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Abstract: The testosterone—cortisol ratio is a concept in human biology that refers to the balance
between testosterone, the main anabolic steroid, and cortisol, another steroid hormone. The two
hormones are said to be habitually positively “coupled”. Increases or decreases in testosterone tend
to be associated with corresponding increases or decreases in cortisol, and vice versa. The present
study explored hormone coupling and its relationship to stress levels in the sport performances of an
elite women'’s volleyball team. (1) Aim: to assess the testosterone—cortisol concentration dynamic
over 16 weeks and its link to sport performance in elite female volleyball players (height: 1.8 & 0.1 m;
24.2 + 2.7 years; playing experience 15 + 2.8 years; years played at elite level 4.2 & 2.2; testosterone—
cortisol index time 1: 3.9 vs. time 2: 4.3) (n = 11). (2) Methods: blood samples (hormones among
other biochemical parameters) and sports performance measurements (aerobic and anaerobic power
among other tests) were taken from members of an elite women’s volleyball team over 16 weeks
of competition. (3) Results: female volleyball players showed patterns of hormonal change and
adaptation to stress. (4) Conclusions: the current investigation demonstrated that elite female
volleyball players have higher basal levels of testosterone and cortisol than normal healthy women.
The impact of training and competition is clearly reflected in the levels of T. Cortisol levels increase at
the beginning of training and remain elevated throughout the season, but without significant changes.
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1. Introduction

To excel in competitive sports, athletes must maintain their maximum capabili-
ties throughout the competition to achieve peak performance [1]. Ways of managing
and adapting to the stressful demands of competition are vitally important in terms of
performance [2-5]. Participation in elite level volleyball is associated with an improvement
in physical conditioning components [6-9]. The intermittent and explosive sport of vol-
leyball involves a lot of running, jumping, and hitting motions [10,11]. Given the number
of stressful scenarios that it offers as a team sport, decision-making is significantly more
crucial for team performance than it is in non-team sports [12]. It is important to mention
that our selection of volleyball as the sport of choice was not based on physical fitness
levels alone. Rather, we chose volleyball over strictly aerobic sports, which are known to
promote better adaptation to other stressors, due to the wide range of psychological as well
as social stress factors present in the sport [13].

To be able to perform optimally in volleyball, training is planned by adapting the
most appropriate training load with the aim of achieving sport-specific adaptation through
super compensation, which consequently results in improved athletic performance [14].
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Additionally, stress caused by competition is a set of sophisticated physiological and
psychological processes [15] that significantly influences results, particularly in team sports
such as volleyball [16].

Additionally, carefully selected training loads influence athletes’ biochemical and
physiological features in a positive way. However, if you work out frequently and intensely,
you can find that you perform worse and get tired faster [17]. During the competitive phase
of volleyball, training loads are primarily concentrated on enhancing strength-endurance,
as well as game technique and tactics [18]. Training loads must constantly be adapted to
the specific adaptive capability of the athlete to achieve a gain in performance [19].

To measure and evaluate such stress and its effect on the performance [20] required by
this type of sport [21,22], testosterone (T) and cortisol (C) hormone levels are proposed as
reliable biomarkers for these processes [23].

T plays a crucial role in sport by facilitating nitrogen fixation and promoting tissue-
specific protein synthesis [24]. Regardless of differences in circulation levels between men
and women, numerous studies Updated reference [25-27] have shown that T appears to
exert similar effects on exercise behaviour [28].

On the contrary, due to their catabolic, anti-inflammatory and homeostatic func-
tions in affecting electrical and metabolic balance, C is regarded as a biomarker of stress
response [29], as physical activity, particularly high-intensity physical activity, is often
associated with a decrease in the hypothalamic—pituitary—adrenal axis, although the basal
level of C is often higher than normal, reflecting a chronic response to training [21]. During
active stress responses, this steroid hormone has a significant impact on both physiological
and psychological aspects (i.e., functional, and dysfunctional impulsivity and motivation),
influencing human behaviour towards desirable (high approach motivation) or undesirable
(low avoidance motivation) outcomes [30]. The reference values for T in women are 15 to
70ng/dL or 0.5 to 2.4 nmol/L [31] and for C, 5 to 25 mcg/dL or 140 to 690 nmol/L [32]. It
has also been observed that C concentrations are significantly reduced, even below basal
resting values, within 24 h of recovery from exhaustive physical activity [33].

Numerous studies have investigated the impact of physical activity on T and C levels
in the body, especially when the T and C order is altered, reorienting in the opposite
direction (catabolic and anabolic, respectively), demonstrating that physical activity causes
an imbalance between catabolic hormones of an adrenal origin and anabolic hormones
from a testicular source [31]. However, published data on this issue in women are far from
conclusive, to the best of the author’s knowledge.

Despite ongoing research, there is currently no definitive sign that can accurately
pinpoint stress and/or overtraining problems [32,34,35], although in recent decades the
relationship between T and C (T:C) has been proposed as a possible diagnostic index [36,37].
The T:C ratio has been reported to be a sign of athletes” anabolic states [38], acute training
responses and effects [39-41], as well as psychophysiological responses such as stress and
motivation [38,41,42].

For this reason, it has been argued that, in training processes, monitoring the T:C ratio
can be used to check the response of our hormones to the intensity of our training to
prevent stress and overtraining syndrome [43]. Both factors are associated with decreased
performance, psychological changes, and neuroendocrine disruption [44].

Low T levels may be a sign of men’s poor overall health [45], and extreme amounts
of circulating androgens, whether high or low, may be harmful to women’s health [46].
Exercise-induced amenorrhea and chronic hypercortisolism have been linked in women [47].
This has been connected to the female athlete triad’s “premature bone loss associated with
decreased levels of progesterone and oestradiol” [48].

At the onset of physical activity, both T and C production is stimulated [49,50] but,
after the end of physical activity, high circulating C levels negatively affect T synthesis [51].
Because a single isolated and punctual measurement could provide a misleading image
depending on the sampling phase, it is crucial to analyse the dynamics of both hormones
throughout a specific period rather than only acutely. Even though numerous research
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has evaluated the size and direction of the shift in both hormones, some of them have
focused on concentrations during exercise or immediately after the end of exercise either
acutely [52,53] or after 24 h [54-57].

Even though this information is valuable, it is necessary to monitor the hormone
concentrations for a longer period to determine how long it takes the neuroendocrine
system to return to a homeostatic resting state [58] and the extent to which they are linked
to variations in performance while engaged in sports competition [59-62]. For coaches and
sport scientists, this knowledge could be crucial in determining the number of recovery
days needed after intense activity, such as that which might occur during competition. In
volleyball, no previous studies have described these parameters through the season, based
on the author’s knowledge.

To gain a deeper knowledge of the relationship between T and C levels and sport
performance in elite female volleyball players, the major goal of this study is to examine
the dynamics of C and T concentration across a 16-week competition period.

2. Materials and Methods
2.1. Participants

In the 2018-2019 season, a group of eleven female volleyball players (Table 1) were
evaluated twice: first in September 2018 (pre-season), and again in January 2019 (during
the first competitive break). The players were competing at the elite level in the Iberdrola
League under the Royal Spanish Volleyball Federation.

Table 1. General characteristics of participants.

Age (Yr) t Body Mass (kg) t Height (m) t
T1
242427 —0.959 69.9 £9.2 -1.723 1.8+0.1 —0.624
T2
245427 —0.944 70.1 +£8.9 —1.315 1.8+0.1 —0.624
Experience in the field (Yr)
15£28
Elite level play (Yr)
42+£22

First moment is T1; second moment is T2; t: t is student.

The typical work week averaged 22.5 (Figure 1) hours of training (excluding competi-
tion). It included three double training sessions, 150 min of technical-tactical work (46.15%)
(morning) and 180 min of physical work (53.85%) (afternoon).

Time and type of work
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Figure 1. Time and type of work.
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All the participants involved in the data collection had no record of injuries, allergies,
or hormonal disturbances. Additionally, none of them were allowed to take any illegal
drugs or medications affecting their body mass. Prior to testing, they were instructed to
refrain from engaging in strenuous physical activity for at least 24 h. Written informed
consent forms, signed by parents of minor participants, were submitted. Due to the nature
of the research, anonymity could not be guaranteed, but all data obtained were treated
with scientific rigor and utmost discretion and were solely used for the research endeavour.

Prior to the commencement of the study, the experimental procedures, associated risks
and benefits were clearly explained to each athlete. Each player provided written consent
before participating, in accordance with the ethical guidelines outlined in the Helsinki
Declaration of the World Medical Association (2013) [63] for medical research on human
subjects. The project was approved by the Ethics Committee for Research Involving Human
Subjects of the University of the Basque Country (number: M10_2017_216). The study was
conducted in accordance with Organic Law 15/1999 of 13 December on the Protection of
Personal Data.

2.2. Experimental Design of the Problem

The current study (Figure 2) was carried out in non-experimental settings to guarantee
ecological validity. As such, the coaching staff and participants did not receive any input or
intervention from the research team. The coaching staff provided the team with information
on training data, competition schedules and match results [64].

1¢t period 2nd period
September 2018 January 2019
» 16 weeks >
y v

Data collection 1 Data collection 2

Figure 2. Study design.

2.3. Evaluation Plan

Measurements were taken at two points during the season, specifically in September 2018
(T1) and January 2019 (T2), just prior to a training session. These times were chosen
because the monitored parameters were expected to vary significantly during these times [7]
(Figure 2).

To rule out any potential environmental or biological influences that might have an
impact on the results, the measurements were conducted in the sports facility where the
players practiced and competed [65]. The evaluations were conducted at the Municipal
Sports Centre “El Ferial” in Haro, La Rioja. The humidity and temperature differences
between T1 (humidity 42%, temperature 28.1 °C) and T2 (humidity 39%, temperature
14.9 °C) were 3% and 13.2 °C, respectively.

To ensure accurate evaluation, the participants were instructed not to engage in
physical exercise for 24 h prior to the analysis. They were also advised not to consume
any solid or liquid food within 4 h prior to the test and to maintain proper hydration.
In addition, the participants were asked to urinate and/or defecate 30 min prior to data
collection [66].

2.4. Blood Analysis

In each of the two periods, a biochemical blood analysis was carried out before each
session of the physical tests. For these biochemical analyses, a university graduate in
nursing was available for the extraction, labelling and packaging of the blood samples. The
blood samples were collected using the Vacutainer vacuum system with anticoagulant. It is
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essential that the labelling of the sample tubes is carried out correctly before the patient
leaves, leaving a record of who has collected the sample. These data must always be
checked against the list of players previously provided by the club.

For the transportation of the samples to the laboratory, the tubes were tightly closed
before moving them so that shaking or moving them abruptly during transport was
avoided, as this could haemolyse the blood; therefore, all the samples were transported in
the corresponding refrigerator in test tube racks. Whole blood samples with anticoagulant
were transported refrigerated between +4 and +8 °C, with cold accumulators for sample
transport, and arrived at the laboratory within 24 h after collection.

The laboratory where the analyses were carried out is a health service provider spe-
cialised around clinical analysis, dedicated to analysing the composition of biological fluids
in the human organism to obtain information that contributes to better prevention, diag-
nosis, treatment, and monitoring of diseases. It is made up of a multidisciplinary team of
healthcare professionals, including Medical Analysts, University Graduates in Nursing,
Laboratory Technicians and Administrative Staff. It has a quality management system that
complies with the ISO 9001:2008 standard and was previously used in this comprehensive
research project [67].

2.5. Physical Performance Tests

To evaluate the physical capacities of the volleyball players, several fitness tests were
conducted, which represented different aspects of volleyball performance. The tests were
held in the afternoon, around 5 pm, on the respective days at the sports hall mentioned
previously, under the same humidity and temperature conditions. Prior to the tests, a
standardized warm-up of 20 min was performed to ensure that the athletes were suitably
prepared for the various assessments, including tests for jumping, strength and agility [68].

There was a 5 min rest break between each attempt and throughout all the activities, as
per previous recommendations [69]. The selected exercises for the test were chosen based
on their demonstrated efficacy in improving performance in the discipline of volleyball [70].
Prior to each exercise, a specific description and justification were provided for the athletes
to ensure that they were well-informed and understood the purpose of each test.

The tests were conducted in a specific order (Figure 3), beginning with the squat jump
(SJ]), followed by the countermovement jump (CM]J), the Abalakov jump (ABK), the drop
jump (DJ), the medicine ball throw (using a 3 kg ball) and concluding with the Illinois
agility test with change of direction (COD).

ORDER OF TESTING
P y > Body mass —l

Warm-up < Height
Physical “' ‘f\‘ / ‘y‘\
performance ——p Jumping > | sJ | ———» | cmy ||
tests \ \/ \ \/
Bt / 7\ y/ A
Medlclr;: kbga)" throw ¢ DJ ‘ ‘ ¢ | ABK | ‘

l

Illinois COD

Figure 3. Order of tests.
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2.5.1. Warm-Up

Prior to the sports performance tests, a standardized 20-min warm-up session was
conducted. The warm-up consisted of a 5 min jog forwards and backwards, as well as
various exercises including hopping on one leg (forward and backward, on both the right
and left sides), hip opening and closing, arm circumduction and heel running (forward and
backward). The warm-up also included acceleration and injury prevention exercises such
as hand planks from a standing position, jumps with trot from midfield, sprint from prone,
lunge with trunk twist, squats with jump, explosive push-ups, hamstring stretches on trot,
forward strides, zigzag running, and pyramid stretches from a quadruped position [71].

2.5.2. Performance Tests
a. Jumping (S], CM]J, ABK, DJ)

The data for the fitness tests were collected using a Chronojump® Bosco System DIN-
A1 (Chronojump Association for the Research and Dissemination of Technology Applied to
Physical Activity and Sport, Barcelona, Spain) contact platform [72], which was controlled
by a chronometric device responsible for timing the state changes of the detection device.
The microcontroller error was 0.1%, resulting in a validity of 0.95 (CCI). The Chronopic 3
device was validated by the ACSM [73] for the entire spectrum studied, with an average
error of 0.04 £ 0.18% for low signals (corresponding to contact time in a jump), and
0.05 & 0.19% for high signals (time of flight) [74].

e  Squatjump (S]) [75]:

This exercise evaluates the lower limbs” maximum concentric dynamic strength [76].
The S] is a jump where the test participants rest on the jump platform with the feet slightly
apart and with a 90° flexion. The arms are at the side of the body, to cancel the effects of the
push-off. On command, the test person takes off as quickly as possible from the ground,
looking for height. Remember that this jump cancels out the eccentric phase, which is
always present in plyometric actions. This test has extremely high test-retest reliability
(variation coefficients of 3.0%), with a high reliability (« = 0.97 and 0.98). This test has a
high mean inter-test correlation (0.91) and a high intra-class correlation coefficient (0.97).
Intra-subject variation in this test ranges between 2.4 and 4.6% [75].

e  Countermovement jumping (CM]J) [77]:

For the vertical jump tests, the participants started in a standing position with their
feet together and hands on their hips. They were instructed to jump as high as possible
with a rapid countermovement. The flight time was used to calculate the change in the
height of the body’s centre of gravity [76]. The calculation of jump height assumed that
the take-off and landing positions of the body’s centre of gravity were the same [78]. Each
participant was allowed two trials, with a 1 min recovery period between each trial, and
the best score was recorded. The arms go to the side of the body during this jump. In this
case, the athlete starts the movement from the upright position, then goes down and comes
back up as fast as possible. In this case, the “eccentric-isometric—concentric” chain, present
in plyometric actions, is respected. The CM] is distinguished by having a relatively low
coefficient of variation (3.0%) between tests [75]. The CM] test had the highest factorial
validity and the strongest correlation with the explosive power factor (r = 0.87). Based on
these findings, it can be said that the CM] is one of the most accurate and dependable field
tests for determining the explosive power of the lower extremities [75].

e  Abalakov [79]:

The Abalakov jump test was utilized to evaluate the explosive strength and maxi-
mum power of the lower body, with the goal of estimating the “reflex—elastic—explosive”
manifestation [80]. Given the execution time of the Abalakov jump test and considering
that around 50% of this time is damping, mainly eccentric, it is observed that the stretch
reflex is triggered during this phase and not during the acceleration phase [67]. The per-
centage difference between the heights reached in the Abalakov and the countermovement
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jump (CMJ) was used to quantify the contribution of the arms to the jump height, which is
referred to as the arm utilization index [79]. The Abalakov jump test was found to have
a high correlation coefficient (0.969-0.995) and a low coefficient of variation (1.54—4.82%).
A factor analysis revealed that the Abalakov jump test accounted for 82.90-95.79% of the
variance of all jumping tests [81]. The Abalakov jump test exhibited a high correlation
coefficient (0.969-0.995) and low coefficient of variation (1.54—4.82%). A factor analysis
revealed that the Abalakov jump test accounted for 82.90-95.79% of the variance of all
jumping tests [77].

e  Drop jump [82]:

The drop jump test involves jumping after falling from a specified height, beginning
in a position with the legs extended and executing a downward movement. The movement
must be performed continuously with the hands on the hips and the trunk kept straight.
This test is used to evaluate the “reflex—elastic—explosive” manifestation and to verify and
assess strength [80]. The reliability of the drop jump test has been demonstrated by an intra-
class ratio coefficient of 0.70-0.92, a standard error of measurement of 8.5-18.4 milliseconds
(ms) and a coefficient of variation of 3.6-6.4% [80].

b.  Medicine Ball Throwing Test (3 kg) [83]

Using the medicine ball throwing test, upper body strength was evaluated [84]. The
starting position is without prior impulse, from a standing position, with the legs comfort-
ably apart, the feet in a symmetrical position and the ball held with both hands above and
behind the head. In this way, the ball is thrown forward with as much force as possible, so
that it falls within the throwing sector. The reliability obtained [85] through a test-retest is
r = 0.98, and the validity of the drop jump test was evaluated using the intraclass correlation
coefficient (ICC), which yielded a score of 0.98, indicating consistency between the means of
each throwing mode (standing, kneeling, sitting, one-handed). The correlation coefficient
was also calculated, resulting in a score of r = 0.49, with a significant p-value of <0.01 [67].

c.  Agility Test with Change of Direction, Illinois COD Agility Test (IAGT CDD)

MicroGate® Witty Wireless Training Timer photoelectric cells (Microgate Srl, Bolzano,
Italy) were utilized in the study. These cells have a minimum resolution of 0.125 Ms and an
event delay of 1 ms. They also incorporate a redundant code with information accuracy
check and self-correction, with a pulse transmission accuracy of 0.4 Ms.

e Illinois agility test with change of direction:

The Illinois agility test consists of the following steps: To begin the Illinois agility
test, assume a face-down position on the starting cone-marker, with your hands placed at
shoulder level. When the assistant indicates and activates the stopwatch, the athlete must
get up as quickly as possible, and run the entire course drawn by the cones, in the shortest
time. The Illinois agility test [86] is widely regarded as a standard agility test [87] thanks to
its strong validation and reproducibility [88,89]. As a result, it has become the go-to test for
measuring changes in directional skill, making it a reliable tool for athletes and trainers
alike [90]. According to research, the intraclass correlation coefficient and standard error of
measurement for the Illinois agility test are 0.96 (95% CI, 0.85-0.98) and 0.19 s, respectively.
In addition, the IAGT CDD has been found to be a reliable and valid test, with a correlation
coefficient of 0.31 (95% CI, 0.24-0.39) and a significance level of p < 0.05 [59]. These findings
suggest that the IAGT CDD is a trustworthy tool for assessing agility.

2.6. Statistical Analysis

All data are presented as mean £ SD. The normality of the variables was assessed us-
ing the Shapiro-Wilk normality test, since the sample size was less than 30. The parametric
Student’s t-test for repeated or paired measures was used, assuming a normal distribution
of the data. The percentage change (A%) from T1 to T2 in the outcome variables was
calculated using the formula [(T2 — T1) /T1] x 100. To determine the effect size between
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participants, partial eta squared (nzp) was calculated. However, since this measure is prone
to overestimation of the effect size, the following interpretation was used [91]: no effect
if0 < n2p < 0.05; minimal effect if 0.05 < nzp < 0.26; moderate effect if 0.26 < nzp <0.64
and strong effect if nzp > 0.64. Pearson’s correlation analysis and Hopkins” correlation
magnitude were also conducted [92]. The magnitude of correlation coefficients was deter-
mined as trivial (r < 0.1), small (0.1 < r < 0.3), moderate (0.3 < r < 0.5), high (0.5 <r <0.7),
very high (0.7 < r < 0.9), near perfect (r > 0.9) and perfect (r = 1) [92]. In turn, the effect
size variation is indicated providing a convenient (though not exhaustive) representation
of the required sample size change [93] and a more intuitive and practical approach to
probabilistic inference [94] based only on the ambiguity surrounding the statistic’s actual
value. At the level of results, it has been considered at a general level that the significance
of the difference obtained is in some way significant when it deviates from what is expected
in a way that cannot be assumed to be produced by chance alone, since in this way, as we
have said, it is unlikely that the result is produced by chance or random fluctuation. There-
fore, those results that indicate a correlation coefficient greater than 0.5 will be considered.
Following established guidelines [95], BMI was used to determine the prevalence of being
overweight in the study sample. An Excel spreadsheet was used to record the values of the
measurements collected for later statistical analysis in Windows SPSS® 25.0 software (Inc.,
Chicago, IL, USA). P 0.05 was the threshold for significance.

3. Results
3.1. Hormones

In Table 2, we can observe the percentage and absolute changes between the initial test
(T1) and the final test (T2) for all hormone measures and the index that relates them. The
main changes observed were a decrease (—3.470%) in C levels and an increase in T levels
(2.945%). These changes imply that the T:C ratio has improved by 10.574%, as is illustrated
graphically in Figure 4 and in Table 2. Although, as can be seen, the p-values are greater
than 0.05, there is no statistically significant difference.

Table 2. Absolute and percentage changes.

Muew  Teem o : e O Pl
Cortisol (ng/dL) 191+ 4.2 18,5+ 5.0 —3.470 0.74 0.144 Trivial Probably beneficial
Testoterone (ng/mL) 071+ 3.8 0.73+43 2.101 2.945 0.75 —0.135 Trivial Probably beneficial
T:C Index 39+12 43+18 10.574 0.54 —0.268 Small Possibly beneficial

T1: Time 1; T2: Time 2; t: t de Student; the %A was calculated as [(T2 — T1)/T1] x 100; p: p-value; nzp: effect size.

3.2. Performance Tests

Table 3 displays the % and absolute changes between pre-test (T1) and post-test (12)
for all performance measures for the elite female volleyball players. An improvement
was observed in the most-used jumps in volleyball and a slight decrease in agility. On a
statistical level, it can be observed that there is a significant difference in the CMJ and ABK
jumps, but not in the rest of the tests performed.

Figure 4 shows the time-to-time changes of the hormones involved and their rate, as
well as the most significant percentage change, in this case of blood lactate concentration
(38.851%).
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Table 3. Variation in physical fitness scores.
Change Probabilistic
= = o, 2 g
T1 (e =11) T2 (n=11) t oA P e Magnitude Inference

SJ (cm) 26.0 3.2 250+ 1.2 —4.0+11.3 0.335 0.436 Moderate Probably harmful
CMJ (cm) 303 £3.6 31.2+4.0 3.0+22 0.002 —-0.277 Small Probably beneficial
ABK (cm) 343+5.0 348 +34 2908 22+31 0.028 —0.2089 Small Possibly beneficial

DJ (cm) 26.1+3.9 27.1 +£40.5 . 35+ 6.6 0.103 —0.261 Small Probably beneficial
MBT (m) 72+1.0 72+1.1 0.7 +£11.0 0.823 —0.0563 Trivial Probably trivial
Illinois (s) 18.6 £ 0.9 189+ 1.1 1.8 +3.8 0.149 —0.351 Small Possibly harmful

15

T1: Time 1; T2: Time 2; t: t de Student; the %A was calculated as [(T2 — T1)/T1] x 100; p: p-value; nzp: effect size.
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Figure 4. Significant and absolute percentage changes.

3.3. Relationship between Hormone Levels and Performance Changes

Figures 5 and 6 show the bivariate correlations analysis between the levels of these
hormones and some of the performance tests performed on the participants.

At time T1, significant negative correlations of T with the agility test were observed
(r = —0.596 [high]; p = 0.05). Negative relationships between the outcomes were also noted
for these same tests with the T/C index: agility test (r = —0.598 [high]; p = 0.05). At this
first moment, strong correlations of the T with the ABK jump longitudinal (r = 0.631 [high];
p = 0.04) and power watts (r = 0.622 [high]; p = 0.04) can be seen. Likewise, the T/C index
with the CMJ jump: length (r = 0.598 [high]; p = 0.05) and watts (r = 0. 590 [high]; p = 0.05),
the ABK jump: length (r = 0.646 [high]; p = 0.03) and power (r = 0.640 [high]; p = 0.03).

At time T2, negative correlations were found between CM]J and C, both in its longi-
tudinal measure (r = —0.594 [high]; p = 0.05) and in its translation into watts of power
(r=—0.588 [high]; p = 0.05). The same trend holds between SJ jump and T/C index:
longitudinal (r = —0.624 [high]; p = 0.04) and power watts (r = —0.623 [high]; p = 0.04).
Strong correlations are now established between the DJ jump and the T/C index: length
(r = 0.604 [high]; p = 0.05) and watts (r = 0.602 [high]; p = 0.05).
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The rest of the results are not shown in this section, as they are not significant at
p > 0.05.

The percentage change for hormone levels (Table 2) are 2.945% for T, 3.470% for C
and 10.574% for the T:C ratio. As for the performance results, the percentage changes
(Table 3) are for the SJ jump—4.0% =+ 11.3%, for the CMJ jump—3.0% =£ 2.2%, for the ABK
jump—2.2% =+ 3.1%, for the DJ jump—3.5% =+ 6.6%, for the MBT—0.7% =+ 11.0% and for
the agility test—1.8% =+ 3.8%.

4. Discussion

The main objective of this study is to examine T and C concentration levels over a
16-week competitive period to gain a more comprehensive understanding of sporting
performance in elite female volleyball players. The main results describe that serum total
T concentrations were higher (0.7 ng/mL vs. 0.35 ng/mL), twice the ranges recorded in
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previous studies in female volleyball players [1] at both time points, although the values
obtained are within the theoretically established ranges for serum total T of 0.3-0.9 ng/mL
for women. The results also show that C levels were on average 4.7% (19.1 pug/dL vs.
18.2 ug/dL) higher at T1 and 1.57% (18.5 pg/dL vs. 18.2 ug/dL) according to these studies,
ranges that are also within the theoretically established levels for basal C in women of
6-30 pg/dL. Of note, the hormone levels observed in this study were higher than those
commonly used as a reference in clinical practice, which are derived from a “reference”
population of healthy women [2]. Consistent results from different statistical methods
suggest that young female athletes differ constitutively from the general female population
in terms of their hormone levels [96].

Since the T concentration between moments has improved (2.945%) in the body of
the participants, without being a significant change, this will tend to develop muscle mass
more easily and therefore athletic performance will increase, as observed in some of the
CMJ (3.0% = 2.2%; p = 0.002) and ABK (2.2% =+ 3.1%; p = 0.028) jumps, with significant
changes between moments. Consequently, and knowing that muscles are the most energy-
consuming tissue, participants will increase their energy expenditure the more physical
activity they do, while developing their muscle mass according to their situation [3].

In the case of T, the more T that is secreted (within established theoretical levels) and
the more physical exercise that is performed, the more muscle mass and strength will
increase. Furthermore, as this hormone speeds up metabolism, it will help to lose body
fat, while increasing muscle mass [3]. This will help participants to increase their level
of jumping, as we have seen. We can see that, as mentioned above, participants have T
concentration levels that are within the established theoretical parameters at both time
points, with a slight percentage increase (2.945%) between time points. This indicates that,
although not by much, the work performed between time points has been adequate.

The correlations between T and the agility test at T1 (high) showed the expected
pattern of correspondence, with a considerable magnitude of change, indicating a high
causal probability of the changes produced not being influenced by chance and that being
negative indicates that the level of T influences this type of test inversely proportional to the
reduction in test times. The Illinois agility test is considered a standard agility test [8] due to
its high validation and reproducibility [9,10]. It is used to assess speed and agility abilities,
including reaction time, acceleration, deceleration and change of direction [11], and it is
used to quantify changes in directional ability [12]. The intraclass correlation coefficient
and standard error of measurement values for the test are 0.96 (95% CI, 0.85-0.98) and 0.19 s,
respectively. The validity of the COD IAGT has been assessed with the t-test, yielding a
correlation coefficient of r = 0.31 (95% CI, 0.24-0.39) and a significant p-value < 0.05 [9].
These findings suggest that the COD IAGT is a reliable and valid test for assessing agility.

The measurement scales showed high significant correlations at T1 between T and the
ABK jump (high), a significant disturbance suggesting a minimal probability of chance,
because it is an action that requires explosive strength and coordination. This can be
explained because T has statistically significant correlations with the development of speed
and explosive strength [3].

At time T2, C presents significant negative correlations with CM] jump (high), with a
significant magnitude of change, indicating that there is a low probability that the changes
are intervened by chance, and it can be concluded that the lower the level of C, and
practically the same level of T, the lower the strength and explosiveness.

Aside from exercise intensity and duration, there are additional factors that can impact
the production of C, including diet. When we consume complex carbohydrates after
exercise, they increase insulin levels. This aspect has several metabolic effects, such as
promoting glucose transport to skeletal muscle or suppressing the release of fatty acids
from adipose tissue, while increasing fat storage by activating lipase [97,98], all aspects that
help to reduce the high C levels that have appeared after training [21]. Another measure to
avoid high C levels is to sleep and rest well, which enables cell renewal and recovery [22].
Therefore, it is necessary to observe the concentrations of these hormones not acutely but
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over a period to assess how they fluctuate and to know when the neuroendocrine system
returns to equilibrium [58].

Both T and C have an acute/chronic effect on athletes, although, for the moment,
the evidence is scarce in relation to the optimal hormonal response or environments for
performance, inducing physical and psychological strategies that promote certain hormonal
states that enhance performance in sporting competition [23]. Or, on the other hand,
incorporating hormone monitoring to aid decision-making for stimulus planning and
recovery may be important strategies for coaches [24]. To understand the benefits of T and
C on sporting performance we must bear in mind that on a theoretical level, according to
the principles of training, the level of preparation of elite athletes in general is increasing
every year [25]. Conversely, it is observed that the level of preparation of athletes arriving
at sporting events is decreasing and so any benefits, such as strategies to promote optimal
levels of T or C concentrations, could be critical to sporting performance [3]. In this sense,
the T-C ratio, the T:C ratio, is a ratio used to determine the anabolic versus catabolic state
in the face of training. According to studies, alterations in the T:C ratio may be connected
to an improvement in performance. This T:C ratio is considered a marker of physiological
stress, mainly associated with overtraining [26]. Other authors argue that such a view
seems to be a cursory interpretation of more complex adaptive processes [27]. In relation
to the T:C ratio and its impact on athletic performance, the evidence is discrepant, but on
the other hand, it is clear about the hormonal influences of T and C on anabolic processes,
regarding sports preparation and the immediate reaction to exercise. Therefore, it makes
sense to determine an optimal T and C response to develop appropriate strategies that
generate a precise hormonal environment to enhance athletic performance [99].

In this case, we see that the T:C ratio increases as was predictable with the data
provided for T and C. The T:C ratio represents the balance between anabolic and catabolic
processes and has been suggested by various researchers as an indicator of the training
load [28-31] and could be a useful tool for intervening in its planning, before pathological
physiological alterations occur in athletes [29,30]. The increase in this ratio (10.574%)
(Figure 4) indicates a predominance of anabolic processes, which lead to an increase in
performance (overcompensation) [28,29,31,32]. It should be noted that there is some debate
surrounding the T:C ratio and that it is a parameter that requires more research [34,35].
Some authors even consider that the T:C ratio does not indicate metabolic balance [36].

At T1, the T:C ratio correlates positively and significantly with CMJ and ABK jumps [38].
This relationship is repeated in the results obtained with the agility test. At time T2 it is
observed that, although at a general level the performance results improve in comparison
with the results obtained at T1, there is a significant negative correlation with the SJ jump
but a significant positive correlation with the DJ jump, an aspect that could lead us to think
that coordination improves as the T:C ratio increases [100]. This increase could reflect the
decrease in stress as it was during the first competitive break and given the good position
reached in the ranking at that time of the season [101].

Correlations between and within dimensions were in line with the expected relation-
ships. Overall, negative correlations between the stress and recovery scales indicate the
importance of considering them separately [39]. The negative correlations between the
stress and recovery scales could be that since one scale focuses on mental aspects, the other
focuses on physical aspects. This supports the theoretical differences between these two
scales [40]. However, it is important to note that further research is needed to establish the
long-term trends of these correlations through repeated measure tests and larger participant
sample sizes, as these correlations may vary depending on the characteristics of the sample
being studied. These aspects can be seen in Figures 5 and 6. Moreover, it is necessary to
individualise the work of each participant despite being a team discipline [102].

5. Strengths

This study boasts several strengths, including (i) the extended duration of the follow-
up with high-level volleyball athletes over a 16-week competitive season before a cham-
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pionship and (ii) the integrated approach used, which examined both physiological and
performance parameters in both the athletes and the team.

6. Limitations

The scope of the current study and the controlled conditions of the tasks performed
constrain the generalizability of our research findings. Furthermore, none of the participants
in the study were non-athletes engaged in regular physical activity, which makes it unclear
whether the observed changes were due to high levels of physical activity in general or to
high-level sports performance specifically. Another limitation of the study is the lack of
data on sleep or diet to help explain the different levels observed.

7. Future Research Lines

It is recommended that future research should compare these variations in hormonal
responses with objective training load parameters and/or other hormonal modulators
to examine their association with athletic performance. However, additional studies are
necessary to determine the hormonal effects of sports activities more precisely.

8. Practical Applications

Based on the results obtained, it was found that monitoring hormonal responses
during season planning can yield valuable information regarding the level of stress caused
by sports training and competitions, as well as the ways in which athletes adapt to stress
induced by sports activities. This information can be used to manage training load and
plan training cycles more effectively throughout the competitive season.

9. Conclusions

This retrospective, longitudinal and observational study on hormonal changes in an
elite women’s volleyball team revealed that highly trained players exhibit elevated baseline
levels of T and C compared to those of healthy women without sports training. This finding
could be indicative of the athletes” physiological adaptation to stressors, as continuous
exposure to stressors is known to promote positive adaptations to such factors. In summary,
the impact of training and competition during a volleyball season is distinctly reflected in
the levels of T. Furthermore, C levels were found to increase at the beginning of training
and remain elevated throughout the season, but without any significant changes. T could
be an indicator of the athletes” balance and could even justify necessary interventions to
optimise training loads on an individual basis.
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