a need to respect the training
principles, such as progressive overload, individualization, and variation for ensuring
training adaptations [42]. Indeed, training variation assumes an important role for avoiding
a monotonous training cycle and allowing supercompensation to occur [43,44]. For those
reasons, the lack of differences in training load during the period observed in the present
study may be related to poor management of training loads, as well as poor micro- and
mesocycle planning [41]. Therefore, a dose–response relationship between training load
variations and fitness status changes in the season could be suggested, although additional
studies are required to confirm such an assumption. Specifically, studies in which the
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training load is consciously manipulated to generate different magnitudes of changes are
welcome.

Concerning the associations between physical status and training load, no significant
values were reported. The literature suggests that a higher accumulated match time
during the season is linked to better speed and CMJ performance, while a higher total
exposure time is related to decreased power performances [19]. Therefore, it appears that
both training and competitions define soccer players’ physical status. However, another
study showed significant negative associations between sRPE and physical fitness changes
after a 9 week training period [21]. In fact, corroborating the abovementioned statement
regarding the progressive overload training principle need for adaptations to occur, a
study conducted on 34 junior male soccer players revealed that elite players with higher
perceived training loads throughout a training period presented greater improvements in
aerobic performance, when compared with their nonelite counterparts [45]. These facts
reinforce the need for a better load management, respecting the training principles and
biologic individuality for ensuring positive fitness changes after a training intervention.

At this point, sRPE is postulated as a consistent method of measuring internal training
load among sessions for an entire season for youth soccer players [46]. However, sRPE is
weakly related to independent high-intensity external load measures [47], indicating that
this measure might not capture the complexity of training loads in soccer. Therefore, we
suggest that future studies investigate the correlations between fitness status and external
training loads in soccer, which could shed light on this topic.

Studies in women’s soccer are still scarce, which justifies one of the strengths of the
current research. Moreover, we monitored the players over half a soccer season, which
indicates the relevance of the current results to understanding the complexity of the
relationship between training loads and fitness status in women’s soccer. However, there
is a need for future studies to analyze an entire season, for a greater perception of such
relationships.

Nevertheless, caution is required when interpreting the data. First, all athletes in this
study belonged to the same team, which reduces the study’s external validity. Additionally,
no measures of external training load were taken, which limits the comprehension of
the phenomenon. Lastly, we were unable to collect measures of fitness status during the
midseason period (just after this stage). For this reason, changes might have occurred
that were not captured by our measurements. For those reasons, we recommend future
studies to expand the current findings by investigating athletes from a larger sample, col-
lecting external load measures (i.e., high-intensity data), and including more intermediate
assessments of fitness status.

5. Conclusions

This study revealed no differences in the fitness status of women soccer players
during the analyzed season. Moreover, fitness status had no significant relationship
with accumulated training load. Further studies should be conducted to identify other
possible relationships and eventually determine how specific elements of fitness status are
associated with specific efforts exerted during training drills.
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Abstract: The purpose of this study was to quantify the coordination between agonist and antagonist
elbow muscles during squash backhand crosscourt shots in adult female players. Ten right-handed,
international-level, female squash players participated in the study. The electrical muscle activity of
two right elbow agonist/antagonist muscles, the biceps brachii and triceps brachii, were recorded
using a surface EMG system, and processed using the integrated EMG to calculate a co-activation
index (CoI) for the preparation phase, the execution phase, and the follow-through phase. A signifi-
cant effect of the phases on the CoI was observed. Co-activation was significantly different between
the follow-through and the execution phase (45.93 ± 6.00% and 30.14 ± 4.11%, p < 0.001), and also
between the preparation and the execution phase (44.74 ± 9.88% and 30.14 ± 4.11%, p < 0.01). No
significant difference was found between the preparation and the follow-through phase (p = 0.953).
In conclusion, the co-activation of the elbow muscles varies within the squash backhand crosscourt
shots. The highest level of co-activation was observed in the preparation phase and the lowest level
of co-activation was observed during the execution. The co-activation index could be a useful method
for the interpretation of elbow muscle co-activity during a squash backhand crosscourt shot.

Keywords: racket sport; injury; elbow; electromyography; co-activation

1. Introduction

The popularity of squash is increasing and now it is one of the racket sports that is
played in most countries in the world. Similarly, the number of squash studies is growing,
together with the interest of scientists who have analyzed various aspects of the game [1–4].

Modern squash is a fast-performing sport including complex and multidirectional
movement patterns with a high density and intermittent rhythm. Therefore, it is mul-
tifaceted in its motor skills and its physiological, kinetic, and cognitive requirements.
Performance success depends to a large extent on the interaction and complementarity of
these factors [3,5–7].

Previous studies analyzed the effect of upper extremity movement and racquet speed
during skill performance in squash [8], examined the electromyographical activity during
strokes [9], and performed three-dimensional kinematic analyses of the forehand [10] and
backhand strokes [11].

In their study, Hong, Chang, and Chan [10] reported interesting differences in the types
of skills used during a squash game, among them the fact that the backhand was played
more frequently (63.1%) than the forehand (36.9%), which underlines the importance of the
backhand stroke in squash. Others investigated the association between the rotating motion
of the upper extremities and racket speed when playing squash., The rate of performance
of the forehand and backhand stroke was similar in other studies [8,9,12].
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The backhand in squash is different from other strokes because the player must control
the racket to fully control the angle of the hit without losing control of the swing speed
while controlling the angular displacements of the elbow, torso, and shoulder joints [12].

Seoung Eun, Seung Nam, and Murali [12] used a 3D motion analysis system to analyze
the backhand stroke performance of both elite and novice players. The study aimed to com-
pare the displacement and velocity of the trunk and racquet, and the angular displacements
and the velocities of the elbow and shoulder joints. The significant differences observed
between novice and expert players underline the importance of studying the muscular
activity during the backhand stroke. Vukovic et al. [13] measured the trajectory and ve-
locity of movement using a tracking system to determine whether there were significant
differences between winners and losers. They analysed the used skills, the time patterns,
and the position of the squash players during their performance. Subsequently, they com-
pared the dynamic movements of players of different technical abilities and related them
to the tactics adopted by different players in 24 competitive matches with elite male squash
players [14]. McGarry [15] examined the space–time patterns of squash players as they
move around the squash court in the context of a dynamical system using movements
analysis of forty-eight squash rallies—twelve from each quarter-final match in a high-level
knock-out competition.

Besides the analysis of performance, squash injuries have also been a focus for re-
searchers. Finch and Eime [7] conducted a review on retrospective studies of squash
injuries that analyzed records of hospitalized, injured, or emergency patients, and surveys
from squash players. The studies included data from 2232 domestic league players and
university teams from the USA, UK, New Zealand, Germany, and the Netherlands and
concluded that better-controlled studies are needed, particularly to determine the risk of
injuries associated with squash.

In recent years, there have been steady increases in the duration of the game, perhaps
due to the improvement in the physical and technical abilities of squash players. In
addition, it should be noted that in 2009 squash underwent changes in the rules (e.g.,
changing the scoring system in squash to ‘Point-A-Rally’ (PAR) to 11 points per game)
according to which players have less time to perform shots, which increases the workload
of the players [14]. Both developments may cause high loads leading to injury.

Therefore, an important research aim in sports medicine has been to understand the
relationship between the intensity or volume of training and the type and grade of injuries
mainly due to overuse, particularly following stroke training [16–18]. During the last
few years, some researchers have focused on injuries in squash [18]. Horsley et al. [19]
studied the diversity of injuries suffered by professional squash players in both training
and competition through a survey of injury records between 2004–2015. However, this
study only looked at injuries of the lower limbs because of the mechanical loading of
the players during strokes in racket games. Habitual participation in racquet games over
years often results in specific strength and flexibility imbalances [20]. Previous studies
have reported that the ratio of upper-limb injuries is around 36% of all squash injuries,
making the elbow the most commonly injured body region [3,5,7]. Despite this, little is
known about injury mechanisms, exhaustion, recovery, and performance in training and
competition [21–23].

Previous studies have indicated the relationship between muscular co-activation
and injury. Hirokawa, et al. [24] reported that increased quadriceps–hamstring muscle
co-activation at the knee may reduce the risk of anterior cruciate ligament (ACL) injury.

Lehman [25] reported that there is a relationship between muscle extensor endurance
with decreases in injury risk. The aberrant flexor/extensor endurance ratios have also
been correlated with a history of injury. From this perspective, adequate joint stability is
related to the amount of muscle co-activation [26,27]. Elbow stability is not provided by one
specific muscle but rather via the coordinated efforts of agonist and antagonists muscles.
These muscles are active throughout the whole backhand crosscourt movement in squash.
Due to the muscular demands of the backhand crosscourt shot and the prevalence of injury
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in the elbow, training the agonist and antagonist musculature may improve performance
and decrease injury risk.

Surprisingly, so far, no study has investigated the electrical activity of the muscles dur-
ing the backhand stroke, which has been identified as the skill with the highest frequency
and also the highest cause of injury rate [3,7].

Given the importance of the coordination between the muscles working on the elbow
joint with regards to performance and injury prevention, especially among female athletes,
this study aims to investigate the coordination between agonist and antagonist elbow
muscles during the backhand crosscourt stroke in adult female squash players.

2. Materials and Methods
2.1. Participants

Female, right-handed elite squash players (n = 10) participated in the present study
(age: 18.4 ± 0.8 years; body mass: 60.8 ± 1.8 kg; height: 165.2 ± 1.6 cm; training age:
9.1 ± 0.9 years). The subjects were officially ranked between 4 and 20 in the Egyptian
squash federation and were currently competing in professional squash tournaments
(national and international). Written informed consent of the players was obtained, and
the study was approved by the institutional ethics committee of studies and research.

2.2. Experiment Protocol

After a 15 min warm-up including general, elbow-, and shoulder-specific mobility
exercises, as well as stretching and familiarization with the protocol, participants performed
Squash backhand crosscourt strokes. A total of three successful attempts were recorded for
each player, with a one-minute rest between attempts. The Squash backhand crosscourt
skill was broken into three phases: the preparation phase, the execution phase, and the
follow-through phase.

2.3. Data Recording

The electrical muscle activity of two right elbow agonist/antagonist muscles, the
biceps brachii (BB) and triceps brachii (TB) were recorded using surface EMG system
(Myon m320RX; Myon, Switzerland). The skin over the muscles of the dominant arm
was shaved and cleaned with alcohol and bipolar, circular 10 mm diameter silver chloride
surface electrodes (SKINTACT FS-RG1/10, Leonhard Lang GmbH, Archenweg 56, 6020
Innsbruck, Austria) were secured on the selected muscles. Electrodes were attached
over each muscle following the SENIAM guidelines maintaining a 2 cm center to center
inter-electrode spacing [28]. The EMG signals were stored at a sampling frequency of
1000 Hz and digitized using a 16-bit analog to digital (A/D) converter. EMG data was
processed using Visual 3D software (C-Motion, Germantown, MD, USA). Raw EMG data
were band-pass filtered (20 Hz–450 Hz) applying a Butterworth filter. The signals were
preprocessed using full wave rectifier and a linear envelope obtained using the root mean
square (RMS) approach with a window size of 100 ms. Data were normalized to an
isometric maximum voluntary contraction (MVC), which was recorded after each subject
finished the experimental tasks. To obtain the MVC values, subjects performed three
repetitions for 5 s, with 60 s rest in between while sitting in a stable chair with forearm
resistance. Peak muscle activity over the three repetitions for each muscle was taken as the
MVC value.

2.4. Co-Activation Index

Muscle co-activation was estimated by the calculation of a co-activation index (CoI)
using the following equation adapted from Kellis et al. [29]

CoI =
iEMGanta(

iEMGanta + iEMGago
) × 100
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where iEMGanta and iEMGago, respectively, refer to iEMG of antagonist and agonist muscle
in different movement phases. The preparation phase was defined from the beginning of
the movement to the end of the elbow flexion, the execution phase was defined from the
beginning of the elbow extension until the shot, and the follow-through phase was defined
from the instant of the shot until the end of the movement, see Figure 1. The phases were
defined by video analysis using 3D simi motion capture, which was synchronized with
EMG.
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Figure 1. Backhand crosscourt phases (Preparation phase, Execution phase, Follow-Through phase)
of the Biceps brachii (BB) and Triceps brachii (TB). (A) EMG raw data, (B) EMG rectified data, and
(C) EMG RMS. Means (solid lines) and standard deviation (shaded areas) of three stroke attempts
from a representative subject.

2.5. Statistical Analysis

Descriptive statistics were reported as means and standard deviations (mean ± SD).
The normality of the data was analyzed using the Shapiro–Wilk test and all data were found
to be suitable for parametric analysis. Repeated Measures Analysis of Variance (ANOVA)
with Sidak post hoc tests were used to detect significant differences and compare the mean
of each variable during the three phases (preparation, execution, and follow-through).
Partial eta squared (η2p) was calculated to assess the effect size. The statistical analysis was
performed using IBM SPSS software Statistics v21 (IBM® Corporation, Armonk, NY, USA).
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3. Results
3.1. Muscular Activity

Average values and standard deviations for the normalized RMS for the BB are
presented in Figure 2, and the TB in Figure 3, during the three analyzed phases (the prepa-
ration, the execution, and the follow-through phase). The highest activities of the BB were
observed during the follow-through phase, followed by the execution phase, and the prepa-
ration phase, with values of 13.80 ± 2.97%, 11.57 ± 1.45%, and 8.32 ± 3.47%, respectively.
There was a significant difference between the BB activity during the preparation compared
to the follow-through phases (p < 0.05; η2p = 0.50, Figure 2). For TB, the highest activities
were observed during the execution phase, followed by the follow-through phase and
the preparation phase, with values of 27.02 ± 3.43%, 16.14 ± 2.32%, and 6.38 ± 1.86%,
respectively, while high significant differences for the TB were observed among the three
phases (p < 0.001; η2p = 0.97, Figure 3).
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3.2. Co-Activation Index

A significant effect (p < 0.01, η2p = 0.73) of the phases on the CoI was observed
(Figure 4). Post hoc analyses showed that the co-activation was significantly higher in the
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follow-through phase compared to the execution phase (45.93 ± 6.00% and 30.14 ± 4.11%,
p < 0.001), and also between the preparation phase and the execution phase (44.74 ± 9.88%
and 30.14 ± 4.11%, p < 0.01). No significant difference was found between the preparation
and follow-through phases (p = 0.95).
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4. Discussion

The main aim of this study was to determine muscle co-activation of elbow muscles as
an indicator of coordination between agonist and antagonist muscle activity during three
phases of the squash backhand crosscourt shots in adult female players. While we observed
similar co-activation in the preparation and follow-through phase, the co-activation was
significantly decreased during the execution phase.

The main activities for the BB and the TB were observed during three phases in which
they acted as a prime mover (agonist), BB during the preparation phase and TB during the
execution and follow-through phases.

Low values of muscle activity were observed in the preparation phase where both
BB and TB showed activations less than 10% of MVC (BB: 8.3% MVC and TB 6.4% MVC).
This can be explained by the fact that the elbow flexion includes muscle synergies (e.g.,
brachioradialis and anterior deltoid muscle) [30,31]. However, the relative muscle activity
of BB was greater than that of TB muscle activity because the BB is the prime mover during
elbow flexion.

Greater TB activation was observed during the execution phase with 27.02% MVC
(BB: 11.57% MVC). Despite substantial activation differences between TB and BB during
the execution phase, the observed BB activation was still greater when compared with
the preparation phase. This is somewhat surprising, since the BB is an agonist muscle
in the preparation phase but an antagonist muscle in the execution phase. The reason
for this result may be the variation in movement muscle activity amplitude. While the
agonist muscle activity increased during the execution phase to accelerate the movement,
the antagonist initiated an increase in muscle activity, possibly to prevent an elbow joint
injury due to overextension of the elbow joint in the follow-through phase [32].

Previous studies [33–38] indicate that experienced athletes could have a distinct muscle
activation pattern with less antagonist muscle activation, implying that antagonistic muscle
coupling might be altered by specialized activity. As a result, top athletes may have lower
muscle co-activation than non-athletes, particularly during fast movements [39].

According to the observed results, muscle co-activation was greater in the preparation
and the follow-through phases compared to the execution phase. Both Bazzucchi et al. [40]
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and Rouard and Clarys [31] reported greater co-activation values of the arm muscles during
fast compared to slow movements, increasing at the preparation phase, decreasing at
execution to allow faster acceleration, and increasing at the end of the movement to provide
dynamic braking, which is similar to the elbow extension in the backhand crosscourt shot.
In addition, Darainy and Ostry [41] and Bazzucchi, Sbriccoli, Marzattinocci, and Felici [40]
underlined that greater antagonist activity could make the motor task controllable and also
increases the stiffness and stability of the joint.

Wagner et al. [42] reported that overarm movements are essential skills in different
types of sports. Hence, strong elbow extension might be considered as one of the determi-
nants of efficiency in the squash backhand crosscourt shot. Bazzucchi, Riccio, and Felici [39]
observed that muscle co-activation decreased during the execution phase for generating
higher forces to increase performance. This is in accordance with our findings where the
TB as the agonist muscle showed a strong activity during the execution phase, with low
values of the BB as the antagonist muscle. This led to a low value of co-activation during
the execution phase with values around 30%.

Muscle co-activation increased again in the follow-through phase to inhibit end range
elbow extensions. The high value of co-activation in the follow-through phase with values
of 45.93% increased joint stiffness and, therefore, stability [40]. This result was expected
as increased co-activation is considered a determinant for preventing injury of the elbow
joint.

Thus, an initial decreased co-activation allows a faster acceleration in the execution
phase, while an increase at the end of the movement range provides dynamic braking of
the movement. Furthermore, the high co-activation at the end of the movement allows
players to better prepare the arm for the next response during the game [30,40].

Whereas most previous research has concentrated on antagonist muscle co-activation
during maximal isometric efforts or as a function of isokinetic velocity, our research focused
on sports movements including both concentric and eccentric contractions [43].

5. Conclusions

In summary, the co-activation of the elbow muscles varies within the squash backhand
crosscourt stroke. The highest level of co-activation was observed in the preparation phase
to control the forearm velocity before the execution phase, and in the follow-through phase
to stabilize the elbow joint to prevent injuries and slow down the arm at the end of the
movement. The lowest level of co-activation was observed in the execution phase for
generating the appropriate force from the prime mover muscle to increase the efficiency of
the backhand crosscourt shot.
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Abstract: Association between physical performance and movement quality remains ambiguous.
However, both affect injury risk. Furthermore, existing research rarely regards women. Therefore,
this study aimed to assess the impact of physical performance components on FMS scores and
asymmetries among young women—University Physical Education Students. The study sample was
101 women, 21.72 ± 1.57 years, body mass index 21.52 ± 2.49 [kg/m2]. The FMS test was conducted
to assess the movement patterns quality. Physical performance tests were done to evaluate strength,
power, flexibility. Flexibility has the strongest correlation with FMS overall (r = 0.25, p = 0.0130) and
single tasks scores. A higher level of flexibility and strength of abdominal muscles are associated
with fewer asymmetries (r = −0.31, p = 0.0018; r = −0.27, p = 0.0057, respectively). However, the
main findings determine that flexibility has the strongest and statistically significant impact on FMS
overall (ß = 0.25, p = 0.0106) and asymmetries (ß = −0.30, p = 0.0014). Additionally, a significant
effect of abdominal muscles strength on FMS asymmetries were observed (ß = −0.29, p = 0.0027).
Flexibility and abdominal muscles strength have the most decisive impact on movement patterns
quality. These results suggest possibilities for shaping FMS scores in young women.

Keywords: movement quality; physical performance; strength; power; flexibility; women;
physical activity

1. Introduction

The physical performance and movement patterns quality affect injury risk [1,2].
Physical performance is defined as a body function that an appropriate test can objectively
measure. It is a multidimensional concept which involves musculoskeletal system function,
cardiorespiratory and nervous system. Physical performance is expressed by a level of
single components such as strength, flexibility, speed, or endurance. [3,4]. Movement pat-
terns quality is mainly examined by the FMS test, which detects dysfunctional movement
patterns [5]. The relationships between the quality of movement patterns and physical
performance components have been investigated. However, these associations have not
been clearly defined. The studies published so far have focused mainly on men and mixed
groups. Therefore, it is needed to establish these associations among women.

The tool for assessing the quality of the movement patterns is the Functional Move-
ment Screen (FMS), which allows for a comprehensive evaluation of the functional state
of the movement apparatus and to identify dysfunctional movement and differences in
paired tests to identify asymmetries [5]. Numerous studies have indicated associations of
low FMS scores with more injuries among men and women as well [6–9] and the possibility
of injury prediction based on FMS score [10]. Mokha et al. [9] and Chalmers et al. [11]
also demonstrated the relationship between asymmetries in the FMS test and injuries,
studying young athletes. However, these results should be treated with some caution. In a
replication study by Chalmers et al. [12], no similar links were observed.
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The attempts to determine the relationship between the quality of movement patterns
and physical performance components indicate their existence [13]. However, the direction
and strength of these relationships are unclear. Especially possible associations remain
ambiguous among women due to a low number of studies regarding females. Parchmann
and McBridge [14], in a mixed group, and Lockie et al. [15] among female team sports
athletes, did not show any links between the quality of the movement patterns, speed, and
agility. These reports are opposed to Koźlenia et al. [16], who showed that better quality of
the movement patterns is associated with better speed and agility tests outcomes among
men. Support for these results can be found in the studies by Campa et al. [17]. Chang
et al. [18] indicated the relationship between a trunk stability push-up with agility t-test
result. Sannicandro et al. [19] showed a connection between the FMS score and the power
of the lower limbs among professional footballers, showing that better quality of move-
ment patterns was associated with greater power of the lower limbs. Chimera et al. [20]
established strong relationships between flexibility and the trunk muscles’ strength with
movement patterns quality. Similar observations also provide studies by Silva et al. [21,22]
which showed the strength of the trunk muscles as a factor determining the quality of the
movement patterns. However, the studies mentioned above [14,16–22] regard men and
mixed groups, not focusing only on women and possible sex differences in associations
between FMS score and asymmetries with physical performance components. However,
Kibler et al. [23] proved that women are characterized by greater flexibility compared to
men, who, in turn, have greater strength than women. The above observations could trans-
late into relationships between the results of physical performance tests and the movement
patterns quality and cause the sex differences in the single motor tasks scores in the FMS
test described by Schneiders et al. [24]. They showed that men performed better than
women in the trunk stability push-up (TSPU) and rotary stability (RS). Miller and Susa [25]
noted a similar observation.

In the light of this observation, there is a need to keep in mind that physical per-
formance and movement quality have an influence on injury risk [1,2]. Therefore, their
interconnectedness should be explored. However, published studies mostly regard men
and mixed groups in the literature, not only on women. Thus, this study aims to assess
the impact of physical performance components on FMS scores and FMS asymmetries
among young women—University Physical Education Students. Specifically, it was also
examined the simple association between physical performance tests and FMS scores.
These observations let to described which physical performance components are crucial to
improving the quality of movement patterns, what can positively affect physical fitness
and reduce injury risk.

2. Materials and Methods
2.1. Study Sample

The study sample consisted of 101 young adult women whose average age was
21.72 ± 1.57 years. All subjects were volunteers recruited from students at the University
School of Physical Education in Wroclaw, Faculty of Physical Education and Sport. The
average body weight was 60.54 ± 9.05 [kg], body height 1.68 ± 0.07 [m], and body mass
index 21.52 ± 2.49 [kg/m2]. Subjects averagely declared 5.04 ± 3.56 h per week of physical
activity. The inclusion criteria were no injuries before six weeks of the start of the study and
no other medical contradiction for physical activity. All participants were fully informed
about the purpose, type, research methodology, and participation conditions. They could
withdraw from the research at any time without giving any reason.

2.2. Measurements

We followed the methods described in the study by Koźlenia and Domaradzki [2].
Participants were informed to avoid any physical activity directly before the measurements
and tests. The measurements were performed in the Biokinetics Research Laboratory of
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the University School of Physical Education in Wroclaw (Quality Management System
Certificate PN-EN ISO 9001: 2009; No. PW-48606-10E).

A SECA model 764 height and weight measuring device (SECA manufactured, Ham-
burg, Germany. Quality control number C-2070) was used to measure body height and
weight. Based on the obtained values, the index of relative body mass BMI (kg/m2) was
calculated according to the formula: BMI = body weight [kg]/body height [m2].

The quality of the movement patterns was assessed using the Functional Movement
Screen (FMS). The FMS test is a battery of seven movement tasks that make up the entire
test: Deep Squat (DS), Hurdle Step (HS), (In-Line Lunge (IN-L), Shoulder Mobility (SM),
Active Straight Leg Raise (ASLR), Trunk Stability Push-up (TSPU), Rotary Stability (RS).
The tests were performed with a standard FMS kit (Functional Movement Systems, Inc,
Chatham, MA, USA). According to Cook et al. [5], no warm-up directly before the test was
performed. Single motor tasks are rated on a scale of 0 to 3 according to clear guidelines
described for each test [5]. The maximum score is 21 points. From 14 points and below, the
risk of injury increases significantly [26].

Handgrip strength of the upper limbs was examined using a hydraulic dynamometer
with an adjustable handle SAEHAN SH5001 (Saehan Corporation, Masan, South Korea).
The measurements were done with an accuracy of 1 kg. The subject keeps his arm lowered
so that the upper limb does not touch the body. Holding the dynamometer tightly their
hand, hand clenching was performed with maximum force for about 2 s. Two attempts
were made for each limb. The best result on both limbs was considered.

A long jump test was used to assess lower limbs power. From two made attempts, the
better result was considered. Jump length was measured from the back of the heels. The
measurement was performed with an accuracy of 0.5 cm. The subject performed the test
from the established line, made a jump from both lower limbs with a swing of the upper
limbs landing on both legs.

The strength of the abdominal muscles was tested with the sit-ups test. The test
consists of making as many sit-ups as possible within 30 s. One attempt was made. The
subject was laid down with the lower limbs bent at the knee joints at an angle of 90◦. The
feet were blocked. The subject began the test by lying down with her hands clasped behind
the nape of her neck, performing torso bends and touching knees with elbows.

Flexibility was measured using the sit-and-reach test. The measurement was per-
formed with an accuracy of 0.5 cm. The examined person sat down with the lower limbs
straightened in the knee joints by placing feet against the sidewall of the table. While
maintaining the extension in the knee joints, the subject bent forward and tried to move the
ruler on the table as far as possible along the scale. The tests scores were measured from
the 0 cm point. The measurement was performed with an accuracy of 0.5 cm. Of the two
trials, the better result was considered.

2.3. Statistics

The means, standard deviations, and confidence intervals were calculated for the data
meeting the assumptions of normality of the distribution or the median, and standard
errors for the data that did not meet the assumptions of the normal distribution. Spearman’s
rank correlation was calculated to investigate the strength and direction of relationships
between the quality of the movement patterns (FMS scores) and physical performance
tests. Multiple regression was used to determine the impact of the physical performance
components on FMS overall and asymmetries. The significance level α = 0.05. Statistica
v13.3 from Statsoft Polska (Cracow, Poland) was used for statistical analyses.

3. Results

Table 1 includes descriptive statistics for physical performance tests results.
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Table 1. Physical performance tests results.

Variable Mean SD CI −95% CI +95%

Hand grip (N/kg) 36.11 5.93 34.94 37.28
Long jump (cm) 179.42 31.08 173.28 185.55

Sit-ups (reps/30 s) 24.23 4.66 23.31 25.15
Sit and reach (cm) 13.67 7.37 12.21 15.12

Table 2 shows the FMS overall score, single tasks score, and asymmetries numbers in
the bilateral test. The mean FMS overall score is 14.96 ± 2.21, and a median of 15 points
indicates the study sample has high-quality movement patterns.

Table 2. Characteristics of the FMS scores.

Variable Median SE

FMS 15 0.22
DS 2 0.07
HS 2 0.06

IN-L 2 0.07
SM 3 0.09

ASLR 3 0.06
TSPU 2 0.08

RS 2 0.05
HS A 0 0.04

IN-L A 0 0.04
SM A 0 0.05

ASLR A 0 0.04
RS A 0 0.02

FMS Asymmetries 1 0.09
Abbreviations: FMS—overall score; DS—deep squat; HS—hurdle step; HS A—hurdle step-asymmetry; IN-L—in-
line lunge; IN-L A—in-line lunge-asymmetry; SM—shoulder mobility; SM A—shoulder mobility-asymmetry;
ASLR—active straight leg raise; ASLR—active straight leg raise-asymmetry; TSPU—trunk stability push-up;
RS—rotary stability—overall; RS A—rotary stability-asymmetry.

Spearman’s correlation for FMS overall, single tasks score, and asymmetries number
revealed the higher sit-and-reach test result is associated with the better FMS overall
r = 0.25, p = 0.2130 and lower number of FMS asymmetries r = −0.31, p = 0.0018, better
hurdle step score (HS) r = 0.21, p = 0.0357, shoulder mobility score (SM) r = 0.34, p = 0.0133,
and asymmetries r = −0.23, p = 0.2010, active straight leg raise score r = 0.50, p > 0.0001
and asymmetries r = −0.27, p = 0.0055. Additionally, the higher sit-ups test results were
associated with the lower number of FMS asymmetries r = −0.27, p = 0.0057, and in-
line lunge asymmetries r−0.25, p = 0.0126. No other statistically significant correlation
was observed.

The multiple regression model for FMS overall is presented in Figure 1. The model is
statistically significant, p < 0.0406.

Multiple regression results for FMS overall score are included in Table 3. Flexibility
had the strongest statistically significant impact on FMS overall ß = 0.25, p = 0.0206. An
increase in the sit-and-reach test score by 1 cm is associated with improving FMS overall
score by 0.08 points.
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Table 3. Multiple regression results for FMS overall score.

Dependent
Variable Independent Variables ß ß SE B b SE t p

FMS overall

Hand grip (N/kg) 0.11 0.10 0.04 0.04 1.08 0.2811
Long jump (cm) 0.09 0.10 0.01 0.01 0.89 0.3781

Sit-ups (reps/30 s) 0.15 0.10 0.07 0.05 1.49 0.1395
Sit and reach (cm) 0.25 0.10 0.08 0.03 2.61 0.0106

The multiple regression model for FMS asymmetries is presented in Figure 2. The
model is statistically significant, p < 0.0005.
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Multiple regression results for FMS asymmetries numbers are included in Table 4.
Flexibility had the strongest statistically significant impact on FMS asymmetries ß = −0.30,
p = 0.0014. Additionally, FMS asymmetries depend on abdominal muscles strength ß = −0.29,
p = 0.0027. An increase in the sit-and-reach test score by 1 cm is associated with reducing
asymmetries by 0.04. An increase in the sit-ups test by one rep reduces FMS asymmetries
number by 0.05.

Table 4. Multiple regression results for FMS asymmetries number.

Dependent
Variable

Independent
Variables ß ß SE B b SE t p

FMS
asymmetries

Hand grip (N/kg) 0.04 0.09 0.01 0.01 0.42 0.6739
Long jump (cm) 0.01 0.09 0.00 0.00 0.06 0.9553

Sit-ups (reps/30 s) −0.29 0.09 −0.05 0.02 −3.08 0.0027
Sit and reach (cm) −0.30 0.09 −0.04 0.01 −3.29 0.0014

4. Discussion

The quality of movement patterns and the level of physical performance affect the
risk of injury, which raises further questions about their relationship [1,2]. There have been
attempts in the literature to answer this type of ambiguity. However, some differences in
observation do not allow clear conclusions on this matter, especially considering women
due to the low number of studies among females.

Our results showed that flexibility and abdominal muscle strength have an influence
on movement patterns quality among young women. The strength of abdominal muscles
is crucial in trunk stability, whereas a good level of flexibility aids the optimal range
of motion in joints [27,28]. Both mentioned physical performance components allow
movement without restrictions in joints with simultaneous stabilization in various body
positions, thus avoiding compensations that disturb the movement patterns. [29]. Our
results confirm this approach that is supported by the literature which provides related
observations [20–22].

Most researchers agree that sex is not a factor that differentiates the overall score of
the FMS test within one research group. Schneiders et al. [24] and Miller and Susa [25] did
not show a statistically significant difference in the mean FMS score between physically
active men and women. On the other hand, diversity can be seen in comparisons between
groups from different research studies. The type of physical activity may explain the
differences in FMS scores between groups from other studies. This can be seen when
comparing the FMS scores results among various sports groups (e.g., footballers [30],
volleyball players [31], or runners [8]). The quality of movement patterns can be shaped by
appropriate training [32,33].

In the case of assessments of the FMS single motor tasks, sex differences are observed.
It was shown that men performed better in a test that required stability and strength (TSPU
and RS), whereas women achieved higher scores in a mobility test (SM and ASLR) [24].
A study by Miller and Susa [25] confirms this observation, which indicated that women
achieved better results in shoulder mobility (SM) and active straight leg raises (ASLR),
while men had higher scores in the trunk stability push-up (TSPU) and in-line lunge
(IL-L). Anderson et al. [34] also indicated that women performed a weaker trunk stability
push-up (TSPU). Similar observations were made in the study by Chimera et al. [20].
Women achieved better results in tasks requiring flexibility, active straight leg raise (ASLR),
and shoulder mobility (SM), whereas men achieved better results than women in trunk
stability push-up (TSPU) and rotary stability (RS). These results indicate that, despite
averagely comparable results in FMS overall score between sexes, its structure could be
differentiated by scores in single tasks. It could be associated with sex differences in
physical performance [23]. Therefore, it suggests a need to consider sex differences in
targeting the development of physical performance to improve movement quality.
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The median value of the FMS overall score of our study sample was 15, indicating high-
quality movement patterns associated with low injury risk [26]. Literature shows that high-
quality movement patterns characterize young, physically active women. Chimera et al. [6]
revealed that female athletes’ average FMS overall score was above 14 points. A similar
observation was added by Anderson et al. [34], which showed the mean FMS score among
females was above 15. Our study sample performed better in the standing long jump than
nonathletes females [35]. In the case of the sit-and-reach test, our study sample achieved
comparable results to the female athletes from the study by Lopez-Minaro et al. [36]. In the
handgrip test and 30 s sit-ups test, our study sample achieved better results than average
populations [37,38].

Analyzing the relationship between the quality of movement patterns and physical
performance components indicates a high, statically significant correlation between the
sit-and-reach test score (flexibility), the FMS overall, and the FMS asymmetries number.
The association in single tasks score was observed as an active straight leg raise (ASLR),
shoulder mobility (SM), and asymmetries in these tests. A better result in the sit-and-reach
test score was also associated with a better hurdle step (HS) score. Additionally, a higher
level of flexibility related to a lower number of asymmetries was also observed in better
results in the sit-ups test, suggesting that strong abdominal muscles are essential in main-
taining functional symmetry. Other physical performance tests showed low and statistically
insignificant correlations, suggesting no linear correlation between physical performance
tests, such as handgrip or long jump, and the FMS scores. Similar observations were noted
in other studies, especially regarding the relationship between flexibility and the quality of
movement patterns. However, literature has limited observations considering the associa-
tion between movement quality and FMS scores with physical performance components
such as flexibility or strength. Therefore, it is hard to refer our results to only female
groups. Some references must be made to mixed and male groups. Grygorowicz et al. [39]
observed that female soccer players have better quality of movement patterns with a
higher level of flexibility, which confirms our observations. Glass et al. [40] showed asso-
ciations between the higher level of strength, balance, and flexibility with the quality of
the movement patterns. In mixed groups, Jenkins et al. [41] observed that a better range
of hip joint motion was associated with higher quality of movement patterns. Similarly,
Yildiz et al. [42] indicated improved FMS scores and flexibility among children during
tennis training after using a training intervention. Song et al. [43] noted that flexibility
development was associated with improved FMS scores in males. In a study of male
baseball players, Liang et al. [44] showed associations of FMS scores with the flexibility
of the rectus femoris and speed abilities. Chimera et al. [20] showed that worse ranges
of motion in the hip and knee joints negatively affect the movement patterns quality in
a mixed study sample. The same authors [18] also observed that stronger trunk muscles
positively influenced the FMS scores. Surprisingly, in our research, a higher score in trunk
stability push-up (TSPU) was not directly associated with a better result of the sit-ups,
whereas the study by Silva et al. [20,21] found links between the trunk stability push-up
(TSPU) and the physical fitness of the study group. However, handgrip strength and the
FMS scores do not seem to have clear connections [20]. Sannicandro et al. [19] indicated
that footballers presented better quality movement patterns that generated greater lower
limb power. Willigenburg and Hewett [45] observed correlations between the length of
the long jump and the overall FMS score among American football players. In our study, a
correlation between the long jump test score and the FMS overall and the deep squat (DS)
score was not observed in women. The conclusions drawn from the above observations
indicate a clear relationship between the quality of movement patterns and physical per-
formance components. The single motor tasks of the FMS test are specifically related to
the level of selected physical performance components. In this type of analysis, there is a
need to consider the possible differences between sexes. However, our study shows that
flexibility has the most decisive impact on the FMS overall score among female students.
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Our analysis also showed that the number of asymmetries observed during the
FMS test is related to flexibility and abdominal muscle strength, indicating these factors’
significant role in shaping symmetrical movement patterns. However, the literature so
far does not pay much attention to the number of FMS asymmetries concerning the level
of physical fitness. Athletes with a higher number of asymmetries are 1.8 times more
likely to be injured [46]. Similar observations are made by Mokha et al. [9], which also
indicated a significant risk of injury due to asymmetries. Considering the relationship
between flexibility and muscle strength and the risk of injury [47,48], the importance of
these abilities as a key to developing high-quality movement patterns is growing.

5. Conclusions

In young, healthy women, flexibility and abdominal muscles strength are significantly
associated with the quality of movement patterns, expressed as an FMS overall score and
FMS asymmetries. Furthermore, flexibility is a component of physical performance with the
most decisive impact on movement patterns quality in FMS overall score and asymmetries
number, whereas abdominal muscle strength only influences on asymmetries in FMS. Our
results indicate the importance of flexibility and abdominal muscle strength for movement
patterns quality among young women. The appropriate range of motion in joints with
abdominal muscle strength that provides trunk stability helps to avoid compensation
in movement. It potentially suggests that FMS scores can be shaped throughout the
development of flexibility and abdominal muscle strength. However, further studies need
to verify if developing these abilities improves movement patterns quality in young women.

We are aware that our study has some limitations. The analysis could be augmented
with more physical performance tests measuring other abilities, such as speed and en-
durance. It is also worth analyzing how the type of physical activity undertaken affects the
relationship between the quality of movement patterns and physical performance. These
aspects should be considered in further studies.
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Abstract: The aim of this longitudinal study was to determine whether a rowing training program
improved the quality of life and the physical activity levels in female breast cancer survivors (n = 28)
(stage 1–4.54%; stage 2–36.36%; stage 3–54.54%; and stage 4–4.54%), diagnosed 4.68 ± 3.00 years
previously, who had undergone a subsequent intervention (preservation 56.53% and total mastectomy
43.47%) and had a current mean age of 52.30 ± 3.78 years. The participants (n = 28) engaged in
a 12-week training program, each week comprising three sessions and each session lasting 60–
90 min. The short form of the International Physical Activity Questionnaire (IPAQ-SF) and the Short
Form 36 Health Survey (SF-36) were also administered. The results showed statistically significant
improvements in levels of physical activity and in the dimensions of quality of life. We can conclude
that a 12-week rowing training program tailored to women who have had breast cancer increases
physical activity levels, leading to improved health status and quality of life.

Keywords: breast cancer; rowing; exercise; quality of life; perceived health; IPAQ-SF; SF-36

1. Introduction

Cancer is the second leading cause of death worldwide, representing about 9.6 million
deaths in 2018, which means that one in six deaths globally is due to this disease [1,2]. In
women, breast cancer is the most common cancer, affecting around 2.1 million women in
2018, i.e., one in four cancers diagnosed is breast cancer [2–4].

The rise in the number of cancer cases diagnosed in recent years has been associated
with population growth, closely linked to increased life expectancy, and therefore with
aging, considering age as a fundamental risk factor for developing cancer. It has also been
related to the increase in early detection as well as improvements in primary care and in
early diagnosis programs, which, although they lead to higher numbers of cases, are in
turn related to a decrease in mortality [4–6].

One-third of diagnosed cancer cases could be prevented if exposures to various
lifestyle-related risk factors were eliminated or reduced, such as smoking; consumption
of harmful substances such as alcohol; an unhealthy, high-calorie diet with a high in-
take of saturated animal fats and sugars; and/or a sedentary lifestyle [1,4,5,7]. A large
body of scientific evidence shows that physical activity has positive effects on the general
population, improving health status, mood, body composition, quality of life [7–11], and
preventing the onset of numerous diseases, including various types of cancer, such as
breast cancer [12–14].

Physical activity has been associated with a lower risk of developing breast can-
cer [12,13,15], with a decrease in the probability of relapse and with a higher survival
rate [13–15]. In individuals with cancer, physical activity has benefits for their health:
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reduced fatigue, improved strength levels, and improved quality of life and physical
function [15–19].

However, despite the evidence supporting physical activity, two out of three cancer
patients do not perform the minimum levels of exercise recommended by the American
College of Sports Medicine (ACSM), which considers it essential to perform 150 min of
moderate aerobic activity or 75 min of vigorous aerobic activity per week and at least
2 days of resistance training [13,17,20].

The relationship between physical activity and breast cancer has been demonstrated
in several studies that analyzed and compared the effects of different exercise programs in
breast cancer survivors, finding significant improvements in quality of life [21,22], physical
function, and muscle strength [21,23]. More specifically, the study by Wiskemann et al.
(2016) based on a 12-week resistance training program showed gains in muscle strength [24].
In several studies where the training programs combined endurance with aerobic exercise
for 12 weeks, the improvements were significant in muscle strength, level of physical
activity, and quality of life [21,25–29]. In addition, studies on mixed programs combining
aerobic and strength exercises [30,31] showed important improvements in aerobic capacity,
maximum oxygen consumption, muscle strength, reduction in the percentage of fat mass,
and, above all, improved quality of life. Improvements were also found in physical,
psychological, social, and quality of life parameters from training programs based on
dragon boat rowing in women with breast cancer [18,32–34].

Women breast cancer survivors have found rowing to be an activity that improves
the sequelae of the disease [35], such as reducing pain, increasing the range of movement
in the upper limbs, improving muscle activation, and increasing strength and muscle
function [36,37].

In this sense, rowing is considered one of the most complete water sports, involving
the work of the musculature of both the upper and lower limbs [38] and almost all the
body’s musculature [39]. It is a sport in which symmetrical movements are performed
that do not require forced position and that combine the work of strength and aerobic
endurance [18]. Several studies have shown that this type of activity improves the quality
of life of cancer patients, including psychological, physical, social, and emotional aspects,
favoring their rehabilitation, self-esteem, and normalizing their daily life [37,40,41].

In addition, the practice of rowing has psychosocial benefits for cancer survivors [37,42]
because it is a team sport that promotes the development of social relationships, and they
find the support they need in other women who have gone through or are going through
the same situation. Additionally, rowing is an outdoor activity, which provides them with
extra motivation to adhere to physical activity and improves their quality of life [41,43,44].

Finally, in studies using the short form of the International Physical Activity Ques-
tionnaire (IPAQ-SF) to examine changes in physical activity [28,29] and the Short Form
36 Health Survey (SF-36) for changes in quality of life [27,30] following physical activity
interventions in breast cancer patients, it was found that activity levels increased, and the
different domains of quality of life improved after completion of the training programs.

The purpose of the present longitudinal study is to determine the influence of a
12-week rowing training program on quality of life and physical activity levels in women
who have survived breast cancer.

2. Materials and Methods
2.1. Design and Participants

The study, according to Hernández, Fernández, and Baptista (2014), is a non-experimental
longitudinal panel design, given that the same participants have been measured or ob-
served at all times or points in time [45].

Participants (n = 28) aged 52.3 ± 3.8 years were recruited under the condition of
having overcome breast cancer. The women were diagnosed 4.7 ± 3.0 years earlier, had
different stages of disease, and had undergone surgery, as shown in Table 1.
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Breast cancer survivor (BCS) is the name given to women who have been diagnosed
with breast cancer and have had to undergo surgery and chemotherapy and/or radiother-
apy treatments.

To take part in this research, we searched various breast cancer associations in Malaga
for women who wanted to do sports (rowing) and who met the following characteristics:
having overcome breast cancer, having completed chemotherapy and radiotherapy treat-
ments, and having the oncologist’s approval to do physical activity. No more than 10 years
had passed since the cancer diagnosis. All of them were still taking tamoxifen.

The sample was selected based on compliance with these inclusion criteria.

Table 1. Characteristics of the breast cancer survivor sample.

Age (Years) 52.30 ± 3.78
Years from Diagnosis 4.68 ± 3.00

Stage
(%)

1 4.54
2 36.36
3 54.54
4 4.54

Surgery (%) Preservation 56.53
Total Mastectomy 43.47

The study was carried out at the RC Mediterráneo in Málaga involving women
from the Sport Association Málaga D.B. Forty-eight participants were invited to take part:
10 initially withdrew due to compatibility/work/family and transport problems, and 10
were excluded because they did not attend 90% of the sessions.

After the initial selection, the nature of the study was explained to the participants,
indicating that their anonymity would be maintained at all times, following the ethical
considerations of the Sport and Exercise Science Research [46], as well as the principles
included in the Declaration of Helsinki [47], which define the ethical guidelines for research
in human subjects. The University of Malaga assigned the identification number 65-2020-H,
which is registered with the Ethics Committee. The participants provided written informed
consent, and throughout the intervention and afterwards, we acted under the provisions of
the Organic Law 3/2018, of December 5, on the Protection of Personal Data and Guarantee
of Digital Rights, regarding the protection of personal data under Spanish legislation. After
signing the informed consent, the physical activity (IPAQ-SF) and the health-related quality
of life (SF-36) questionnaires were administered.

The intervention lasted 12 uninterrupted weeks in which the women carried out two
weekly sessions as described above. Both at the beginning and at the end of the program
the participants were asked to complete the questionnaires.

2.2. Instruments

The participants also completed the short version of the International Physical Ac-
tivity (IPAQ-SF) questionnaire to assess physical activity levels over the last 7 days. This
questionnaire consists of seven questions that have acceptable measurement properties to
monitor physical activity levels for adults aged 18 to 65 years in various settings, and it
also reports the number of metabolic equivalents (METS) over the last 7 days [48]. Several
studies have demonstrated the reliability of the IPAQ-SF for measuring the level of physical
activity or the number of METS achieved during the last 7 days, obtaining similar results
to other types of tests such as accelerometry or podometry [49–51].

The SF-36 Health Survey was used to assess health-related quality of life. This ques-
tionnaire consists of 36 items that report both positive and negative health status covering
eight dimensions: physical function, social function, physical role, emotional role, mental
health, vitality, bodily pain, and general health.
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2.3. Intervention

Before starting the training program, participants were asked to complete the IPAQ-SF
and SF-36 Health Survey questionnaires; in addition, they filled in the informed consent
document to participate in the study.

The 12-week rowing training program was carried out at the RC Mediterráneo in
Málaga, and it was divided into three parts of 4 weeks each. These stages progressively
increased in intensity and were regulated through the participants’ subjective perception
of effort using the Börg scale [52].

• Initial phase: mobility, proprioceptive, and postural control exercises. Main phase
with rowing training. Final phase with stretching. Börg scale 5–6.

• Intermediate phase: mobility, proprioceptive, and postural control exercises. Main
phase with rowing training. Final phase with stretching. Börg scale 6–7.

• Final phase: mobility, proprioceptive, and postural control exercises. Main phase with
rowing training. Final phase with stretching. Börg scale 7–8.

Throughout the program, a weekly schedule was established consisting of three
training days lasting 60–90 min per session. These sessions were supervised by a trainer
who ensured attendance, correct execution of the tasks, and intensity of the sessions, in
addition to excluding from the study those subjects who did not comply with at least 90%
participation. All the exercises in these sessions were performed in a group. Exercises
were generic and adjusted for people who have never rowed before. Each of the training
sessions had the same structure:

1. Initial phase—performed with warm-up, mobility, proprioceptive, and postural con-
trol exercises; all exercises carried out in a multipurpose room (10–15 min).

2. Intermediate phase—performed in the Mediterranean Sea near the port of Malaga
(Cruise Terminal/Malagueta Beach) using fixed-bench boats, typical of the Spanish
Mediterranean, called Llauts, which are propelled by eight rowers and a coxswain or
skipper [53], with each rower holding a single oar (40–60 min).

3. Final phase—flexibility exercises to relax the musculature and bring the body back to
its initial state after exercise (10–15 min).

Both at the beginning and at the end of the program sessions were held to discuss
issues, and the participants were asked to complete the questionnaires.

2.4. Data Analysis

All analyses were performed with IBM SPSS, version 25 (IBM Corp, Armonk, NY,
USA). The significance level was defined as p < 0.05. The fit of the different variables to the
normal distribution was assessed using graphic procedures and the Shapiro–Wilk test.

To examine the differences resulting from the rowing training performed by the
participants, the medians of each variable pre- and post-intervention were analyzed using
the Wilcoxon test for related samples (paired data). In addition, graphic analysis of the
different variables was carried out using box-and-whisker plots. In addition, the effect size
for the Wilcoxon test (r) was calculated by the Z-score [54]. In the Cohen’s guidelines for r,
a large effect is defined as 0.5, a medium effect as 0.3, and a small effect as 0.1.

3. Results

Descriptive analyses of the different study variables (Table 2), level of physical activity,
and quality of life are shown below, differentiating between pre-intervention and post-
intervention values.
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For the variables associated with engaging in physical activity obtained from the
IPAQ-SF and the quality of life through the SF-36 questionnaire, the Wilcoxon test was
carried out to determine whether significant differences exist between the pretest and
posttest data.

Figure 1 depicts all physical activity variables, showing improvements after the inter-
vention in levels of walking (Dif Mdn = 495 < 1287, z = −4.201, p = 0.000, r = 0.79), moderate
(Dif Mdn = 0.00 < 720.00, z = −4.314, p = 0.000, r = 0.81), vigorous (Dif Mdn = 80.00 < 1440.00,
z = −4.043, p = 0.000, r = 0.76), and total physical activity (Dif Mdn = 1075.50 < 3483.00,
z = −4.286, p = 0.000, r = 0.81), all of which were significant. The lower value obtained
for the IPAQ sitting variable (Dif Mdn = 240.00 > 150.00, z = −3.075, p = 0.002, r = 0.58)
after the intervention compared to before the intervention indicates the participants were
more active and spent less time sitting throughout the week. Regarding the effect size, the
differences had a large effect and were statistically significant, as they presented values
greater than 0.5.
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Focusing on the physical dimensions, Figure 3 shows that all variables improved sig-
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Figure 1. Physical activity levels (IPAQ-SF); PRE = pretest; POST = posttest; METS = metabolic
equivalents.

Regarding the variables associated with quality of life, Figure 2 displays the results
for the mental dimensions, showing improvements after the intervention in vitality (Dif
Mdn = 50.00 < 60.00, z = −2.879, p = 0.004, r = 0.54), social function (Dif Mdn = 75.00 < 100.00,
z = −3.247, p = 0.001, r = 0.61), emotional role (Dif Mdn = 75.00 < 100.00, z = −3.268,
p = 0.001, r = 0.61), and mental health (Dif Mdn = 58.00 < 68.00, z = −2.836, p = 0.005,
r = 0.54), all of which were significant. As for the effect size, its values were relevant as they
were above 0.5.
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Figure 2. Quality of Life (SF-36)—Mental Dimensions; PRE = pretest; POST = posttest.

Focusing on the physical dimensions, Figure 3 shows that all variables improved signif-
icantly after the intervention, including general health (Dif Mdn = 61.00 < 72.00, z = −2.006,
p = 0.045, r = 0.37). In the case of the variation in bodily pain (Dif Mdn = 51.50 < 61.00,
z = −2.472, p = 0.013, r = 0.47), this may indicate that the participants reported less pain
overall after the intervention. In other words, engaging in rowing decreases bodily pain
in women who are breast cancer survivors or increases the pain threshold in the women
studied. In addition, improvements after the intervention in physical role (Dif Mdn = 71.88
< 84.38, z = −3.866, p = 0.000, r = 0.73) and physical function (Dif Mdn = 82.50 < 90.00,
z = −3.256, p = 0.001, r = 0.62) were shown, which indicates that the participants had fewer
limitations when performing any physical activity compared to prior to the intervention.
In terms of effect size, the data show that the differences were relevant, as they presented
values between 0.3 and 0.5. This suggests that a 12-week rowing training program, adapted
to women who have had breast cancer, helps to improve the perceived ability to perform
other activities.
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Finally, in terms of overall perceived health of the participants, a significant improve-
ment was detected after the physical activity intervention (Figure 4). After completing
the rowing program, a tendency towards an improved perception of health emerged: the
number of women who reported having poor or fair health decreased, and those who
claimed having “very good health” increased, with 75% of the participants reporting their
health status to be good or very good.
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Figure 4. Variation in perceived health; Pts = points.

In summary, after an intervention based on a 12-week rowing training program tai-
lored to women who have had breast cancer, all variables showed significant improvements,
including those concerning level of physical activity and quality of life. That is, the partici-
pants were more physically active and less sedentary throughout the week. In addition,
their perceived physical, emotional, and mental health status improved, which indicates
fewer limitations in terms of physical activity, social life, and vitality.

4. Discussion

To date, studies relating rowing to improvements in quality of life or in the level of
physical activity in breast cancer survivors are practically non-existent. In this sense, some
research can be found in which other types of sports, such as dragon boating [32,33], yoga,
Pilates [55,56], or endurance, strength, or aerobic exercise training programs [22,24,31],
report improvements at physical, psychological, and social levels in women breast cancer
survivors.

More specifically, upon examining studies that used different types of physical activity
programs, the 12-week resistance training program proposed by Wiskemann et al. (2016)
reported improvements only in muscle strength [24]. Other programs that combined
aerobic and strength exercises for 24 weeks led to improvements in muscle strength,
aerobic capacity, and only some quality of life dimensions [31], while those that combined
resistance and aerobic exercises for 16 weeks showed improvements in the quality of
life and physical fitness of the participants [26]. Harris (2012) and McDonough et al.
(2018) reported that dragon boat rowing [32,33] led to physical, psychological, and social
improvements in women breast cancer survivors.

In our study, based on a rowing training program lasting only 12 weeks, improvements
were observed in all levels of physical activity, as measured by the IPAQ-SF, including
increased levels of walking, moderate and vigorous physical activity, and total physical
activity as well as decreased sedentary activity of the participants; improvements were
shown in all dimensions of quality of life. The results obtained in the present research
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are superior to those reported in previous studies; in addition, a shorter intervention time
was required.

These results may be due to the fact that rowing is a sport that involves the muscles
of both the lower and upper limbs and almost every muscle in the body [38]. In addition,
rowing is a cyclic and symmetrical sport that combines overall strength with aerobic
endurance [18]; it is based on cyclic and alternating movements of flexion/extension of the
limbs and stabilization of the trunk and back muscles [57]. In this sense, the involvement
of the whole body in physical activity, such as rowing, leads to improvements in quality
of life and physical function as well as reduction in body fat in women breast cancer
survivors [44,58,59].

In the study by Park et al. (2019), through a training program combining aerobic and
resistance exercises, physical activity levels increased after the 12-week intervention, rising
in 63,4% of the participants. At baseline, 33% of participants were inactive, 49.6% minimally
active, and 17.4% health-enhancing physical activity (HEPA) active; after intervention the
percentages improved, being 15.3%, 50.4%, and 34.2%, respectively [28]. It is of interest
to compare these results with those of our study, which used an intervention of the same
duration. In our study, overall physical activity levels increased in all participants after
the rowing program with respect to the initial measurement. It should also be noted that
prior to the intervention, about 50% of the participants reported no moderate or vigorous
physical activity, whereas afterwards, all the participants reported engaging in moderate
physical activity, and less than 10% reported no vigorous activity.

Regarding quality of life parameters, the study by Mascherini et al. (2020) shows
improvements in physical function, social function, general health, and mental health after
6 months of training [60]. Di Blasio et al. (2017) after 12 weeks of intervention only found
improvements in physical function, physical role, bodily pain, and general health [23].
Dolan et al. (2018) also showed that after a 22-week training program all SF-36 quality of
life dimensions improved, with the exception of bodily pain [61].

Some of the limitations of this study reside in the scarcity of the sample. Although ho-
mogeneity was presented for the variables evaluated in this article, it would be interesting
to know what the effects of this rowing program are from different times since the cancer
was diagnosed or whether mastectomy is present or not.

The results of the present study demonstrate that rowing training has a greater influ-
ence on quality of life in breast cancer survivors than previously reported, as significant
improvements were found in all quality of life parameters after an intervention of shorter
duration. This implies that perceived physical, emotional, and mental health status and
the perceived ability to perform other activities improved to a greater extent after our
rowing-based training program. Indeed, 75% of the participants reported their health
status as good or very good after the intervention, with a considerable increase compared
to the initial data.

5. Conclusions

Previous studies have reported improved quality of life and reduced physical inactiv-
ity in female breast cancer survivors through training programs such as aerobic, strength,
resistance, and dragon boat exercises. In the present study, we have shown that an interven-
tion of just twelve weeks in length using rowing training tailored to women who have had
breast cancer produced improvements in all levels of physical activity and reduced physical
inactivity, with respect to the initial measurement. In addition, after the intervention, the
physical, emotional, and mental health status of the participants improved, leading to
fewer limitations in their daily routines, physical activity, social life, and vitality. Our
rowing program showed greater benefits in health and quality of life than other studies of
various durations. We can therefore conclude that rowing training contributes to increasing
daily physical activity as well as improving health status and the different dimensions of
quality of life in women who have survived breast cancer.
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Abstract: Background: Races and competitions over 100 miles have recently increased. Limited
information exists about the effect of multiday continuous endurance exercise on blood glucose
control and appropriate intake of food and drink in a female athlete. The present study aimed
to examine the variation of blood glucose control and its relationship with nutritional intake and
running performance in a professional female athlete during a 155.7 h ultramarathon race with little
sleep. Methods: We divided the mountain course of 438 km into 33 segments by timing gates and
continuously monitored the participant’s glucose profile throughout the ultramarathon. The running
speed in each segment was standardized to the scheduled required time-based on three trial runs.
Concurrently, the accompanying runners recorded the participant’s food and drink intake. Nutrient,
energy, and water intake were then calculated. Results: Throughout the ultramarathon of 155.7 h,
including 16.0 h of rest and sleep, diurnal variation had almost disappeared with the overall increase
in blood glucose levels (25–30 mg/dL) compared with that during resting (p < 0.0001). Plasma total
protein and triglyceride levels were decreased after the ultramarathon. The intake of protein and fat
directly or indirectly contributed to maintaining blood glucose levels and running speed as substrates
for gluconeogenesis or as alternative sources of energy when the carbohydrate intake was at a lower
recommended limit. The higher amounts of nutrient intakes from solid foods correlated with a higher
running pace compared with those from liquids and gels to supply carbohydrates, protein, and fat.
Conclusion: Carbohydrate, protein, and fat intake from solid foods contributed to maintaining a fast
pace with a steady, mild rise in blood glucose levels compared with liquids and gels when female
runner completed a multiday continuous ultramarathon with little sleep.

Keywords: sports nutrition; continuous glucose monitoring; carbohydrate; protein; hydration; trail
running; Freestyle Libre

1. Introduction

Ultramarathon is a longer-distance marathon that has increasingly gained popularity
in recent years [1]. The total energy expenditure of a 100-mile (160 km) ultramarathon
reaches approximately 13,000 kcal in a 180 cm, 75 kg, middle-aged experienced male runner.
The carbohydrate-derived energy in 140 min of the mountain marathon was reported to be
68%, which was lower than in 20 to 30 min of track (98%) or mountain running (86%). The
percentage of lipid utilization would increase further as time and distance increased [2].
Thus, nutritional strategies are essential for ultramarathon runners wanting to improve
their race results and also for those focusing primarily on finishing the event.

103



Int. J. Environ. Res. Public Health 2021, 18, 5153

For endurance sports, the recommended carbohydrate intake is 30–60 g/h; however,
for exercises lasting more than 3 h, the advocated recommendation is higher (i.e., ≤90 g/h
and glucose:fructose ratio of 2:1) [3,4]. For a single-stage ultramarathon that generally lasts
for more than 3 h, a carbohydrate level of 30–50 g/h is recommended because of numerous
barriers to achieve 90 g/h consumption of a multiple-transportable carbohydrate blend [5].
Some of these barriers were described as follows. First, observational studies demonstrated
that the actual carbohydrate intake during ultramarathons was less than 60 g/h in most
runners [2,6,7], including slower runners consuming 37 g/h [8], and very few reached
more than 60 g/h [9,10]. Second, the absolute exercise intensity of an ultramarathon was
not as high as some other endurance activities because of its extremely long duration (6, 13,
24, 48, 72, or 10 days) [11]. Third, intestinal absorption might be affected by undertaking
highly intensive and long-duration exercises because of the changes in the splanchnic
blood flow. In addition, heat, endotoxin, or vertical shaking of their digestive system
during rough terrain races could lose the appetite of ultramarathon runners [11,12]. Fourth,
ultramarathon runners have to carry their food and fluids in their backpacks during long
hours of racing; considering the additional weight being carried, the exercise intensity
was increased [8]. Fifth, runners might find food intake difficult while maintaining their
balance with both hands when running down steep mountains or climbing steep slopes.

In recent years, races and competitions of over 100 miles have increased, but the spe-
cific nutritional and hydration requirements during a continuous multiday ultra-endurance
running are still insufficiently known. Reports on races longer than 100 miles [13–18] and
especially on the nutritional intake are also limited [19–21].

A review on nutritional supplementation during ultramarathons mainly covers run-
ning events of 100–160 km, with a maximum of 217 km [2]. Likewise, a recently published
position statement of the International Society of Sports Nutrition [5] and practical recom-
mendations for ultramarathon events [8,14,22] are mainly based on 100–160 km studies.

Since energy intake in an ultramarathon usually exceeds the energy expenditure [5],
the effects of energy deficiency would be apparent when the competition time becomes
longer than several days and close to a week. The energy deficit could lead to hypoglycemia,
degradation of organs, reduction of energy substrates in the blood, and decline in running
performance. Firstly, hypoglycemia could reduce the running speed [23]. Hence, the
minimum required amount of carbohydrates in each athlete must be identified to maintain
their blood glucose levels using a continuous glucose monitoring system. Continuous
blood glucose monitoring has widely been used in patients with diabetes and healthy
people during exercise [24,25].

Secondly, degradation of tissues could become apparent [8,26,27]. Degradation of
tissues could be attenuated by carbohydrate supplementation of 120 g/h, which is far
above the recommended amount. However, it cannot enhance running performance and
can even increase the incidence of gastrointestinal problems [28,29].

Third, the effects of sleep deprivation on metabolism and athletic performance might
be more pronounced. The effects of sleep loss on physiological responses and exercise
remain equivocal. An exhaustive review reported that sleep deprivation decreased exercise
time to exhaustion, mean power, and increased heart rate [30]. In healthy non-athletes, sleep
restriction induced both weight gain and diabetes risk by altering the glucose metabolism,
upregulation of appetite, and decreased energy expenditure [31]. However, there are no
reports on sleep deprivation and glucose control during ultra-distance events.

Optimal nutrition leads to a decreased risk of energy depletion, better performance [32],
the prevention of acute cognitive decline, and improved athlete safety on ultramarathon
courses with technical terrain or those requiring navigation [5]. However, the execution
of the precise nutrition plan might be difficult for the runner [33] because the nutrient
requirements for ultramarathon racing vary greatly, depending on the individual [5], such
as age, sex, body mass, or exercise intensity.

A continuous glucose monitoring system encodes individual fluctuations of blood
glucose levels in all life situations, including extreme endurance sports [24,25,34–36]. For

104



Int. J. Environ. Res. Public Health 2021, 18, 5153

endurance athletes, wearable devices enable them to compete while maintaining social
distance and race across time and space by keeping the records in the cloud [37]. A
combination of these devices could potentially improve our understanding of the complex
interplay between nutrition and exercise performance.

Through analyzing the relationship between blood glucose fluctuation, running speed,
and nutrient intake, one’s optimal nutritional requirement could be determined. This
approach might help acquire one’s appropriate energy and nutrient intake, especially
during long-distance events [24,34–36].

This study aimed to examine the variation of blood glucose control and its relationship
with the nutritional intake and running performance in a professional female athlete during
the 155.7 h of 438 km ultramarathon race with little sleep.

2. Materials and Methods
2.1. Study Design

This case study was designed to define the normal range of blood glucose during a
continuous multiday ultramarathon with little sleep and observe the relationships among
nutrient intakes, running performance, and blood glucose level. The Ryukoku University
Human Research Ethics Review Board (No. 2019-35) approved all our procedures, which
complied with the code of ethics of the World Medical Association (Declaration of Helsinki).
Written informed consent was obtained from the participant before the study commenced.

2.2. Study Population

A professional female trail runner (age, 44 years; height, 1.52 m; body mass, 42 kg;
body mass index, 18.2 kg/m2, body fat percentage 18%) voluntarily participated in the
study. Her annual mileage, elevation gain, and training time were 4440 km, 212,000 m,
and 720 h, respectively. She had completed various ultramarathon races, including 330 km
certified by the International Trail Running Association, in the last 3 years. In the 35 inter-
national races she has competed in, she finished 29 times in the top 10, 16 times in the top
3, and won 4 times. Hence, she is well experienced in ultramarathons.

2.3. Mountain Ultramarathon Course

This study was conducted during a mountain ultramarathon challenge for the fastest-
known time in Shiga Round Trail/Shigaichi (https://fastestknowntime.com/route/shiga-
round-trail-shiga-ichi-japan, accessed on 12 May 2021) held around the Lake Biwa, the
largest lake in Japan (ambient temperature range: 18.3 ◦C–30.5 ◦C, relative humidity range:
42–75%), during the first week of June 2020. The distance of the course covered 438 km,
and the total elevation gain was 28,300 m. Over 90% of its length unfolded along the
unpaved forestry trail. The course was divided into 32 segments by 33 timing gates where
investigators recorded each runner’s passing time. The distances between each timing gate
were 13.69 ± 5.3 SD km (range: 5.9–26.8 km). The running time and speed between each
timing gate were obtained by investigators, and the global positioning system (GPS) was
recorded by a wristwatch (SUUNTO 9, Suunto, Finland). Furthermore, the location and
running speed of the runner were broadcasted live on the internet via a GPS-based tracking
system (https://ibuki.run/, archived on 12 May 2021, IBUKI live, ONDO Inc., Kyoto,
Japan). Specifically, the running time between each timing gate was 4:52 ± 2:16 h (range:
1:10–11:40 h). During the race, the runner carried her backpack containing necessities,
such as food and fluid, which could be replenished at each timing gate. The total running
time was 155.7 h, including 16.0 h of rest and sleep. The total hours of rest and sleep
each day were 0:20, 1:55, 1:40, 4:00, 3:30, 2:45, 1:50 h:min plus 2 h of fragments of sleep
during running.
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2.4. Running Pace Data Collection and Standardization

The running performance during the ultramarathon was calculated using the follow-
ing arbitrary formula:

Pace (min/km) = (E − A)/(Distance of the segment (km))

where

E: the estimated running time of the segment (min);
A: the actual running time of the segment (min).

The pace value was positive when the runner ran faster than the estimated running
time but negative when the runner ran slower. Before the ultramarathon, the runner ran 3
1/2 trial laps of this course to determine the estimated running time of the segment.

2.5. Glucose Data Collection and Standardization

All of the blood glucose profile was monitored by flash glucose monitoring (FGM),
a minimally invasive method described in previous reports [38–42]. Briefly, the FGM
system (FreeStyle Libre; Abbott Diabetes Care, Alameda, CA, USA) mechanically reads
and continuously measures the glucose concentration in the interstitial fluid collected right
below the skin and subsequently reveals the corresponding ambulatory glucose profile.
From one day before the race to three days after the race, the FGM sensor was applied
at the back of the runner’s upper arm, and glucose concentrations were obtained every
15 min [39]. The highest and lowest glucose concentration levels in each segment and their
difference were used as representative values in every segment.

The samples for the plasma clinical parameters were collected after an overnight fast
one month before and one week of an off-training period after the ultramarathon and
analyzed. The ultramarathon was planned to take place a month earlier, but due to the
COVID-19 infection situation and the soft lockdown by the Japanese government, the start
of the ultramarathon was delayed by a month. Blood was collected in a clotted vial, and
the serum obtained was analyzed by clinical laboratory testing (Falco Biosystems, Inc.,
Kyoto, Japan). Aspartate aminotransferase (AST), alanine aminotransferase (ALT), and
creatine kinase (CK) were estimated by the JSCC standard method. Alkaline phosphatase
(ALP) and lactate dehydrogenase (LDH) were estimated by the IFCC standard method.
Triglyceride and LDL-cholesterol were estimated by the enzyme colorimetric method.
Sodium, potassium, and chloride were estimated by the ion-selective electrode method.
Calcium was estimated by the arcenazo III colorimetric test.

2.6. Diet Supply Data Collection

Investigators followed the runner and recorded the entire food and drink intake in
relays throughout the ultramarathon. They reported the timing and volume of consumed
food and fluid products based on pictures taken during the race. In detail, one or two of
the investigators always ran with the runner, taking turns in each segment. They checked
the current location, based on GPS, when the runner consumed the refueling meal and
recorded the consumption point on a map. Food and fluid products consumed more than
60 min before the start of the ultramarathon were excluded in the nutrient intake calculation
with reference to previous studies [23,43]. The nutrition information indicated on the cover
of the food and fluid products was our basis when calculating the energy and nutrient
intake. If data were unavailable, the intake was calculated according to the standard tables
of food composition in Japan 2015 (7th revised edition) [44]. The energy and nutrient intake
was expressed relative to the pre-race body weight (kg) per running time (h). In reference
to previous research [23,44], all foods were categorized as follows: sports drinks (isotonic
and hypertonic formulas), cola, gels, milk product, tea, soup, other liquids (all other drinks
consumed), fruits, sweets, bars, noodles, bread, rice products, wheat products, powder,
and other solids (all other products consumed).
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As shown in Table 1, the runner consumed energy and nutrients from liquids, gels,
fruits, sweets, and other solids. The hourly intake of energy, protein, fat, carbohydrate,
water, and salt was 170.8 kcal, 5.9 g, 3.1 g, 29.7 g, 263.0 g, and 1.1 g, respectively. The
protein:fat:carbohydrate ratio of the ingested nutrients was 13.7:16.5:69.5. The runner
consumed 30.1% and 58.3% of their energy from liquids and gels, and solids, respectively.
Identically, the intake of carbohydrates from solids (44.4%) was similar to that from liquids
or gels (41.4%). Meanwhile, proteins (89.5%) and fats (84.3%) were mostly consumed
from solids. Other solids included smoked chicken, potatoes, risotto, lasagna, and protein
powder. Other liquids included smoothies and coffee.

Table 1. Total energy and nutrients consumed during the ultramarathon.

Energy, kcal Protein, g Fat, g Carbohydrate, g Water, g Salt, g

Liquids and gels 7999 56 17 1911 35,018 84
Sports drink 1467 5 0 377 6617 13
Cola 87 0 0 21 103 0
Gel 1255 9 0 306 208 44
Milk product 3324 32 6 772 11,889 8
Tea 1120 0 0 284 14,216 14
Soup 331 8 11 48 683 5
Other liquids 415 2 0 103 1302 0

Fruits and sweets 3075 37 59 657 2329 1
Fruit 1122 14 3 291 1601 0
Sweet 1953 23 56 366 728 1

Solids 15,516 815 409 2047 3579 77
Bar 3120 260 91 312 78 8
Noodle 1678 53 29 287 1069 17
Rice product 5334 125 91 965 1050 32
Wheat product 2164 74 88 250 463 7
Powder 651 119 7 22 12 2
Other solids 2569 184 103 211 907 11

Total 26,590 908 485 4615 40,926 162
Average per hour 171 5.9 3.1 29.7 263 1.1

The subtotal of each category is shown in bold.

2.7. Statistics

Herein, numerical data are presented as means and standard deviations unless other-
wise specified. Data from a female ultrarunner were processed and analyzed in GraphPad
Prism for Mac (version 9.0.1, GraphPad Inc., San Diego, CA, USA). The associations be-
tween the running performance, glucose level, and nutrient intake were investigated using
Spearman’s rank correlation coefficients. The differences among each situation of the blood
glucose level were compared by a Mann–Whitney test by ANOVA followed by Dunn’s
multiple comparison test for the comparison among more than three groups. Results were
considered significant when p < 0.05. Limitations of the single-subject research design are
the generalizability of the study conclusions and were described in the discussion section.

3. Results
3.1. General Results of Blood Glucose Fluctuation during the Ultramarathon

During the 7-day ultramarathon, the regular circadian rhythms, including breakfast,
lunch, and dinner, almost disappeared, as detected in the blood glucose levels (Figure 1A).
Additionally, the mean blood glucose levels (25–30 mg/dL) were higher than those during
the preliminary and post-ultramarathon periods (p < 0.0001, Figure 1B). The mean daytime
and nighttime blood glucose levels during the ultramarathon were 130.0 ± 16.2 and
124.7 ± 17.3 mg/dL, respectively, with a slight difference (p < 0.001, Figure 1C). Moreover,
the blood glucose levels during the ultramarathon were controlled within a narrower range
than during the preliminary period (Figure 1D).
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Figure 1. Blood glucose fluctuation during the 7-day ultramarathon. Each solid line represents
the daily glucose variation (A). Scatter plot of blood glucose during a preliminary, ultramarathon,
and post-ultramarathon periods, respectively (B). Scatter plot of blood glucose levels during night
(dark) and day (light) throughout the ultramarathon (C). Histogram of blood glucose fluctuation
during preliminary, ultramarathon (night and day), and post-ultramarathon periods (D). *** p < 0.001,
**** p < 0.0001 The differences between dark and light were compared by the Mann–Whitney test, and
those among pre, ultramarathon post were compared by the Kruskal–Wallis nonparametric ANOVA,
followed by Dunn’s multiple comparison test.

3.2. Relationship between the Amount of Nutrient Intake and Maintenance of Glucose Level during
the Ultramarathon

Significant correlations between the runner’s blood glucose levels and nutrient intake
were not observed. The lowest glucose level between the segments tended to correlate
with protein intake (p = 0.06). The highest blood glucose level in the segment was not
significantly related to nutrient intake. The difference between the two lines was 50 mg/dL
approximately, which was the difference between the highest and lowest blood glucose
levels in each segment. Among all nutrients, the difference did not vary significantly from
about 50 mg/dL, regardless of the amount consumed (Figure 2).
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3.3. Relationship between Glucose Level and Running Pace

During exercise, the runner was within the expected normoglycemic range
(86–185 mg/dL), with no extreme hyperglycemia or hypoglycemia (Figure 1). There-
fore, the running pace had no significant correlation with the highest blood glucose level
(p = 0.79), lowest blood glucose level (p = 0.32), and delta (difference between the highest
and lowest blood glucose levels, p = 0.36) between segments (Figure 3).
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Figure 3. Relationship between the running pace and the highest blood glucose level, lowest blood
glucose level, and delta (difference between the highest and lowest blood glucose levels) between
segments. The pace was calculated from the difference between the estimated running time and
actual running time of the segment, as described in the Methods section. Briefly, the pace value was
positive when the runner ran faster than the estimated running time and negative when the runner
ran slower.
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3.4. Relationship between the Amount of Nutrient Intake and Running Pace during
the Ultramarathon

The running pace significantly correlated with energy (p = 0.02) and carbohydrates
(p = 0.01). The running pace tended to correlate with protein (p = 0.10) and water intake
(p = 0.06). Other nutrient intake data did not show the correlation with the running pace
(Figure 4).
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3.5. Comparison of Nutrient Intake between Fast and Slow Running Paces

The energy and nutrient intake in the positive running pace (faster than planned)
were compared with that in the negative running pace (slower than planned). The energy
(p < 0.01), carbohydrate (p < 0.05), protein (p < 0.01), fat (p < 0.05), water (p < 0.01), and
salt (p < 0.05) intake in the positive running pace was significantly higher than that in the
negative running pace. In the positive running pace, the median hourly nutrient intake for
carbohydrate, protein, fat, water, and salt was 38.0 g/h, 9.0 g/h, 5.0 g/h, 413.0 mL/h, and
1.6 g/h, respectively, and the median hourly energy intake was 225 kcal/h (Figure 5).

3.6. Comparison of Food Type between Fast and Slow Running Paces

Food product types used for energy and nutrient consumption were compared in
terms of the positivity or negativity of the running pace. When the running pace was
positive, the energy and nutrient intake from solids was approximately two times higher
than that when it was negative (p < 0.05). The water intake was mainly derived from
liquids or gels and the intake of liquid (Figure 6).
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Figure 5. Comparison of energy (A), carbohydrate (B), protein (C), fat (D), water (E), and salt (F)
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when the running pace was the same as planned; slow, when the running pace was slower than
planned). * p < 0.05 and ** p < 0.01 between fast and slow, Mann–Whitney test. The horizontal bar
represents the median in each group.
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3.7. Change of Serum Parameters Pre- and Post-Ultramarathon

Triglycerides in the blood were greatly reduced, suggesting that lipid utilization
contributed significantly to energy production. The total protein in the blood was also
slightly decreased. The decrease in ALP could be due to insufficient zinc intake. On the
other hand, there was only a slight increase in AST and ALT compared to the marked
increase in LDH and CK, suggesting that although there was muscle damage, the damage
on the liver function was small (Table 2).

Table 2. Serum parameters pre- and post-ultramarathon compared with the Japanese population.

Normal Range Ultramarathon
Mean (95% CI) Pre Post

Total protein g/dL 7.4 ± 0.5 (6.5–8.3) 6.9 5.8 L

Triglyceride mg/dL 89.5 ± 30.4 (30.0–149.0) 140 33
LDL-cholesterol mg/dL 104.5 ± 17.6 (70.0–139.0) 65 L 42 L

AST U/L 23.0 ± 7.7 (8.0–38.0) 31 87 H

ALT U/L 23.5 ± 9.9 (4.0–43.0) 35 84 H

ALP U/L 232.0 ± 62.2 (110.0–354.0) 258 70 L

LDH U/L 183.0 ± 31.6 (121.0–245.0) 184 428 H

CK U/L 117.0 ± 40.3 (38.0–196.0) 102 1312 H

Na mEq/L 142.5 ± 3.8 (135.0–150.0) 137 142
Cl mEq/L 104.0 ± 3.1 (98.0–110.0) 101 106
K mEq/L 4.4 ± 0.5 (3.5–5.3) 4.7 3.9
Ca mg/dL 9.3 ± 0.5 (8.4–10.2) 9 8.5

L, lower than normal range CI; H, higher than normal range; AST, aspartate aminotransferase; ALT, alanine amino-
transferase; ALP, alkaline phosphatase; lactate dehydrogenase; LDH, lactate dehydrogenase; CK, creatine kinase.

4. Discussion

This study aimed to examine the variation of blood glucose control and its relationship
with nutritional intake and running performance in a professional female athlete during
the continuous over 400 km ultramarathon race with little sleep. Diurnal variation had
almost disappeared with the overall average glucose increase of approximately 30 mg/dL
compared to resting. A significantly faster running speed correlated with a higher energy
and nutrient intake from solid foods than from gels and liquids. Interestingly, the median
energy and carbohydrate intake in the fast-running pace were within the recommended
energy and carbohydrate intake, mainly covered 100–160 km ultramarathon [5,6].

Protein intake contributed to the maintenance of blood glucose levels as carbohydrate
intake was at the lower end of the recommended amount. Sufficient energy and nutri-
ent intake prevented hypoglycemia, thereby maintaining the running speed during the
ultramarathon. Consistent with the findings from a 100-mile race [23], the highest blood
glucose concentration obtained was not associated with the running speed, indicating
that instead of the rapid availability of carbohydrates, nutrient intake from solid foods for
controlling glucose homeostasis was the key determinant of performance especially in an
ultramarathon of over 400 km.

Recording the amount of energy and nutrient intake during prolonged exercise events
had corresponding difficulties. A bicycle equipped with a camera cycled alongside the
runner to accurately record the results [45]. In the present study, given that the course
mostly covered a single track where bicycles could not pass, the ultramarathon runners
were followed by other runners to record the food and drink intake; hence, the energy and
nutrient intake recorded was precise and valuable. This ultramarathon gained considerable
attention that several runners took turns to accompany the ultramarathon runner for
approximately one week to keep track of her meals and drinks.

Gluconeogenesis played an essential role in maintaining blood glucose levels during
an ultramarathon, considering that meeting carbohydrate consumption throughout the en-
tire ultramarathon race was not feasible, not even in typical durations of an ultramarathon
(6–48 h). Energy deficiency was common in ultramarathons [5–7,32,45–48]. Studies using
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a doubly labeled water technique or respiratory gas analysis estimated that the energy
expenditure during 160 km ultramarathons was approximately 13,000 kcal [2,49,50]. The
previously reported rates of gluconeogenesis and hepatic glycogenolysis in a resting state
in low-carbohydrate–fed subjects were 0.07 and 0.03 g/kg/h, respectively [51]. The sum
of these two values (0.1 g/kg/h), otherwise known as endogenous glucose production,
would be the minimum required amount of carbohydrates to maintain blood glucose
levels during a resting state. The endogenous glucose production significantly increased
to 0.36 g/kg/h during exercise at 55% of peak power output [51] or 0.48 g/kg/h during
exercise at the lactate threshold level in fasted, well-trained subjects [52]. In accordance
with this calculation, the runner in the present study required 29.7 and 5.9 g/h of carbohy-
drate and protein intake, respectively, to maintain her blood glucose concentrations during
the ultramarathon.

Consuming mostly solid foods alongside other carbohydrate forms can be a practical
option for the supplementation of adequate energy and nutrients with fewer gastroin-
testinal problems, especially for a race that lasts for several days. Previous reports using
13C-labeled isotopes revealed that carbohydrates from solid foods (as well as from liquids)
were effectively oxidized during exercise and could suppress gastric emptying compared
with the liquid form [43]. Solid foods slightly elevated blood glucose levels and secreted less
insulin [53] and glucose-dependent insulinotropic peptide compared with liquid foods [54].
Furthermore, gastric emptying of semisolid food was not affected by exercises at intensities
of the 40% VO2 peak [55]. Solid foods could maintain the same blood glucose levels as gel
foods and perform the same intensity of cycle exercise and time trials [56]. According to
recent reports, ingestion of a larger volume of carbohydrate solution at less frequent inter-
vals during prolonged submaximal running spared endogenous carbohydrate oxidation
rates. It did not cause increased markers of gastrointestinal discomfort compared with the
smaller volumes at more frequent intervals [57].

A marked increase in CK, compared with the other biochemical markers, such as ALT,
AST, LDH, were reported in previous studies on 130 to 160 km of ultramarathon [26,27].
In a longer-distance ultramarathon, a significant increase in CK was observed [8]. On the
other hand, ALP was mildly elevated in this previous study but decreased in the present
study. The reduction of ALP might be due to insufficient zinc intake in this study.

In the present study, there was a correlation between nutrient intake and speed, as the
intake of energy and nutrients were insufficient compared with the energy expenditure
during the ultramarathon. Insufficient intake was speculated by the decrease in blood
triglycerides and total protein concentration in the present ultramarathon. Our previous
study also revealed that the lowest blood glucose level in each section was the cause of
the running speed reduction, though the highest blood glucose level in each section of the
run was not related to the running speed [23]. Fatigue is caused by various factors, and
excessive intake did not entirely enhance performance. The weak correlation between the
blood glucose level and the running speed could be explained by the previously reported
gender-specific differences in fuel utilization during exercise. Females showed higher lipid
oxidation caused by higher plasma adiponectin levels [58], higher muscle triglyceride
utilization [59], low plasma glucose levels [60], and higher fasting hepatic glucose uptake
than males [61].

Levels of glucose increased by an average of approximately 20 percent during the
early part of nocturnal sleep but returned to baseline levels in the morning because of
reduced glucose utilization during sleep [62]. Similarly, glucose tolerance was optimal in
the morning and reached its minimum in the middle of the night [63,64]. Another study
revealed an association between sleep and glucose regulation during constant glucose infu-
sion, which was a condition that inhibited endogenous glucose production and, therefore,
revealed changes in glucose utilization [62].

The intravenous glucose tolerance test during the sleep restriction condition demon-
strated that the rate of glucose clearance was approximately 40% lower and the acute
insulin response to glucose was 30% lower compared to the sleep extension condition [65].
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Interestingly, the diurnal rhythm of blood glucose levels in the present study was almost
abolished compared to the resting state, and the difference between daytime and nighttime
blood glucose levels was significant but not pronounced. This change was caused by the
combined factors of running and sleep deprivation, but the mean and SD of blood glucose
levels did not gradually increase along with the accumulation of sleep deprivation during
the ultramarathon. These results suggested that running in a sleep-deprived state for at
least up to a week did not cause extreme fluctuations in blood glucose levels.

Sleep deprivation of 30 to 72 h did not drastically affect cardiovascular and respira-
tory responses to exercise of varying intensity or the aerobic and anaerobic performance
capability [66]. For example, during prolonged treadmill walking at about 80% of the
VO2max, the reduction of work time to exhaustion was only 11% after 30 h of sleep depri-
vation [67]. Another study reported that the maximal isometric and isokinetic muscular
strength and endurance of selected upper and lower body muscle groups, the performance
of the Wingate Anaerobic Power Test, simple reaction time, the blood lactate response to
cycle exercise at 70% VO2max, and most of the cardiovascular and respiratory responses
to treadmill running at 70% and 80% VO2max, were not significantly altered as a result of
sleep deprivation of 60 h [68]. Although the sleep deprivation in this study was 155.7 h, the
runner was not in complete sleep deprivation, and its relationship to performance needed
to be carefully examined.

Meanwhile, the main limitation of this study was the number of subjects. It was not
feasible to have sufficient subjects, as few people even attempt to run through the entire
route of the 438 km of a mountain ultramarathon for continuous several days. In the
present ultramarathon, another runner started simultaneously but retired in the middle
of the race. Though this research was a case study, our study athlete set the fastest time;
thus, our record could be considered valuable. Our observational study supported the
effectiveness of the position statement of the International Society of Sports Nutrition [5]
and practical recommendation for ultramarathon participants to prevent hypoglycemia
during exercise.

The limitations of the single-subject research design were the generalizability of the
study conclusions and the methodological and statistical assumptions that were typically
needed for inferential statistical tests. A single-subject design provided limited support
for conclusions regarding populations of subjects [69]. Nonetheless, single-subject studies
have been conducted in rehabilitation, disability [70,71], or psychological research [72].
These study designs employ a comparison in the AB design. In this design, A represents
the baseline, and B represents the treatment. The subject is treated repeatedly as AB or
ABA [73,74]. Similarly, ABAB or other extensions of AB designs are stronger designs
than the simple phase change of an AB design [71]. In the present study, the statistical
data was processed as an extended AB design consisting of segments of faster or slower
than the planned pace. In the future, these findings need to be accumulated to reach a
general conclusion.

Another methodological limitation was the large fluctuations in running speed during
the ultramarathon. The running speed in the mountain ultramarathon usually varied
by vast diversities of terrain [75] and physiological changes such as muscle fatigue and
energy deficiency. We could not measure the heart rate as the runners did not tolerate the
discomfort of wearing the belt for six days. We used a GPS tracking system to monitor this
run, but it was difficult to calculate the intensity from the distance and slope because more
than 90% of this route was a track in the forest, and the surface was diverse. Therefore,
the running speed values of the runner were standardized using the preliminary planned
running time, which was obtained by allowing the runner to run 3 1/2 trial laps of this
course before the ultramarathon. The precise and objective power meters were already
applicable in cycling studies [76].

Continuous glucose monitoring systems were less accurate than the gold standard
for intermittent self-measurement of blood glucose [40]. The present research adopted
the system, which was pronounced as superior performance during exercise compared
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with the other GM systems [41]. Although we rarely observed hypoglycemia in this
study, caution should be exercised regarding the accuracy of values at low blood glucose
levels as the median absolute relative difference between the reference values and those
obtained by the sensor across the glycemic range overall was 22 (13.9–29.7)% and was 36.3
(24.2–45.2)% during hypoglycemia, 22.8 (14.6–30.6)% during euglycemia and 15.4 (9–21)%
during hyperglycemia [77].

GPS monitoring throughout the entire running and sharing the runner’s location was
linked to the assured dietary support and safety of the runner in the present study. Sharing
the blood glucose level as well was expected to ensure further safety. Accurate physical
workload calculation based on GPS monitoring or running power meter would enable a
more accurate analysis of the running performance and blood glucose fluctuations.

5. Conclusions

In conclusion, the diurnal variation of the plasma glucose level had almost disappeared
with the overall slight glucose increase during a continuous multiday ultramarathon in a
female athlete. The intake of protein and fat directly or indirectly contributed to maintaining
the blood glucose levels and running speed as gluconeogenesis source or energy source
when the intake of carbohydrates was at the lower limit of dietary recommendation.
Carbohydrate, protein, and fat intake from solid foods contributed to maintaining a fast
pace compared with liquids and gels.
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Abstract: The aim of this study was to examine the effects of the menstrual cycle on vertical jumping,
sprint performance and force-velocity profiling in resistance-trained women. A group of resistance-
trained eumenorrheic women (n = 9) were tested in three phases over the menstrual cycle: bleeding
phase, follicular phase, and luteal phase (i.e., days 1–3, 7–10, and 19–21 of the cycle, respectively).
Each testing phase consisted of a battery of jumping tests (i.e., squat jump [SJ], countermovement
jump [CMJ], drop jump from a 30 cm box [DJ30], and the reactive strength index) and 30 m sprint
running test. Two different applications for smartphone (My Jump 2 and My Sprint) were used to
record the jumping and sprinting trials, respectively, at high speed (240 fps). The repeated measures
ANOVA reported no significant differences (p ≥ 0.05, ES < 0.25) in CMJ, DJ30, reactive strength index
and sprint times between the different phases of the menstrual cycle. A greater SJ height performance
was observed during the follicular phase compared to the bleeding phase (p = 0.033, ES = −0.22).
No differences (p ≥ 0.05, ES < 0.45) were found in the CMJ and sprint force-velocity profile over the
different phases of the menstrual cycle. Vertical jump, sprint performance and the force-velocity
profiling remain constant in trained women, regardless of the phase of the menstrual cycle.

Keywords: female athletes; ovarian cycle; plyometric exercises; testing; velocity

1. Introduction

Lower-limb ballistic movements, or stretch-shortening cycle (SSC) muscle actions,
have been identified as key determinants of physical performance in women [1], and
jumping and sprinting tests are widely used to assess the mechanical capabilities of the
lower-limbs and the efficiency of the SSC [1,2]. The individual force-velocity (F-v) relation-
ship has been proposed as a valid marker of the athlete’s mechanical profile [3], providing
more useful information for training prescription and monitoring training adaptations
than isolated jumping or sprinting tests [4]. Moreover, with the constant advances in

119



Int. J. Environ. Res. Public Health 2021, 18, 4830

technology, more practical and easy-to-access alternatives have emerged in the past years,
with different applications for jumping and sprinting assessment [5,6].

Traditionally, the adaptations to training and responses to exercise have been assumed
as equal for both men and women [7]. However, a growing body of evidence [8,9] points
to cyclical variations in steroids hormones (i.e., estrogen and progesterone) during an ovu-
latory menstrual cycle (MC). Despite the theoretical implications for physical performance,
the available evidence about the influence of hormone variations related to MC on physical
performance is controversial [7,9–11]. Some previous works have found cyclical variations
in muscular performance parameters over an MC, such as handgrip, standing long jump
and consecutive drop jumps [12,13], whereas other studies did not report differences in
variables such as bench press or Smith machine squat, counter movement jump (CMJ),
repeated sprint, or other no-muscular performance test [14–17]. Since an ovulatory MC
implies alterations in the estrogen levels, and given that tendon and ligaments stiffness,
and thereby SSC efficiency, has been shown to be impaired in the presence of high levels
of estrogen [9], the use of single-joint isokinetic measurements, which minimize the SSC
requirements, might overlook the influence of the MC and the hormone alterations.

Lastly, Thompson et al. [18] reviewed the effects of the MC on resistance training,
suggesting that strength stimulus during the follicular phase (FP) will increase performance
on this capacity. However, this study only registered 10 researches of acute responses, and
most of them were focused only on biochemical parameters. Additionally, a recent review
of this topic observed only a few studies that have analyzed performance associated to
SSC requirements, due to most of them including single-joint isokinetic movements to test
muscle strength and performance, or related to aerobic power [19–21]. Taking this into
account, the lack of a consensus in the current scientific literature highlights the need to
conduct further studies that analyze the relationship among the different phases of the MC
and actions with SSC requirements.

Taken altogether, the purpose of this study is to examine the effect of the MC on vertical
jump, sprint performance and F-v profiling in resistance-trained women. We hypothe-
sized changes in vertical jump, sprint performance and some alterations in the F-v profile
according to the phases of the MC with a better performance during the follicular phase.

2. Methods

In order to test our hypothesis, resistance-trained women completed a battery of
loaded and unloaded vertical jump and linear sprint tests on three different days, according
to their MC phases, including the early follicular phase, the late-follicular phase, and the
mid-luteal phase.

2.1. Participants

A group of nine healthy eumenorrheic and trained women (age: 28.7 ± 3.6 years;
height: 1.63 ± 0.05 m; body mass: 61.1 ± 5.6 kg) voluntarily participated in this study. The
inclusion criteria were: (I) not to take any hormonal contraceptive; (II) to have a regular MC
(i.e., 26 to 32 days of duration) for the last six months confirmed by the athletes through
bleeding phase verification using the phone application “Clue”; (III) to train regularly
(i.e., at least three times per week (over 200 min per week) for the last six months); (IV)
to include resistance and endurance training in their training plan for the last six months.
The sample size was selected by convenience and a post hoc analysis of the achieved
power for this sample size was conducted (G*Power software vs. 3.1), given α = 0.05,
(1 − β) = 0.8, effect size = 0.5, statistical test = mean difference between matched pairs. This
analysis revealed a low to moderate power (0.4). After receiving detailed information on
the objectives and procedures of the study, each participant signed an informed consent
form in order to participate, which complied with the ethical standards of the World
Medical Association’s Declaration of Helsinki, Finland (2013). The study was approved by
the Institutional Review Board.
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2.2. Procedures

Participants performed a total of four testing sessions, held between 17:00 and 20:00 h
to avoid the influence of the circadian rhythms during the months of June and July. The day
before a testing protocol, participants were instructed to perform a low-intensity workout.
During the training period, participants were encouraged to maintain their dietary routine.
This procedure is based on a similar previous study [14].

A preliminary session (i.e., session 1) was used to ensure that all participants were
able to perform the vertical jumping and linear sprinting tests with a proper technique,
despite all participants being experienced in loaded and unloaded plyometric jump and
sprint exercises. The following testing sessions (i.e., sessions 2–4) were conducted in three
different phases across the MC: (I) phase 1—bleeding or early follicular phase (i.e., testing
between days 1–3); (II) phase 2—follicular or late-follicular phase (i.e., testing between
days 7–10) and; (III) phase 3—luteal or mid-luteal phase (i.e., testing between days 19–21)
(Figure 1). The selection of these phases were based on previous studies [11,14,19,22] and
it has been suggested that those phases represent the main events during an MC, including
menses, pre-ovulation and post-ovulation, respectively [11,15]. Phases of the MC were
defined based on the first day of menses.
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Figure 1. Visual representation of the timeline of the testing procedure.

Identical testing protocols were performed in sessions 2–4. First, the anthropomet-
ric characteristics of the participants were measured, including standing height, body
mass and measurements needed to determine the push-off distance (leg length and initial
height) [3,23]. Then, after a standardized 10-min warm-up protocol based on dynamic
stretching and preparatory exercises, including jumping and sprinting exercises, the partic-
ipants performed a battery of vertical jumping tests, and an incremental vertical loaded-
jump protocol, and two 30 m linear sprints (see below for further details). Every testing
session was conducted on one specific day, including anthropometric measurements, jump-
ing and sprinting test—in that order. The testing protocols were performed indoors, and
weather conditions were registered for the subsequent analysis. Participants were encour-
aged to achieve maximum performance during each test, and the personal best attempt for
each test was selected for the subsequent analysis.

Anthropometric measurements. A stadiometer (Seca 202, Seca Ltd., Hamburg, Ger-
many), a weighing scale (Seca 803, Seca Ltd., Hamburg, Germany) and a non-stretchable
tape (Seca 201, Seca Ltd., Hamburg, Germany) were used to measure height, body mass
and push-off distance.

Jumping tests. The participants performed a battery of vertical jumping tests includ-
ing two maximal attempts for the squat jump (SJ), countermovement jump (CMJ) and
drop jump from a 30 cm box (DJ30). Jumping tests were performed in that order. The
resting period lasted 15 s between repetitions and 4 min between tests. As described by a
previous study [24], during SJ, participants were instructed to adopt a flexed knee position
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(approximately 90 degrees) for 3 s before jumping, while during the CMJ no restriction
was imposed over the knee angle achieved before jumping. Jumping tests were executed
with arms akimbo. Takeoff and landing were standardized to full knee and ankle extension
on the same spot. During the DJ30, participants were instructed to maximize jump height
and to minimize ground contact time after dropping down [25]. Jump heights (m) were
registered for each test. Additionally, the reactive strength index (RSI) was obtained from
DJ30 (i.e., RSI = flight time [ms]/contact time [ms]).

All these assessments were performed through the My Jump 2 app (v.5.0.5). This
is based on high-speed video analysis (i.e., 240 fps) and it has been shown as valid and
reliable to determine jump height during CMJ, SJ and DJ tests [5], as well as to determine
related parameters such as temporal variables and RSI [26]. The instructions provided
by the developer were followed for collecting data [5]. A researcher, laying prone on the
ground, held the smartphone (iPhone; Apple, Inc., Cupertino, CA, USA) and recorded each
jump from a frontal plane, at approximately 1.5 m.

CMJ F-v profiling. Thereafter, the participants were assessed for the F-v profiling,
performing two maximal CMJs under an unloaded and loaded condition, including at least
three loads from 10 to 45 kg [23]. Loads were increased until the jump height was shorter
than 10 cm [27]. The resting period lasted 15 s between repetitions and 4 min between sets.
The same equipment and protocol previously described (i.e., My Jump 2 app, v.5.0.5) was
used for these measurements.

This method has been shown as valid and reliable for computing mechanical param-
eters, and thereby F-v profiles, from the CMJ [23]. As previously recommended [4], the
variables extracted from the F-v protocol included the theoretical maximal force at null
velocity (F0), the theoretical maximal velocity of lower-limbs extension under zero load
(v0), maximal power output against different loads (Pmax), and the slope of the linear F-v
relationship (Sfv).

30 m sprint test. The participants performed two maximal-effort 30 m linear sprints,
with 5 min rest in between, on a synthetic indoor track. An application for smartphone
(i.e., My Sprint app) was used to record and analyze (i.e., split times: 5, 10, 15, 20, 25 and
30 m) the trials. The system is based on high-speed video analysis (i.e., 240 fps) and it
has been shown as valid and reliable to evaluate linear sprint performance in relation to
two different reference systems such as timing photocells and radar gun [6]. The testing
protocol was based on the procedures described by the developer in a previous paper [6].
The recording was conducted through an iPhone 7, which was mounted to a tripod and
located 10 m perpendicular to the sprint direction, just in front of the 15 m marker.

Sprint F-v profiling. Video analysis provided split times during the linear 30 m sprint
test. Following a simple method proposed by Samozino and colleagues [3], those data
along with anthropometric characteristics and weather conditions let the researchers obtain
power, force and velocity properties as well as mechanical effectiveness during linear sprint
running. This method has been examined and it has been shown as valid to determine
mechanical parameters during linear sprint [3]. As identified by a previous work [4], the
variables of interest from this profile are the theoretical maximal horizontal force (HZT-F0),
maximal running velocity (HZT-v0), associated maximal power output (Pmax), the slope of
the F-v relationship that determined the mechanical profile (Fvslope), the maximum value
of ratio of force (RFmax) and the rate of decrease in the ratio of force with increasing speed
during sprint acceleration as a measure of the index of the effectiveness of ground force
orientation (DRF).

2.3. Statistical Analysis

All data are presented as mean and standard deviation (mean ± SD). The normality
assumption was confirmed by the Shapiro–Wilk test (p > 0.05). One-way repeated measures
analysis of variance (ANOVA) with Bonferroni post-hoc tests were conducted to compare
the outcome variables at three different phases during the MC (i.e., bleeding, follicular
and luteal phases). The F-v relationships were established by means of least squares linear
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regression models [4,28]. The Hedges g effect size (ES) was also calculated to determine the
magnitude of differences, interpreted as follows: trivial (<0.2), small (0.2–0.59), moderate
(0.60–1.19), large (1.20–2.0), and extremely large (>2.0) [29]. Statistical significance was set
at α < 0.05. The SPSS software (version 25.0, SPSS Inc., Chicago, IL, USA) was used.

3. Results

Table 1 shows the vertical jumping and linear sprinting performance of participants
at the three different phases of the MC. The repeated measures ANOVA reported no
significant differences between phases in CMJ, DJ30, RSI nor sprint performance (p ≥
0.05, ES < 0.25). However, differences (p = 0.033, ES = −0.22) were found in SJ, with the
post-hoc test revealing a greater performance during the follicular phase compared to the
bleeding phase.

Table 1. Comparison of the vertical jumping and 30 m sprint performance parameters obtained from three different phases
of the menstrual cycle.

Parameter Phase 1 Phase 2 Phase 3 p-Value
ES

Phase 1 vs.
Phase 2

ES
Phase 1 vs.

Phase 3

ES
Phase 2 vs.

Phase 3

CMJ (cm) 23.46 ± 5.17 24.50 ± 5.60 23.74 ± 5.57 0.322 −0.18 −0.05 0.13
SJ (cm) 21.75 ± 5.36 ˆ 22.98 ± 5.50 ˆ 21.70 ± 4.75 0.033 * −0.22 0.01 0.24

DJ30 (cm) 23.22 ± 5.22 23.80 ± 5.48 23.33 ± 5.93 0.422 −0.10 −0.01 0.08
RSI 1.07 ± 0.28 1.09 ± 0.30 1.10 ± 0.23 0.833 −0.07 −0.11 −0.04

Sprint 5 m (s) 1.65 ± 0.15 1.62 ± 0.15 1.62 ± 0.12 0.562 0.19 0.21 0.01
Sprint 10 m (s) 2.51 ± 0.19 2.48 ± 0.19 2.48 ± 0.16 0.321 0.15 0.16 0.01
Sprint 15 m (s) 3.37 ± 0.27 3.32 ± 0.25 3.32 ± 0.23 0.283 0.18 0.19 0.01
Sprint 20 m (s) 4.19 ± 0.33 4.14 ± 0.32 4.13 ± 0.29 0.233 0.15 0.18 0.03
Sprint 25 m (s) 4.95 ± 0.40 4.88 ± 0.38 4.88 ± 0.34 0.151 0.17 0.18 0.01
Sprint 30 m (s) 5.66 ± 0.46 5.58 ± 0.44 5.57 ± 0.39 0.113 0.17 0.20 0.01

Values as mean (± standard deviation); * denotes significant differences between phases (p < 0.05); ˆ indicates where the between-phase
difference is. ES: g Hedges effect size; phase 1: bleeding phase; phase 2: follicular phase; phase 3: luteal phase; CMJ: countermovement
jump; SJ: squat jump; DJ30: drop jump from a 30 cm box; RSI: reactive strength index (flight time [ms]/contact time [ms]).

The CMJ F-v relationship parameters at the three different phases of the MC are
indicated in the Table 2. No significant differences (p ≥ 0.327, ES < 0.45) were found
between phases in any parameter (i.e., F0, v0, Pmax and Sfv).

Table 2. Comparison of the F-v relationship parameters obtained from three different phases of the menstrual cycle during
an incremental loading protocol for the countermovement jump (CMJ) test.

Parameter Phase 1 Phase 2 Phase 3 p-Value
ES (g)

Phase 1 vs.
Phase 2

ES (g)
Phase 1 vs.

Phase 3

ES (g)
Phase 2 vs.

Phase 3

F0 (N) 26.49 ± 2.97 28.02 ± 5.17 25.87 ± 5.04 0.441 −0.35 0.14 0.40
v0 (m·s−1) 2.98 ± 0.81 2.85 ± 0.59 3.45 ± 1.68 0.327 0.17 −0.34 −0.44
Pmax (W) 20.31 ± 5.74 19.63 ± 3.19 22.13 ± 8.08 0.757 0.14 −0.25 −0.39

Sfv (N·s·m−1) −8.71 ± 2.80 −9.69 ± 4.30 −8.61 ± 5.55 0.774 0.26 −0.02 −0.21

Values as mean (± standard deviation); ES (g): g Hedges effect size; phase 1: bleeding phase; phase 2: follicular phase; phase 3: luteal
phase; F-v: force-velocity; F0: the theoretical maximal force at null velocity; v0: the theoretical maximal velocity of lower-limbs extension
under zero load; Pmax: maximal power output against different loads; Sfv: slope of the linear F-v relationship.

Table 3 shows the mechanical parameters associated to the F-v relationship during
the 30 m linear sprint test in different phases of the MC. No between-phase significant
differences (p ≥ 0.340, ES < −0.36) were found in any parameter.
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Table 3. Power–force–velocity relationship parameters during a 30 m linear sprint test obtained from three different phases
of the menstrual cycle.

Parameter Phase 1 Phase 2 Phase 3 p-Value
ES

Phase 1 vs.
Phase 2

ES
Phase 1 vs.

Phase 3

ES
Phase 2 vs.

Phase 3

HZT-F0 (N·kg−1) 5.72 ± 1.01 5.86 ± 1.20 5.73 ± 0.86 0.710 −0.12 −0.01 0.12
HZT-v0 (m·s−1) 6.96 ± 0.73 7.06 ± 0.64 7.11 ± 0.60 0.340 −0.13 −0.21 −0.08
Pmax (W·kg−1) 10.05 ± 2.71 10.45 ± 3.06 10.26 ± 2.37 0.377 −0.13 −0.08 0.07

Fvslope −0.82 ± 0.15 −0.83 ± 0.13 −0.79 ± 0.08 0.360 0.07 −0.24 −0.35
RFmax (%) 35.33 ± 4.21 36.11 ± 4.40 35.89 ± 3.62 0.386 −0.17 −0.14 0.05
DRF (%) −7.90 ± 1.15 −7.93 ± 1.09 −7.70 ± 0.70 0.613 0.03 −0.20 −0.24

Values as mean (± standard deviation); ES: g Hedges effect size; phase 1: bleeding phase; phase 2: follicular phase; phase 3: luteal phase;
HZT-F0: theoretical maximal horizontal force; HZT-v0: maximal running velocity; Pmax: associated maximal power output; Fvslope: slope of
the F-v relationship that determined the mechanical profile; RFmax: maximal ratio of force; DRF: rate of decrease in the ratio of force with
increasing speed during sprint acceleration.

4. Discussion

This study aimed to examine the effects of three different phases of the MC on vertical
jumping, linear sprinting performance and F-v profiling in resistance-trained women. The
main finding rejects our initial hypothesis, as athletic performance in these explosive tasks
(i.e., jumping and sprinting) and the F-v profiling requiring SSC muscle actions suffer no
significant variation in trained women over the course of their ovarian MC.

Although there are theoretical implications for athletic performance, there is no conclu-
sive evidence about cyclical variations during the MC in sportswomen [7,9,10,14]. Focused
on the influence of the MC on muscular performance and muscle strength, the lack of
consensus is remarkable, with previous studies reporting opposing findings. As mentioned
earlier, some previous works have found variations in muscular performance parameters
over an MC [12,13], whereas other studies did not find differences [14,20,30,31]. The authors
suggest that between-study differences might be attributed to some methodological issues
(e.g., exercise testing, timing of measurements or definition of the MC phases). Related to
this, the last review about this topic matches with this finding, due to the differences among
phases analyzed and level of participants, including non-homogeneous participant groups,
among others. However, our study presents a small but homogeneous sample, similar
to the mean of previous studies, among 10 to 15 trained women [32]. Nonetheless, more
studies should analyze muscular performance with the same methodology to ensure the
existence, or not, of differences among the different phases of MC, including the bleeding,
late-follicular and mid-luteal phases [32].

In this context, it is noteworthy that some previous studies have used maximal vol-
untary contraction or maximal voluntary isometric force through isokinetic measure-
ments [19,20] to examine the influence of the MC on muscular performance. Variations in
steroid hormones affect tendons and ligaments, with a high level of estrogen decreasing
musculotendinous stiffness [9]. Therefore, it is possible that the effect of the MC may
be modulated by the type of muscle action being performed, with those requiring high
levels of musculotendinous stiffness (i.e., SSC muscle actions) more prone to be affected
by the MC. However, the current study provides some insights into the influence of the
MC phases on explosive tasks with high SSC requirements (i.e., jumping and sprinting),
with both athletic performance and mechanical parameters showing no differences over
different phases of the MC. Regarding this, the rise of estrogen during the follicular phase
has been signaled as the main influencing factor to affect the muscular performance [32];
meanwhile, during the luteal phase the CK concentrations increases and decreases the
strength levels [18]. However, its influence on short–high intensity efforts such as jumps,
among others, is not clear. The body composition has also been described as a potential
influencing factor on athletic performance. Traditionally, it has been suggested that the
fat oxidation increases during the follicular phase because of the anabolic effect of estro-
gen, meanwhile fluid retentions can influence the lowest performance during the luteal
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phase. However, a recent study with trained women compared different body composition
variables throughout the three main MC phases and found no significant differences in
these parameters [33]. So, this factor should be cautiously considered as an influencing
parameter to explain plausible differences on athletic performance over the ovarian cycle.

Regarding jumping performance, few studies have analyzed the effect of the MC
phases on this physical fitness outcome, and conflicting results have been reported. Whereas
Davies et al. (1991) reported an improvement in standing long jump test in the bleeding
phase compared to the follicular phase, other previous works did not find differences in
performance over the course of an ovarian MC in the CMJ-comparing only the early follic-
ular phase vs. the mid-luteal phase in soccer players [16], SJ [34] nor in the DJ-comparing
only the follicular phase vs. the ovulation phase in active women [13]. Nevertheless,
the participants of these studies did not report previous experience in resistance training,
which might be relevant for this type of efforts. Of note, any of the aforementioned studies
provided mechanical parameters related to vertical jumping, which might better describe
the differences among different MC phases. Recently, another study performed with a
similar sample (i.e., trained athletes with six months of experience in resistance training)
registered three different variables to determine each MC phase to test force, velocity and
power output in the concentric phase in a Smith machine half squat exercise [15]. This work
neither found differences in performance comparing these three phases (bleeding, follicular
and luteal phases), which concur with our main findings for similar outcomes. Lastly, our
results are also in line with a recent study with high-level team sport players, which did
not show differences among MC phases in CMJ performance in eumenorrheic athletes,
analyzed with serum hormonal levels by blood sample [35]. Therefore, the current study
confirms the lack of MC effect on vertical jumping performance and, as a novelty, provides
information about the dynamic of the F-v relationship parameters over the different phases
of MC.

Concerning the linear sprint performance, previous studies have considered the
effect of the MC in cycling sprints [17,34,36] and linear running sprints [16,30,31], with all
those works reporting no effect of the MC in maximal anaerobic performance. With the
focus on studies testing linear running sprint, some works [30,31] have used a 30-s non-
motorized treadmill sprinting test in different phases of the MC, reporting no differences
in performance (i.e., in terms of mean and peak power output and sprint total time) in
trained women. Likewise, in an experiment performed outdoors (i.e., on field testing) [16],
the authors found no differences in 30 m linear sprint time during the different phases of
MC in female soccer players. Another recent study found differences in 20 m linear sprint
with high-level team sport players [35]. However, as previously indicated, the authors
of these studies only compared the follicular phase with the luteal phase, dismissing
the bleeding phase, one of the most important physiological moments of the MC due to
the lower concentrations of estrogen and progesterone [8,9]. In fact, a recent systematic
review reinforces the need to include this phase in further studies on the relationship
between athletic performance and MC [32]. This study observed that performance could
be reduced during the bleeding phase compared with the rest of the MC phases. Due to the
small number of studies which performed CMJ or sprinting tests including this stage, our
findings provide a novel result which suggests that performance does not increase during
the first days of the MC. That is, the current study provides support about the lack of effect
of MC phases on linear running sprint performance comparing the three main phases, and
it builds up the available information on the MC influence on sprint mechanical parameters
and F-v profile.

Finally, some limitations must be taken into consideration to properly interpret these
findings: first, the verification of the MC phases with no hormone concentration mea-
surements [37]; second, the limited number of participants (n = 9) with low to moderate
statistical power for this sample size; third, the performance level of the subjects; fourth, the
methods for assessing jump performance parameters based on high-speed video analysis
and with no information regarding jump strategy (e.g., time to take-off or CMJ displace-
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ment) [38]. Notwithstanding these limitations, the current study provides some insights
into the effects of MC on jumping, sprinting and F-v profiling in women by using low-cost
and easy-to-access tools and measures.

Practical Applications

The current study confirms the lack of MC effect on vertical jumping performance, but
a small difference was found in SJ, with a greater performance during the follicular phase
compared to the bleeding phase. Likewise, the linear running sprint performance was
not influenced by MC phases, supporting the aforementioned research projects. From a
practical standpoint, given the lack of differences in muscular performance (in terms of F-v
profile) during different MC phases, the hormone variations over the course of an ovarian
cycle do not seem to play a key role for athletic performance in high-intensity muscle
activities such as jumping or sprinting for non-competitive eumenorrheic trained women.

Considering the lack of consensus, the authors claim the convenience of further studies
to highlight, on the one hand, if the training response (i.e., internal load to an external
load) might change over the course of an ovarian MC and, on the other hand, if training
programmes based on MC phases are more efficient and safer for eumenorrheic women
than traditional plans based on training outcomes.

5. Conclusions

Vertical jumping, linear sprinting performance and the F-v profiling requiring stretch-
shortening cycle muscle actions suffer no significant variation in eumenorrheic sportswomen
over the course of an ovarian MC.
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Abstract: This study aimed to explore the main determinants of repeated-sprint ability (RSA) in
women soccer players considering aerobic capacity, sprinting performance, change-of-direction,
vertical height jump, and hip adductor/abductor isometric strength. Twenty-two women soccer
players from the same team participating in the first Portuguese league were observed. Fitness
assessments were performed three times during a 22-week cohort period. The following assessments
were made: (i) hip abductor and adductor strength, (ii) squat and countermovement jump (height),
(iii) change-of-direction test, (iv) linear sprinting at 10- and 30-m, (v) RSA test, and (vi) Yo-Yo
intermittent recovery test level 1. Positive moderate correlations were found between peak minimum
RSA and adductor and abductor strength (r = 0.51, p < 0.02 and r = 0.54, p < 0.01, respectively). Positive
moderate correlations were also found between peak maximum RSA and adductor and abductor
strength (r = 0.55, p < 0.02 and r = 0.46, p < 0.01, respectively). Lastly, a moderate negative correlation
was found between fatigue index in RSA and YYIR1 test performance (r = −0.62, p < 0.004). In
conclusion, abductor and adductor isometric strength-based coadjutant training programs, together
with a high degree of aerobic endurance, may be suitable for inducing RSA in female soccer players.

Keywords: football; athletic performance; anaerobic; aerobic; sports training

1. Introduction

Soccer is a team sport practiced by many athletes throughout the world, with an
estimated 4–26 million female participants [1–4] and approximately 238 million male
participants [5]. The number of female soccer players has increased in the last years
in approximately 50% considering the last report of FIFA [3,6]. Due to the challenges
associated with this rapid increase in the number of participants, it is important to better
understand the characteristics of these players, their physiological/physical demands, and
their training processes [1,2,7].

As an intermittent exercise, a women’s soccer match involves activities with different
intensities, such as walking, jogging, moderate running, high-intensity running, and
sprinting [8–10]. It is well-known that low-intensity movements are predominant during
women’s matches [9,11,12], although high-intensity activities are also considered important
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components of physical performance, and they are often crucial to the outcomes of matches
because they are associated with offensive attacks [12,13]. Usually, women soccer players
cover between 8.5 and 11 km in a match, of which 1.5–1.8 km are spent performing high-
speed running and from 14.9 to 460 m are spent sprinting [4,9,10,14,15].

To support the demands of the match, a proper fitness status should be sustained.
As an example, in previous research on women soccer players, a strong correlation was
observed between Yo-Yo intermittent recovery test performance and the amount of high-
intensity running performed in games [9,16]. Additionally, a strong correlation between
sprinting skills and high-intensity performance was found in a previous study [2]. In
fact, many decisive phases during a soccer match require players to exercise at a high
intensity [17]. Therefore, the ability of a soccer player to recover and to reproduce their
performance in subsequent sprints is a vital fitness condition [10]. In the particular case of
elite level, the intermittent high-intensity endurance and the ability to repeatedly sprint in
short time intervals (RSA) are considered relevant fitness conditions for competitive soccer
players [18–22].

As a multifactorial factor, the RSA can be influenced by anaerobic and aerobic
metabolism [18,23–25]. From a physiological perspective, RSA is a complex quality that is
correlated with motor unit activation and is essential to achieving maximal sprint speed
and oxidate capacity for phosphocreatine (PCr) recovery and hydrogen (H+) buffering
to provide the ability to repeated sprints [26]. Following the same line of thinking, other
authors have shown that better sprinters use more of their accessible PCr stores than
weaker sprinters [27]. This idea could be related to the strong relationship between PCr
resynthesis and power output recovery following 30-s sprints [27,28].

The RSA test simulates intermittent exercise and identifies a player’s capacity to
maintain maximal effort and recovery during multiple successive high-speed running or
sprinting efforts [20,29–31]. Therefore, RSA is an essential factor for determining success in
soccer, alongside other qualities like technical and tactical skills, strength, explosive power,
speed, and endurance [26,32]. When RSA is compared with aerobic capacities, it was
concluded that players with a higher aerobic capacity and faster oxygen kinetics recover
faster after high-intensity exercise [29]. These athletes also exhibited better overall RSA
performance and recovery performance during the RSA test [29]. Another study showed
that subjects with a higher maximal oxygen consumption (VO2max) value present smaller
sprint decrements, suggesting that VO2max contributes to maintaining performance during
repeated-sprint efforts [27].

Beside the metabolic perspective that supports RSA, physical capacities also play a
determinant role in RSA. As example, a well-developed neuromuscular system allows
a better activation of motor unit [26], while lower-limb strength and power support the
acceleration and the maximal speed in the first repetitions and aerobic capacity sustain
the performance over the last sprints [33]. The efficiency of RSA could also depend on the
player’s agility, as this factor is known to be correlated with linear sprint ability [34–36].

The ability to perform repeated sprints while requiring minimal recovery periods
between efforts (RSA) appears to be an important aspect of field-based team sport [37].
However, it is difficult to understand which determinants are related to RSA. Thus, some
doubts and non-consensual evidence remain in this regard in women’s soccer. For that
reason, it is important to identify which physical capacities could explain RSA in women’s
soccer. Such identification may help coaches define better strategies for improving RSA.
Therefore, the purpose of this study was to analyze the determinants of RSA based on
aerobic performance, linear sprinting and change-of-direction, vertical height jump, and
abductor and adductor isometric strength. We hypothesize that strength and power will be
determinants for maximum and minimum peak power RSA, while aerobic performance
will be determinant for sustaining the performance (fatigue index) [33].
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2. Materials and Methods
2.1. Experimental Approach to the Study

This study followed an observational analytic cohort design. The period of observation
was 22 consectutive weeks. Fitness assessment were performed three times during the co-
hort (Figure 1). Between the first and second assessment occurred 4 weeks (pre-season) and
between the second and third assessment 18 weeks (end of the first half of the season). The
aim was to explore determinants of RSA based on the measures of aerobic capacity, sprint-
ing performance, change-of-direction, vertical height jump and hip adductor/abductor
isometric strength. From the initial twenty-five participants, twenty-two remained. Three
were excluded based on the fact that did not participated in all the assessments.

Figure 1. Timeline of the study.

2.2. Participants

Twenty-two women soccer players from the same team participating in the first
Portuguese league were observed during the study. In the beginning of the season, the
participants presented a mean age of 22.7 ± 5.21 years old, 162.51 ± 7.08 cm of height,
59.1 ± 9.50 kg of body mass. In the second assessment the mean of body mass was
59.01 ± 9.31 kg and in the third evaluation the mean body mass was 61.10 ± 9.94 kg.
The eligibility criteria for including in the final sample was: (i) participants were assessed
in the three moments of the cohort; (ii) participants participated in, at least, 85% of the
total number of training sessions during the cohort; (iii) players had injuries or illness no
longer than 4 consecutive weeks; and (iv) players should had a minimum of two years
of experience to volunteered for this study. Among the included participants, three were
goalkeepers, four were external defenders, four were central defenders, six were midfield-
ers, and five were attackers. The team had three training sessions per week plus an official
match in the weekends. Before the cohort begin, all the players were informed about the
study design and procedures. After that, each player signed an informed consent. The
study was approved by the local university (code: CTC-ESDL-CE001-2021) and followed
the ethical standards of Declaration of Helsinki for the study in humans.

2.3. Data Collection

In the three moments of assessment, the tests were made always at the same hour
(7:30 p.m.) and days of the week, with a rest period of 48 h (considering the last match/training).
Additionally, the assessments two and three were preceded by the same type of microcycle.
In each moment of the assessment, the tests were split over three days (interspaced by 24 h).
In the first training session of the week players were tested for their anthropometry and hip
adductor and abductor strength. In the second training session it was assessed the vertical
jump, changes of direction and linear speed. In the third session it were applied the repeated
sprint ability test and the Yo-Yo intermittent recovery test. Before the first assessment of each
day, a standard warm-up protocol was implemented, by group of players, since they were
organized in groups of three to have the same duration between the end of warm-up and
beginning of the test. All the players followed the same order. Between tests, there was a
minimum of 3 min of rest. The anthropometry, abductor and adductor strength and squat
and countermovement jump were performed in a private room, with a stable temperature of
23 ◦C and relative humidity of 55%. The sprinting tests, RSA test and the Yo-Yo intermittent
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recovery test were executed in a synthetic turf with a mean temperature of 19.5 ± 3.4 ◦C and
relative humidity of 63 ± 4%. No raining conditions occurred in the assessments.

2.3.1. Anthropometry

There was collected the height and body mass in the three moments of evaluation, at
the same hour and at the same day of the week. The evaluation of the height was executed
by using the stadiometer (SECA 213, Birmingham, UK), players were asked to remove
shoes and other accessories that influence the assessment, they also should be in a vertical
and immobile position, with the arms extended along the body and keep a fixed stare,
straight ahead and in an upright position. The evaluation of the body mass was executed
with a digital balance (SECA 869, Birmingham, UK), it was asked to the players to be
barefoot and only in light clothing. For each measure, only one measured was collected.

2.3.2. Hip Adductor and Abductor Isometric Strength

Hip adductor and abductor isometric strength measurement was tested with the
dynamometer (Smart Groin Trainer, Neuro excellence, Braga, Portugal). The dynamometer
was positioned in the thigh area. Players were asked to lie down in the supine position,
with 45◦ of hip flexion and around 90◦ of knee flexion [38]. Players were instructed to
execute the maximum squeeze in accordance with a previous study [38], although with
changes to 20 s for the present protocol. Three trials were made for abductor and adductor,
with 10 s of rest between trials. Abductor were tested first (all the trials) and then adductor
(all the trials). The highest strength in kilograms were extracted as the main outcome. The
best score among trials was obtained for the data treatment.

2.3.3. Squat and Countermovement Jump

The squat and countermovement jumps were performed. The squat jump (SJ) con-
sisted in standing with the knees at 90 degrees, as the position of squat, with no movement,
hand in the waist, with no help of the upper limbs the player should jump and extend the
legs, falling in the same place. The players waited 3 s in squat position before each jump.
The countermovement jump (CMJ) started in standing position with the hands in the waist,
being realized with the flexion of the legs and immediately the extension with the jump,
the legs will be in extension and they will fall in the same place. For each movement, three
trials were executed, with a rest period of 30 s between. The SJ and CMJ were tested with
an optical measurement system consisting of a transmitting and receiving bar (Optojump,
Microgate, Bolzano, Italy). The Optojump allows a repeatable measurement of flight time
as confirmed in a reliability experiment with an intraclass correlation test of 0.95 [39]. The
outcome extracted in each trial was the jump height (cm). For each movement, it was
considered the highest jump for data treatment.

2.3.4. Change-of-Direction Test

Agility was assess by using the test zig-zag 20 m [40], this test consisted in four sections
of 5 m each set out at 100◦. The time was recorded using photocells timing gates (Photocells,
Brower Timing System, UT, USA), with resolution of 1 thousandth of seconds. Typical error
of the Photocells was between 0.04 and 0.06 (s), while the smallest worthwhile change was
between 0.11 and 0.17 (s) [41]. This test was performed in the fields, before the training
session. Subjects performed three trials of the test, with 3 min of rest between all trials
and tests. The outcome extracted was the best time (lowest time in seconds) considering
the trials.

2.3.5. Linear Sprinting

Linear Sprint was assessed over 10-m and 30-m using photocell timing gates (Pho-
tocells, Brower Timing System, USA), with resolution of 1 thousandth of seconds. The
participants started 0.5 m behind the initial timing gate in a two point split stance and were
instructed to set off in their own time and run at the maximal speed until the last gate. Each
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participant performed three trials at maximal effort. The outcome extracted was the time
(seconds) for completing the run. The best score in each running distance was considered
for the data treatment.

2.3.6. Running Anaerobic Sprint test

The protocol used for testing the RSA consisted in 35 linear meters (no change-of-
direction), performed six times and with a recovery time between efforts of 10 s [42]. The
participants started their sprint 0.5 m behind the starting timing gate. Photocell timing gate
(Photocells, Brower Timing System, UT, USA), with resolution of 1 thousandth of seconds
were positioned in the beginning and at the end lines to record the time of each sprint effort.
The time (seconds) for each trial was collected. After that, the minimum and maximum

peak power was determined by using the equation [43] Power = Body mass×Distance2

Time3 , as well

as the fatigue index used the following equation [43] Fatigue index =
maxpower−minpower
Sum of 6 sprints (s) .

2.3.7. Yo-Yo Intermittent Recovery Test—Level 1

The Yo-Yo IR1 test consisted of repeated 20-m runs back and forth between two
markers with a progressive increase in speed, which was regulated by an audio player.
Between each 40-m run, the athlete recovered with 10 s of jogging (shuttle runs of 2 × 5 m).
Yo-yo level 1 starts at 10 km/h and level 2 at 13 km/h, with both levels progressively
increasing in speed throughout the test. The test was completed when the athlete reached
voluntary exhaustion or failed to maintain her running pace in synchrony with the audio
recording. The number of completed levels and shuttles and the total distance covered
were recorded at the end of the test. The total distance (meters) was extracted as the
outcome. The maximal oxygen Uptake (VO2max in mL/min/kg) was estimated by the
next equation [44]: VO2max = final distance (m)× 0.0084 + 36.4.

2.4. Statistical Analysis

For the treatment of the data, we use adequate statistical methods to calculate per-
centages and central and dispersion parameters (arithmetic mean and standard deviation).
Descriptive statistics were calculated for each variable (See Table 1, for more information).
In ADD and ABD two subjects missed the data collection, and they were excluded from
the item analysis. Similarly occurred with one participant in YYIRT. Before any paramet-
ric statistical analysis was performed, the assumption of normality was tested with the
Kolmogorov–Smirnov test on each variable. The changes over the season were determined
by a one-way ANOVA with repeated measures. Significant main effects were subsequently
analyzed using a Bonferroni post hoc test. Effect size is indicated with partial eta squared
for Fs. To interpret the magnitude of the eta squared we adopted the following criteria:
η2 = 0.02, small; η2 = 0.06, medium; and η2 = 0.14 large. Pearson correlation coefficient r
was used to examine the relationship between RSA (Pmax, Pmin, and Fatigue index) and
the remaining variables (ADDs, ABDs, SJ, CMJ, 10 and 30 m sprint, COD and YYIRT1). To
interpret the magnitude of these correlations we adopted the following criteria: r ≤ 0.1,
trivial; 0.1 < r ≤ 0.3, small; 0.3 < r ≤ 0.5, moderate; 0.5 < r ≤ 0.7, large; 0.7 < r ≤ 0.9,
very large; and r > 0.9, almost perfect [45]. Confidence intervals (95% CI) were calculated
for each correlation. Multiple regression analysis was used to model the prediction of
RSA from remaining variables. In this regression analysis, were examined separately all
variables. Data were analyzed using software Statistica (version 10.0; Statsoft, Inc., Tulsa,
OK, USA).
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Table 1. Anthropometrical and fitness variables in the three moments of assessment (Mean ± SD).

Women Soccer Players
(n = 22)

Moment 1 Moment 2 Moment 3 CI (95%) Upper CI
(95%)

Lower
CI (95%)

Repeated Measures
ANOVA (p)

Hip strength

ADDs (kg) 34.66 ± 7.81 35.06 ± 8.12 3.39 37.93 31.15 p = 0.97, η2 = 0.001.
ABDs (kg) 33.48 ± 5.87 34.19 ± 6.23 2.72 36.14 30.69 p = 0.98, η2 = 0.001.

Squat and countermovement jump

SJ (cm) 25.33 ± 2.98 26.24 ± 3.09 24.39 ± 3.95 1.38 26.62 23.84 p = 0.003 *, η2 = 0.35.
CMJ (cm) 27.26 ± 2.98 27.40 ± 3.51 24.65 ± 3.93 1.39 27.70 24.90 p = 0.001 *, η2 = 0.60.

Linear sprinting

10 m (s) 1.87 ± 0.08 1.90 ± 0.10 1.88 ± 0.10 0.05 1.94 1.85 p = 0.26, η2 = 0.09.
30 m (s) 4.79 ± 0.23 4.78 ± 0.22 4.75 ± 0.23 0.11 4.90 4.68 p = 0.07, η2 = 0.16.

Change-of-direction test

COD (s) 5.73 ± 0.19 5.75 ± 0.18 5.79 ± 0.23 0.09 5.86 5.67 p = 0.32, η2 = 0.08.

Repeated sprint ability test (RSA test)

Pmin (s) 240.44 ± 46.87 267.15 ± 46.29 293.09 ± 36.49 18.29 281.51 244.93 p = 0.001 *, η2 = 0.48.
Pmax (s) 380.81 ± 68.38 401.77 ± 74.47 444.38 ± 72.96 31.40 441.72 378.92 p = 0.001 *, η2 = 0.40.
FI (%) 4.61 ± 1.85 4.42 ± 1.66 4.96 ± 1.87 0.70 5.53 4.11 p = 0.38, η2 = 0.07.

Yo-Yo intermittent recovery test- Level 1

YYIR1. Distance (m) 677.78 ± 203.72 788.00 ± 219.89 863.33 ± 218.73 89.40 833.84 655.04 p = 0.001 *, η2 = 0.53.
VO2max
(mL/kg/min) 41.74 ± 5.33 43.02 ± 1.85 43.82 ± 1.82 0.82 43.40 41.75 p = 0.001 *, η2 = 0.55.

ADD: adductor isometric strength; ABD: abductor isometric strength; SJ: squat jump; CMJ: countermovement jump; 10 m: 10-m sprint;
30 m: 30-m sprint; COD: change-of-direction; YYIRT1: Yo-Yo intermittent recovery test level 1; Pmin: peak power (minimum); Pmax: peak
power (maximum); FI: fatigue index; cm: centimeters; s: seconds. * denotes significance at p < 0.01.

3. Results

Descriptive statistics were calculated for each variable (See Table 1, for more information).
Different repeated measures ANOVAs with participants’ mean ADDs, ABDs, 10 m, 30 m,

COD and FI, did not revealed any effect of moment F (1.16) = 0.00080, p = 0.97, η2 = 0.001,
F (1.16) = 0.00063, p = 0.98, η2 = 0.001, F (2.28) = 1.39, p = 0.26, η2 = 0.09, F (2.28) = 2.81, p = 0.07,
η2 = 0.16, F (2.26) = 1.18, p = 0.32, η2 = 0.08, and F (2.26) = 0.99, p = 0.38, η2 = 0.07, respectively.
Continuing with the same type of repeated measures ANOVA analysis with participant´s
mean SJ, CMJ, Pmin, Pmax, YYIR1 and VO2max revealed a significant effect of moment,
F (2.26) = 7.03, p = 0.003, η2 = 0.35, F (2.26) = 20.20, p = 0.001, η2 = 0.60, F (2.26) = 12.41,
p = 0.001, η2 = 0.48, F (2.26) = 8.84, p = 0.001, η2 = 0.40, F (2.18) = 10.26, p = 0.001, η2 = 0.53,
and F (2.16) = 9.84, p = 0.001, η2 = 0.55.

The correlation coefficients between RSA indices (Pmax, Pmin, and Fatigue index) and
fitness variables are summarized in Table 2. No significant correlations were found between
all RSA indices and SJ, CMJ, 10m, 30m and COD. However, positive moderate correlations
were found between Pmin and ADDs and ABDs [r = 0.51, p < 0.02 and r = 0.54, p < 0.01,
respectively (See Figure 2]. In the same line, positive moderate correlations were found
between Pmax and ADDs and ABDs (r = 0.55, p < 0.02 and r = 0.46, p < 0.01, respectively
(see Figure 3)). Last, other interest and negative moderate correlation was found between
FI and YYIR1 test [r = −0.62, p < 0.004 (Figure 4)].

The regression analysis to predict RSA from physical fitness variables was in agree-
ment with the correlation analysis (See Table 3). On the one hand, ADDs and ABDs were
predictor variables of Pmin (r = 0.53 and r = 0.55, respectively). On the other hand, ABDs
was predictor variable of Pmax (r = 0.48). Finally, YYIR1 test was a predictor variable of IF
(r = −0.53).
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Table 2. Pearson correlation coefficient between RSA indices and fitness variables (n = 22).

RSA
Indices

ADDs
(kg)

ABDs
(kg)

SJ
(cm)

CMJ
(cm)

10m
(s)

30m
(s)

COD
(s)

YYIR1
(m)

Pmin (s) r = 0.51
p = 0.02 **

r = 0.54
p = 0.01 **

r = 0.13
p = 0.58

r = 0.04
p = 0.84

R = 0.10
p = 0.67

r = 0.09
p = 0.70

r = −0.00
p = 0.99

r = −0.08
p = 0.72

Pmax (s) r = 0.55
p = 0.01 **

r = 0.46
p = 0.04 *

r = 0.19
p = 0.41

r = 0.05
p = 0.81

r = −0.10
p = 0.65

r = −0.24
p = 0.30

r = −0.12
p = 0.61

r = −0.38
p = 0.10

FI (%) r = 0.33
p = 0.16

r = 0.18
p = 0.45

r = 0.16
p = 0.50

r = 0.03
p = 0.87

r = −0.24
p = 0.30

r = −0.43
p = 0.06

r = −0.17
p = 0.47

r = −0.62
p = 0.04 *

ADD: adductor isometric strength; ABD: abductor isometric strength; SJ: squat jump; CMJ: countermovement jump; 10 m: 10-m sprint;
30 m: 30-m sprint; COD: change-of-direction; YYIRT1: Yo-Yo intermittent recovery test level 1; Pmin: peak power (minimum); Pmax: peak
power (maximum); FI: fatigue index; cm: centimeters; s: seconds. * Denotes significance at p < 0.05, and ** denotes significance at p < 0.01.

Figure 2. Relationship between hip adductor and abductor isometric strength (ADDs and ABDs) and Pmin of RSA test.

Figure 3. Relationship between hip adductor and abductor isometric strength (ADDs and ABDs) and Pmax of RSA test.
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Figure 4. Relationship between Yo-Yo IR1 test and fatigue index (FI) of repeated-sprint ability test.

Table 3. Values of regression analysis explaining, Pmax, Pmin and Fatigue index based on the
remaining variables.

RSA Indices R R2 Adjusted R2 F P SE

Pmin (s) ADDS 0.53 0.27 0.23 6.86 0.01 34.25
ABDs 0.55 0.30 0.26 8.01 0.01 33.49

Pmax (s) ADDs 0.48 0.23 0.19 5.52 0.03 57.60

FI (%) YYIR1 −0.53 0.28 0.24 7.39 0.01 1.35
Pmin: peak power (minimum); Pmax: peak power (maximum); FI: fatigue index; s: seconds.

4. Discussion

The present study aimed to analyze the determinants of RSA based on aerobic per-
formance, linear sprinting and change-of-direction, vertical height jump, and abductor
and adductor isometric strength. The main findings were as follows: (i) power in repeated
sprints can be improved and predicted through exercises of ABD´s and ADD´s strength,
and (ii) RSA can be improved and forecasted through aerobic endurance-based exercises
such as the YYIR1 test. Additionally, it was found that RSA, and cardiorespiratory fitness
had meaningfully improved over the season, while vertical jump had decreased.

The assessments performed repeatedly over the season revealed a meaningful im-
provement in RSA and aerobic performance. On the other hand, vertical jump decreased
over the season, possibly due to the lack of reactive strength training or oriented training
for this physical quality. Usually, both RSA and aerobic performance are key determinants
of physical performance in soccer and match running-performance is associated with those
capacities [16,46,47], thus it can be expected that over the season the training and match
load may explain positive changes in RSA and aerobic performance [48,49].

High-intensity efforts, such as sprints, are essential components explaining soccer
players´ behavior [50]. However, in addition to sprints in isolation, players perform re-
peated high-intensity efforts in short intervals, drawing from their aerobic endurance to do
so [10]. In this sense, RSA seems to be a suitable method for inducing optimal improve-
ments in anaerobic and aerobic metabolism [18,23–25], thus giving a team an advantage
over the opponent during moments in matches characterized by high-speed efforts.

It seems that RSA can be improved through any soccer-specific training program [51],
supporting the improvements found in this study over four- and 18-week female soccer
training programs. However, the main determinants of RSA test performance among
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female soccer players are still unclear. Therefore, the authors of the present study tried
to analyze the most relevant variables of RSA by comparing indicators from the RSA
test (power and fatigue index) with aerobic endurance (YYIR1 test), linear sprinting with
COD, vertical height jump (SJ and CMJ test), and ABDs and ADD strength. The primary
moderate correlations were established between power and ABD/ADD isometric strength
(Pmin and ADD [r = 0.51], Pmin and ABDs [r = 0.54], Pmax and ADDs [r = 0.55], and Pmax
and ABDs [r = 0.46]) and between fatigue and YYIR1 test outcomes [r = −0.62]. No other
correlations were found between RSA parameters and other tests.

The relationship between power and ABD/ADD isometric strength may be due to
the implication of these muscle groups in sprinting efforts [52]. From an anatomy-based
or biomechanic viewpoint, ADD assists hip flexion and neutralizes the abduction and
external rotation caused by tensor fascia latae and Sartorius. In addition, during the mid-
to-late swing, when the hip is flexed, adductors work as synergists of the gluteus maximus,
helping with hip extension and counterbalancing external rotation [52]. On the other hand,
the ABDs stabilize the femoral head during high-speed running efforts. They lengthen
eccentrically while helping to stabilize the pelvis and control femoral adduction in the
transverse plane [53].

Researchers have tried to analyze the implications of hypertrophy of these muscles
during sprints. For example, Nuell et al. [52] and Tottori [54] highlighted the implications
of and the close relationship between ADD and sprint performance, while Fredericson and
Weir [53] highlighted the implications of ABD in gait and sprints. Interestingly, it seems that
the implication of ADD correlates with sprinting time [52] and with sprinting distance [54].
These findings encourage physical fitness and conditioning coaches to design coadjutant
training programs based on ADD and ABD isometric strength to improve female soccer
players’ sprint performance. However, no relationship was found between RSA parameters
and exercises with significant quadriceps implications (i.e., SJ, CMJ, and COD).

This idea seems consistent among experts in this topic [55,56], who have concluded
that the quadriceps are not related to sprint performance. Instead of the quadriceps, it may
be anatomically due to the anterior and middle parts of the gluteus medius, which have a
stronger vertical pull and help initiate abduction, which is then completed by the tensor
fascia lata [53].

Nevertheless, in addition to strength exercises, aerobic endurance remains crucial
during female soccer matches. In the present study, the authors found correlations be-
tween fatigue and YYIR1 test results (p < 0.004; Figure 4). This finding is supported by
Gabrys et al. [57], who concluded that the anaerobic glycolytic system is more sensitive to
long, repetitive sprints, highlighting that RSA is a suitable strategy for avoiding insufficient
aerobic energy systems, which lead to early decreases in performance [57]. All of these
results indicate the value of forecasting Pmax from ADD and ABD isometric strength
values (r = 0.53 and r = 0.55, respectively), Pmax from ABD values (r = 0.48), and fatigue
from YYIR1 (r = −0.53).

This study had some limitations. The force platforms were not used to calculate the
rate of force development during vertical jumps, and this could be interesting. Additionally,
an isometric mid-thigh pull test would be interesting to associated with RSA. Future studies
should consider analyzing the influence of each physical capacity in different number of
sprints, and also consider analyzing COD deficit and asymmetries trying to understand
if this can be related with RSA ability. Other limitation is associated with small sample
and the specificity of being conducted in women, thus not being possible to generalize for
other populations. More research should be conducted to test the replication of results in
different scenarios (other competitive contexts, age-groups and populations).

As practical applications, the coadjutant training program—mainly based on these
determinants (ABD and ADD isometric strength exercises and YYIR1)—may induce im-
provements in female soccer players’ RSA and better outcomes during critical moments of
matches. Although it was declared that straight sprinting is the most frequent action taken
before goals, both for scoring and assisting players [51], the current trend highlights that
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sprints during soccer games are curvilinear [58–60]. As such, they may lead to different
demands than straight sprints [57]. Therefore, further studies should assess the main
determinants of curvilinear sprinting performance during RSA tests.

5. Conclusions

Power and fatigue are notable RSA-related parameters. Power during RSA is mainly
determined by ABD and ADD isometric strength, while fatigue is related to YYIR1. There-
fore, physical fitness and conditioning coaches are encouraged to improve ABD and ADD
isometric strength alongside aerobic endurance. Doing so may lead to improvements
in RSA, subsequently giving the player an advantage over the opponent during critical
game situations. However, since it seems that most sprint efforts are made in a curvilinear
trajectory, future studies should replicate the present study, focusing on these efforts.
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Abstract: The purpose of this study was to examine the training habits of eumenorrheic active women
during their menstrual cycle (MC), and its perceived influence on physical performance regarding
their athletic level. A group of 1250 sportswomen filled in a questionnaire referring to demographic
information, athletic performance and MC-related training habits. Of the participants, 81% reported
having a stable duration of MC, with most of them (57%) lasting 26–30 days. Concerning MC-related
training habits, 79% indicated that their MC affects athletic performance, although 71% did not
consider their MC in their training program, with no differences or modifications in training volume
or in training intensity for low-level athletes (LLA) and high-level athletes (HLA) with hormonal
contraceptive (HC) use. However, LLA with a normal MC adapted their training habits more,
compared with HLA, also stopping their training (47.1% vs. 16.1%, respectively). Thus, different
training strategies should be designed for HLA and LLA with a normal MC, but this is not so
necessary for HLA and LLA who use HC. To sum up, training adaptations should be individually
designed according to the training level and use or non-use of HC, always taking into account the
pain suffered during the menstrual phase in most of the athletes.

Keywords: gender; training load; health surveys; sport participation

1. Introduction

The presence and popularity of physical activity and sport for women has consid-
erably increased in the last few decades, and therefore, the need to improve knowledge
about their physiology and adaptations to exercise has become crucial. Traditionally, the
physiological responses to exercise were assumed to be equal between the sexes [1], and so
the recommendations about sport practice and prescription for women have been general-
ized for decades without even testing whether these guidelines were correct. A potential
rationale for this underrepresentation is the complexities and methodological difficulties
related to the menstrual cycle (MC) [1]. Based on that argument, sports sciences have been
focused on men, or have included women without considering the MC’s influence [2].

A typical MC lasts around 28 days and consists of a follicular phase (i.e., characterized
by 12–14 days’ duration, high levels of estrogen and low progesterone), ovulation phase
(i.e., 1–3 days’ duration and preceded by a second increase in estrogen), and a luteal
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phase (i.e., 12–14 days’ duration, with high levels of progesterone and medium levels of
estrogen) [3]. Plentiful information has been made available about the role of estrogen and
progesterone in the female physiology during the last few decades. Regarding estrogen,
it has been demonstrated that it increases the muscle glycogen storage capacity as well
as increasing free fatty acid availability, and it is used as a fuel source through the use of
oxidative pathways [4]. From a physiological standpoint, this is very important because it
leads to decreased carbohydrate use, or glycogen sparing [5], and it therefore decreases
the dependence on anaerobic pathways for Adenosine triphosphate (ATP) production. In
practical terms, high estrogen levels are associated with lower blood lactate levels and
longer times to exhaustion [5]. Progesterone is known to have a sympathetic effect (e.g.,
it increases resting heart rate [6], basal body temperature and ventilation) [7]. This effect
plays a key role during exercise because it seems to increase the perceived exertion and
decrease athletic performance, especially in hot and/or humid environments [8]. Beyond
these physiological effects, what is crucial to understand about progesterone is its ability
to antagonize estrogenic effects [1,9]. In this regard, a previous study showed that high
progesterone levels can inhibit the enhancement of the carbohydrate metabolism promoted
by estradiol, which is a primary estrogen [10].

Taking into consideration the above information, it seems clear that both hormones
have different target organs and create diverse biochemical and physiological environments,
which have been suggested to be determinant in exercise capacity and thus adaptations to
training [8,11,12]. Nevertheless, there is no consensus about the influence of hormone vari-
ations induced by the MC’s phases on physical performance, with other works reporting
no effect [13,14].

Once the physiological findings are revealed, the next question is to learn the influence
of these changes in athletes. For this, the use of questionnaires to analyze vast populations
is a common strategy in sports science. In this regard, some previous studies have used
self-reported questionnaires to examine topics related to the MC [15,16]. Martin et al. [16]
aimed to determine the prevalence of hormonal contraceptive (HC) use and the side effects
experienced by users and non-users in elite female athletes, whereas Bruinvels et al. [15]
focused on heavy menstrual bleeding (HMB) and its perceived effects on training and
performance. However, to the best of the authors’ knowledge, no previous studies have
examined the influence of their MC and their phases on training habits in eumenorrheic
active women.

Since female athletes keep training and competing whilst having to manage hormone
alterations and their effects, a description of what female athletes are doing and how they
manage the potential effects of the MC might be of interest for coaches, athletes and sports
scientists. Although research based on a questionnaire can show some limitations, this is the
best option to make a survey with a large sample size, with information directly collected by
sportswomen regarding their own MC and its influence on their training habits. For these
reasons, the purpose of this study is to examine the training habits of eumenorrheic active
women during their MC and its perceived influence on physical performance. The current
study also aims to investigate the differences in MC-related training habits regarding the
athletic level and the use or non-use of hormonal contraceptives (HC).

2. Materials and Methods
2.1. Subjects

One thousand, two hundred and fifty eumenorrheic active women voluntarily partici-
pated in this study (age range: 18-45 years; age mean: 27.8 ± 6.6 years). All participants
met the inclusion criteria: (1) older than 18 and younger than 45 years old, and (2) with
three or more training sessions per week [17]. This study meets the ethical standards of the
World Medical Association’s Declaration of Helsinki (2013), and it was approved by the
Institutional Review Board (Universidad de La Frontera, Temucho, Chile, 005_19).
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2.2. Procedure

A cross-sectional study with a descriptive purpose was performed. An ad-hoc ques-
tionnaire was designed for a massive mailshot to physically active women through an on-
line Google Form (https://drive.google.com/open?id=1Pw5AecF3Wqhn-1dn13IhqZxZW2
QjiyxTtkmsz55Bs28) (accessed on 15 September 2019). This research project was conducted
according to the European General Data Protection Regulation (2018).

After receiving ethical approval from the Institutional Review Board, pilot tests were
conducted with a small sample of participants (n = 40) to evaluate the clarity and content
of the online Google Forms. All participants involved in the pilot test indicated that the
questionnaire was appropriate and suitable. Subsequently, sports centers, sports clubs,
federations and sports institutes in Spain were contacted through their administrators
and asked to publicize the study to their athletes and clients as long as those sports
organizations were in line with the current data protection regulations, implying that
athletes were informed about the potential use of their personal data for research purposes
when they provided such information. Then, athletes who were willing to participate in
the study were given a link to the online questionnaire.

According to online informed consent procedures, participants were told of the pur-
pose and details of the study through a participant information sheet. Participants were
informed that all responses would be kept strictly confidential and would only be used
for the purposes of the study. Having consented to participation in the study, participants
filled in seventeen items split into four sections: (i) demographic information (i.e., age), (ii)
information about athletic performance in the last 6 months (i.e., to have a coach, to be
federated, sport modality and athletic level), (iii) information about their training habits
in the last 6 months (i.e., hours and sessions per week), and (iv) information about their
MC and MC-related training habits (i.e., age at menarche, duration and regularity of their
MC, use of HC, the perceived influence of their MC on physical performance, MC-related
modifications in training plans, and pain influence).

2.3. Statistical Analysis

Descriptive data are presented as means and standard deviation for interval variables,
and as frequency and percentage for nominal variables. Six level groups were determined
according to self-reported athletic level (non-competitive level or level 0, local or level
1, autonomic or level 2, national or level 3, international or level 4, and elite or level 5).
To compare differences in the adaptation of the parameters of training during the MC,
the six groups were dichotomized into two according to their athletic level: lower-level
athletes (LLA) (groups 0, 1 and 2), and higher-level athletes (HLA) (groups 3, 4 and 5). The
chi-squared test was conducted to determine differences between level groups with and
without HC. All statistical analyses were performed using the software package SPSS (IBM
SPSS version 22.0, Chicago, IL, USA). The effect size was calculated following previous
studies [18].

3. Results

As general information about this group of 1250 women, the results obtained indicate
that participants trained 6.7 ± 3.4 h per week, distributed over 4.3 ± 2.1 sessions per week
(Table 1). Among these women, 64.7% had a coach and 33.6% were federated. The most
practiced sport modalities were team sports (25.9%), athletics (24.6%) and fitness-related
activities (19.7%), whereas other modalities such as CrossFit (9.8%), cycling and dancing
(5.8%) also showed moderate levels of practice among active women. The self-reported
age at menarche was 12.7 ± 1.7 years.
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Table 1. Descriptive data of active women related to sport modality.

N Age Sessions/Week Hours/Week Age of Menarche

Athletic 308 29.8 ± 0.4 4.7 ± 0.1 6.7 ± 0.2 13.1 ± 0.1
CrossFit 123 28.4 ± 0.7 4.6 ± 0.3 6.1 ± 0.3 12.6 ± 0.2
Cycling 72 32.4 ± 0.8 4.2 ± 0.2 7.6 ± 0.4 12.4 ± 0.2
Dancing 72 29.5 ± 0.7 5.0 ± 0.5 6.0 ± 0.4 12.2 ± 0.2

Equestrian 6 25.0 ± 1.8 4.5 ± 0.7 8.5 ± 1.6 12.5 ± 0.2
Fight sports 15 26.2 ± 0.7 3.0 ± 0.2 6.0 ± 0.7 12.0 ± 0.3

Fitness 246 27.9 ± 0.4 3.7 ± 0.7 5.6 ± 0.2 12.6 ± 0.1
Gymnastics 18 26.2 ± 0.9 3.0 ± 0.3 5.0 ± 0.9 12.7 ± 0.3

Racquet
sports 36 25.2 ± 0.8 3.6 ± 0.2 4.8 ± 0.3 13.0 ± 0.3

Swimming 15 27.4 ± 0.8 4.6 ± 0.2 7.8 ± 0.8 12.6 ± 0.4
Team sports 324 24.5 ± 0.3 4.2 ± 0.9 8.2 ± 0.2 12.7 ± 0.1

Winter sports 9 28.7 ± 1.2 3.0 ± 0.2 5.3 ± 0.3 13.0 ± 0.8

Concerning the athletic level, regardless of sport modality, most of the surveyed
women (60.7%) indicated a non-competitive level (level 0), whereas the rest of the partici-
pants reported a competitive level (at local level or level 1–9.8%; autonomic or level 2–7.7%;
national or level 3–18.7%; international or level 4–2.4%; and elite or level 5–0.6%).

Regarding the profile of the MC in relation to the different athletic levels (Table 2), 81%
reported having a stable duration of MC with most of them (57%) lasting 26–30 days. No
statistical differences were found in the length of the MC when comparing different athletic
levels, except with the elite level (n = 8, p < 0.001, effect size (ES) = 0.42). Regarding the
regularity of the MC, international athletes reported a lower percentage (60% regularity)
compared with the rest of the groups. In general, 28% reported using an HC method,
showing that 43.8% of the level 2 group used HC.

Table 2. Profile of the menstrual cycle (MC) related to different athletic levels.

Variables LG0
(n = 759)

LG1
(n = 123)

LG2
(n = 96)

LG3
(n = 234)

LG4
(n = 30)

LG5
(n = 8) p-Value ES

Length of
MC

21–25
days 153 (20.2) 30 (24.4) 24 (25.0) 51 (21.8) 6 (20.0) 0 (0.0)

<0.001 0.4226–30
days 453 (59.7) 54 (43.9) 54 (56.2) 129 (55.1) 9 (30.0) 8 (100.0)

31–35
days 81 (10.7) 27 (22.0) 6 (6.2) 18 (7.7) 6 (20.0) 0 (0.0)

It varies a
lot 72 (9.5) 12 (9.8) 12 (12.5) 36 (15.4) 9 (30.0) 0 (0.0)

Regularity
of MC

Yes 633 (83.4) 99 (80.5) 72 (75.0) 189 (80.8) 18 (60.0) 8 (100.0)
0.008 0.10No 126 (16.6) 24 (19.5) 24 (25.0) 45 (19.2) 12 (40.0) 0 (0.0)

HC
Yes 204 (26.9) 33 (26.8) 42 (43.8) 60 (25.6) 6 (20.0) 0 (0.0)

<0.001 0.26No 553 (72.9) 90 (73.2) 54 (56.2) 174 (74.4) 22 (73.3) 8 (100.0)

Note: percentages are calculated according to the number of sportswomen per level group. ES: effect size, MC: menstrual cycle; HC:
hormonal contraceptives; LG0: non-competitive level; LG1: local level; LG2: autonomic level; LG3: national level; LG4: international level;
LG5: elite level.

Table 3 includes a comparison between different athletic levels (HLA vs. LLA) with
a normal cycle (no HC use). Of the LLA, 80.3% indicated that their MC affects athletic
performance, with statistical differences compared to HLA. However, almost 70% did not
consider the MC in their training program for both groups. Regarding training volume and
intensity, LLA affected both variables more during their menstrual phase (MP) compared
with HLA (p < 0.005 and p < 0.001, respectively). Almost 50% of the LLA stopped their
training during their MP, while <20% of HLA did so (p < 0.001; ES = 0.84). Lastly, among
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the sportswomen, 55% to 63% reported that they suffered pain during their MP, without
differences between both groups.

Table 3. Influence of the menstrual cycle (MC) on training habits, related to different athletic levels
without contraceptive hormones (n = 905).

Variables LLA
(n = 697)

HLA
(n = 208) p-Value ES

Effect on performance
No 138 (19.8) 48 (23.1)

<0.05 0.17Yes—moderately 397 (57.0) 128 (61.5)
Yes—strongly 162 (23.2) 32 (15.4)

Considering MC in
training

Yes 210 (30.1) 64 (30.8)
0.86 0.01No 487 (69.7) 144 (69.2)

Adapting volume
during MP

Yes 264 (37.9) 55 (26.4)
<0.005 0.29No 433 (62.1) 153 (73.6)

Adapting intensity
during MP

Yes 339 (48.6) 64 (30.8)
<0.001 0.42No 358 (51.4) 144 (69.2)

Stopping training
during MP

Yes 330 (47.3) 34 (16.3)
<0.001 0.84No 367 (52.7) 174 (83.7)

Pain during MP Yes 459 (65.9) 128 (61.5)
0.256 0.10No 238 (34.1) 80 (38.5)

Note: percentages are calculated related to the number of sportswomen per level group. ES: effect size; MP:
menstrual phase; MC: menstrual cycle; HLA: higher-level athletes, LLA: lower-level athletes.

Table 4 describes the influence of the MC on training habits, comparing HLA and LLA
athletes. Both LLA and HLA athletes consuming HC reported their performance being
affected. However, only 9.1% of HLA reported no effect, against 28% of LLA (p < 0.005;
ES = 0.47). Regarding the rest of the variables, no statistical differences were reported
when comparing both groups, considering the effect of the MC in their training (p = 0.669),
neither adapting their volume or training, nor stopping training during their MP (p = 0.656,
p = 0.09 and p = 0.143, respectively). Finally, both groups suffered pain during their MP,
with between 55 and 63% of athletes reporting it, with no differences between groups.

Table 4. Influence of the menstrual cycle (MC) on training habits, related to different athletic levels
with contraceptive hormones (n = 345).

Variables LLA
(n = 279)

HLA
(n = 66) p-Value ES

Effect on performance
No 78 (28.0) 6 (9.1)

<0.005 0.47Yes—moderately 147 (52.7) 39 (59.1)
Yes—strongly 54 (19.3) 21 (31.8)

Considering MC in
training

Yes 69 (24.7) 18 (27.3)
0.669 0.06No 210 (75.3) 48 (72.7)

Adapting volume
during MP

Yes 81 (29.0) 21 (31.8)
0.656 0.06No 198 (71.0) 45 (68.2)

Adapting intensity
during MP

Yes 120 (43.0) 21 (31.8)
0.09 0.22No 159 (57.0) 45 (68.2)

Stopping training
during MP

Yes 75 (26.9) 12 (18.2)
0.143 0.20No 204 (73.1) 54 (81.8)

Pain during MP Yes 156 (55.9) 42 (63.6)
0.254 0.16No 123 (44.1) 24 (36.4)

Note: percentages are calculated related to the number of sportswomen per level group. ES: effect size; MP:
menstrual phase; MC: menstrual cycle; HLA: higher-level athletes, LLA: lower-level athletes.

4. Discussion

This study aimed to examine the training habits of eumenorrheic active women
during their MC and its perceived influence on their physical performance. The results
obtained indicate that, despite a high percentage of the surveyed women confirming that
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the MC affects physical performance and reporting feeling pain during the MP, most of
them reported making no changes to their training programs during the MC, with no
modifications in training volume or intensity during the MP. This information is of interest
as it reinforces the importance of the MC in the training plans of eumenorrheic active
women.

Until now, there has been no clear evidence about the relationship between MC and
sports performance in different physical outcomes [13,16,19–21]. Regarding this, almost
80% of athletes indicated that the MC affects their performance, with more influence on
LLA with a normal MC and HLA with HC consumption. Athletes also suffered pain
during the MP, with no differences between groups, independent of the use or non-use of
HC. These results match previous studies that indicated most athletes suffered negative
side effects during the early days of the MP, affecting their sports performance throughout
the cycle [15,16] because of HMB, stomach cramps, back pain and headaches, among other
symptoms. Conversely, exercise has been shown to improve the symptoms of premenstrual
syndrome, inter alia [22], so female athletes should consider managing training variables
(e.g., volume and intensity) during the MC, especially during the MP, but not stop training.

Given the lack of consensus about the influence of the hormone variations associated
with the MC, the results provided by the current work might be of interest for coaches
and athletes. For instance, whereas it has been suggested that age at menarche might
be influenced by the level of sports practice and specialization in the sport [23], the data
provided by this current study indicate that age at menarche was similar for all the sports
in the study. About this, a previous study suggested that, in gymnastics, menarcheal age
was delayed compared with other athletes [23]. However, the authors could not justify this
finding regarding training levels, so according to our results, menarcheal age could not be
influenced by training levels [23]. Further longitudinal studies should be performed with
young female athletes to analyze possible changes to the menarcheal age and the influence
of training levels. In this context, another interesting finding is the lack of differences in
the length of the MC between level groups. Martin et al. [16] showed that the length of
the MC can vary regarding athletic level, with some negative side effects such as primary
dysmenorrhea. However, this does not match our results, with more than 50% of HLA
reporting a duration of 26 to 30 days. Furthermore, most groups reported a high regularity
of the MC, which is key to female performance and the first step for designing training
programs according to their different phases [19]. Lastly, only 27.5% used HCs, which
is a low prevalence compared with previous studies, and almost 60% of the British elite
athletes [16]. HC can influence the regularity of the MC as well as reducing dysmenorrhea,
but it also affects sport performance [16].

Additionally, this study also aimed to investigate the differences in MC-related train-
ing habits concerning athletic level, comparing results with and without the use of HC.
Regarding this, it has been suggested that athletic level can influence the MC [16]. Firstly,
regarding athletes with a natural MC (no HC use), the HLA adapted their training much
less according to their MC than did the LLA (i.e., the LLA skipped more training sessions
than HLA). Intensity, one of the main factors to control during the MC [20], was modified
in 48.6% of the LLA compared with only 30.8% in the HLA group during the MP. That is,
the HLA did not modify their workouts, regardless of the negative side effects (such as
pain) associated with the MP during their preparation. Okano et al. [24] showed that the
athletic level influenced the prevalence of eating disorders in Japanese and Chinese athletes,
revealing that HLA are more prone to suffering them. So, training at a high level without
considering hormone fluctuations during the MC (and especially the negative side effects
before and during the MP) could be dangerous for female health and also increase injury
risk [25]. In fact, a recent study stated that periodizing the strength training according to
the different phases of the MC improves the gaining of lean body mass compared with
traditional training [26]. Secondly, comparing both athletic levels via HC use reported
different findings. In general, both groups felt pain during the MP, without statistical
differences. No differences were also reported regarding the adaptation of training habits

146



Int. J. Environ. Res. Public Health 2021, 18, 3662

in either variable (intensity and volume) during the MP. Curiously, 90% of HLA with HC
reported an effect on their performance, compared with only 72% of LLA. In this sense, a
recent systematic review suggested that performance did not differ between the different
phases of the MC in HC athletes, but their performance can be slightly inferior compared
with a non-HC user [27]. Taking into account that HLA athletes using HC felt more effect
on their performance compared with HLA with a natural MC, and the same percentage of
pain was reported, HC might not be the best option for top athletes, due to the negative
side effects of its use [27].

In summary, the results indicate that, despite a high percentage of the surveyed
women confirming that the MC affects physical performance and feeling pain during their
MP, most of them reported making no changes to their training programs during the MC,
with no modifications in training volume nor intensity during the MP. Comparing HC use
to non-use, LLA with a natural MC adapted their training variables more during the MP
compared to HLA. On the other hand, athletes using HC did not differ in their training
adaptations regarding their athletic level. Apart from these key points, it is relevant to take
into account that more than 50% of athletes (in both groups) suffered pain during the MP.
This information is essential for coaches and practitioners to understand and adapt training
loads when pain is present during the MC. Further strategies should analyze different
adaptations of training plans throughout the MC, and particularly during the MP, to as
far as possible reduce the pain and optimize their sport performance. For these reasons,
monitoring and programming training loads according to athletic level, their type of MC
(use or non-use of HC), and the different phases of the MC might be relevant during the
training process according to these results. Future studies should apply different intensities
and frequencies during the MP to compare the effects on sport performance, especially in a
natural MC.

5. Conclusions

The novel aspect of this research regards the level of influence of the menstrual cycle
on the performance and training habits of eumenorrheic active women. Defining and
knowing the side effects during each phase of the menstrual cycle at different performance
levels and sports modalities should be relevant to adapting training programs properly and
reducing non-practice times during the menstruation phase, both in HC and non-HC users.
For this reason, staff and physical education coaches should be aware of the importance of
managing and registering the menstrual phases of women to optimize their training and
adapt training loads, especially during the bleeding or menstrual phase. Moreover, these
results could also be useful to compare different performances regarding sports modalities.

To sum up, this study provides descriptive information about the MC of eumenorrheic
active women, and the modifications performed in their training programs in relation to
the different phases of the MC. Given the reported hormonal changes during the different
phases of the MC, both sports scientists and coaches must pay special attention to the role
of this factor, and also to their negative side effects in some phases, suggesting the need
for an educational process and a constant dialog with their athletes about their feelings,
negative side effects (if they exist) and pain during the MP, independently of the use or
non-use of HC.
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