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ABSTRACT: K1-format kickboxing is a widely followed combat sport that requires intense physical exercise.
However, research into the body's response to this type of combat is sparse. This study aims to assess the alterations
in hormone levels and brain activity in elite kickboxers following an actual K1 bout and compare these changes
with those observed in a control group engaged in a simulated fight exercise with a punchbag. The study included
100 male professional kickboxers, randomly divided into two groups: an experimental group (K1 fight) and a control
group (simulated fight with a punchbag). Blood samples were obtained before and after exercise to evaluate
testosterone (T) and cortisol concentrations (C). Concurrently, brain activity was recorded using quantitative
electroencephalography (QEEG). After the activity in the experimental group mean testosterone level slightly,
non-significantly decreased from 13.7 nmol/l to 12.4 nmol/l, while mean cortisol significantly (p < 0.001) increased
from 313 to 570 nmol/l. In the control group after the exertion against a punchbag mean cortisol significantly
(p < 0.001) increased from 334 to 452 nmol/l and testosterone increased non-significantly, from 15.1 to 16.3 nmol/l.
In both groups, the testosterone/cortisol ratio (T/C ratio) showed significantly lower levels after the intervention
(p < 0.001 and p < 0.032) in the experimental and control group respectively. The comparison of groups after
exercise revealed significantly higher cortisol levels (experimental group x = 570 nmol/l; control group x = 452
nmol/l) and a significantly lower T/C ratio (experimental group x = 2.7; control group x = 3.9), (p = 0.001) in
the experimental group. Significantly higher brain activity was found in selected leads after a bout (experimental
group). Furthermore, in the experimental group, significant associations of weak to moderate strength were found
between hormone fluctuations and selected areas of brain activity (p < 0.05). K1-format kickboxing induces a stress
response, evident in the sharp changes in cortisol and testosterone levels. A notable observation was the inverse
direction of changes in both hormones. Brain activity analysis indicated the potential influence of raised cortisol
concentrations on specific brain areas. This study augments our understanding of the physiological responses
during K1 kickboxing bouts and may inform the future evolution of this sport.
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1INTRO D U C T 1O N 1550000000

Kickboxing is a spectacular combat sport based on punches and
kicks. The sport attracts many spectators who watch sports compe-
titions and practitioners who actively participate in training and
competitions at various skill levels [1, 2]. The athletes fight in a stand-
ing position and they perform punches and kicks using upper and
lower limbs. They are allowed to use full power, in order to demon-
strate an advantage over the opponent [3]. The bout can be settled

by knockout, technical knockout (inability of the opponent to con-
tinue the fight), corner retirement, or judge’s decision (advantage of
technical points after the full standard time of the fight) [2]. Impor-
tantly, kickboxing requires the use of different motor skills and both
aerobic and anaerobic capacity [4].

In training and competing in combat sports, understanding and
optimizing adaptive potential is critical [5-7]. Central to the
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adaptive mechanisms is the endocrine system, with numerous al-
terations induced by physical exercise. Endogenous testosterone
(T) and cortisol (C) levels are frequently tested in elite athletes as
hormonal changes are indicative of the body’s response to physical
or psychological stimuli [8, 9]. While cortisol facilitates catabolic
processes, testosterone fosters anabolic ones. Their balance, reflect-
ed in T/C ratio, is crucial [10, 11] and has been studied in sports
such as judo [12], wrestling [13], boxing [14], and taekwondo [15].
In kickboxing, differences in cortisol and testosterone concentrations
have been found between competitive fighting and experimental
forms of training [16]. No hormonal differences between winners
and losers have been detected in kickboxing sparring simulations [17].
Slimani et al. reported that integrating mental training for kickbox-
ers resulted in decreased cortisol levels mitigating stress [18].

The intrinsic competitive nature of kickboxing requires intense
physical confrontations, making athletes susceptible to multiple
injuries [19-211]. Especially concerning is the vulnerability of the
head, a topic much discussed in boxing [22]. Post-fight mortality
rates and cardiac arrests leading to debilitating and permanent in-
juries have been documented [23]. The K1 kickboxing format,
characterized by its lenient regulations on strike force and the use
of knee strikes [3], often witnesses fighters aiming to win the fight
by knockout. This illustrates the aspect of the quality of blows de-
livered with full power. Furthermore, in quantitative terms, careful
observation and scientific analysis reveal how a large proportion
of strikes is performed directly to the head, or indirectly to the
guard in K1 bouts, and qualitative inference has been made in oth-
er striking combat sports [24]. In 2007, Tanriverdi et al. estab-
lished a link between amateur kickboxing and hypopituitarism [25].
It is also known that active and retired athletes alike have demon-
strated significant correlations between cognitive functions and
GH-IGF-I levels [26]. Follmer et al. emphasized that coaches and
athletes need to learn how to recognize concussion symptoms and
give first aid [27]. Recent findings suggested brain dysfunctions in
K1 fighters that need to be further explored [25, 26]. Currently,
electroencephalography (EEG) is popular and widely used in the
medical community, providing physicians with important diagnos-
tic information on brain function, with possible neurological disor-
ders. Importantly, EEG is a very practical and inexpensive meth-
od of functional neuroimaging [28]. EEG is a qualitative method.
On the other hand, the use of quantitative electroencephalography
(QEEQ), i.e. the analysis of individual brain waves and the ability
to extract them, is of increasing interest to researchers in the field
of sports [29]. Previous analyses in this area of research indicat-
ed that elite athletes had high amplitudes of beta 1 and beta
2 waves in the frontal lobe area during the period of detraining
compared to normal values and non-athletes, which, according to
the authors, could be related to the accumulation of emotions that
negatively affect judgment and coordination [30]. Another study
evaluating brain wave activity in kickboxers showed high intensi-
ty of sensorimotor rhythm (SMR), beta 1, and beta 2 waves. It
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was found that high activity of these waves can cause anxiety,
stress, difficulty concentrating, and reduced levels of physical ac-
tivity [311. Global conclusions from these studies indicate that spe-
cific brain wave activity can have both negative and positive ef-
fects on brain function and indirectly on sports performance. In
contrast, in a state of immediate combat readiness, before a sport-
ing event, fighters exhibit elevated and diverse brain wave activi-
ty, associated with stress, arousal, and concentration [32]. Partic-
ipating in this sport might lead to severe and irreversible neurological
conditions.

K1 kickboxing offers opportunities to analyse the body’s neuro-
endocrine and neurophysiological responses to stress, with athletes
enduring rigorous physical strain, psychological exposure, and po-
tentially serious injuries. Notwithstanding the burgeoning interest [6],
literature surveys have shown a paucity of comprehensive studies
integrating hormonal, neurophysiological, and neurocognitive anal-
yses during K1 bouts. This research gap highlights the need for ho-
listic diagnosis in this domain.

This study pursues two primary objectives:

1. To investigate hormonal and post-bout alterations in brain activ-
ity in K1 kickboxers (experimental group) compared to a control
group participating in a punchbag session simulating fight
conditions.

2. To evaluate relationships between hormonal profiles and brain
activity.

The findings here can enhance our understanding of neuroendo-
crine dynamics during kickboxing, thus providing a foundation for
therapeutic strategies and innovative corrective therapies.

In our study, based on previous scientific reports, we hypothe-
sized that depending on the type of stimulus (real fight or punch-
bag), there would be variation in the levels of the hormone indices
studied.

MATERIALS AND METHODS
Participants

The study involved 100 male professional kickboxers from Poland, all
competing in the K1 format. The mean age (years), body height (cm),
and body mass (kg) of participants in the research population were
26.06 = 4.9 (range: 18-35), 178.5+5.9 (range 165-189), and
77.3 8.8 (range: 61.4-94.1) respectively. Inclusion criteria were as
follows: a minimum of 5 years of training experience, absence of inju-
ries, up-to-date medical examinations, no history of severe knockouts,
a positive medical recommendation, and active participation in com-
petitions. Exclusion criteria included having less than 5 years of training
experience, conditions such as seizures or other neurological disorders,
presence of injuries, lack of participation in competitions, history of
severe knockouts, or a negative medical recommendation. The athletes
were randomly divided into two groups: the control group (n = 50) and
the experimental group (n = 50). The mean age (years), body height
(cm), and body mass (kg) of participants in the experimental group
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were 25.5+ 4.6 (range: 18-33), 179.3+6.1 (range 168-189), and
76.7 =10.0 (range: 61.4-94.1) respectively. The mean age (years),
body height (cm), and body mas (kg) of participants in the control group
were 26.6 +5.2 (range: 18-35), 177.7 = 5.6 (range 165-187), and
77.9+7.5 (range: 65.7-90.0) respectively. The sample size was de-
termined using G*power (confidence level 95%, margin of error 5%).
Each participant was assigned a unique identification number, and
group placement was determined through a random number generator.
All participants were informed in detail about the experimental procedure
and provided written consent to participate in the experiment. The study
was conducted according to the Declaration of Helsinki and approved
by the Ethics Committee of the University of Rzeszéw (protocol code
8/12/2021).

Methods

The athletes in the experimental group participated in simulated
sparring in the ring, organized for this research project according to
the K1 rules adopted by the World Association of Kickboxing Orga-
nizations (WAKO) [33]. The bout was divided into 3 rounds lasting
2 minutes each, with a one-minute break between rounds. The
athletes were divided by weight categories. The bouts were supervised
by a qualified and licensed judge. Twenty-five bouts were held over
the full duration of standard fighting time. The study of both groups
was conducted before noon. The control group athletes participated
in a punchbag training session that simulated the conditions of
a kickboxing match. The fatigue-focused session consisted of three
2-minute work periods (equivalent to K1 rounds) separated by a one-
minute break between them. The participant stood in a fighting
stance, directly in front of the punchbag at a fighting distance. Dur-
ing each period of work, following the command Start, the partici-
pant performed as many offensive combinations of K1 formula
techniques as possible, performed individually or in series. The focus
was on an intense effort. The command Stop marked the end of
a given work period and a one-minute break after the first and
second work periods. The simulation was developed on request. In
order to confirm the relevance of the intervention, participants were
measured for cardiovascular stress parameters (HR % = 182.67 = 5.9),
which indicated that it represented a test of very high-intensity ex-
ercise compared to a sports bout. The results obtained are similar
to literature data indicating that in trained athletes, intense exercise
based on hand-to-hand combat techniques results in an increase in
the minute heart rate ranging from 165 to 185 beats per minute [34].
Blood samples (1.5 ml each) were collected from the antecubital
vein of participants from both groups before the warm-up and 3 min-
utes after exercise. These procedures were performed by a qualified
nurse. Serum concentrations of testosterone and cortisol were eval-
uated based on the electrochemiluminescence method, using a CO-
BAS Integra 400 Plus analyser. Every batch of analysis included
control sera to gauge the precision of the measurements. The with-
in-series coefficient of variation (CV) for both hormones was 3.8%,
and the between-series CV was 4.2%. On the basis of T and C

concentration values, the anabolic-catabolic balance index was cal-
culated (T/C * 100).

QEEG Analysis

The QEEG method was used to identify the profile of brain wave
activity in the kickboxers before and after the experimental interven-
tion and to diagnose the relationship with hormonal pattern. Quan-
titative electroencephalography (QEEG) offers a numerical spectral
analysis of the EEG record. This process involves digitally coding the
data, followed by a statistical analysis using the Fourier transform
algorithm. Each examination, conducted individually, lasted roughly
10-15 minutes and comprised two phases: recording brainwave
activity with eyes closed (3 min) and with eyes open (3 min). The
amplitude and power of distinct frequencies were scrutinized. Based
on established norms for adults, a general rule was that the lower
the wave frequency was, the higher was its amplitude. Established
standard values were delta waves under 20 uV, theta under 15 uV,
alpha under 10 uV, and SMR, beta 1, and beta 2 in the range 4-10 uV.
The EEG signal was processed using a Cz montage with the Cz
electrode often employed as the primary reference. Quantification
was performed using Elmiko DigiTrack software (version 15 PL,
ELMIKO, Poland). Delta, theta, alpha, SMR, beta 1, and beta 2 waves
were recorded at nine electrode points: frontal (FzF3F4), central
(CzC3C4), and parietal (PzP3P4). The amplitude of QEEG rhythm
met the medical standards specified for the DigiTrack device. A sig-
nal spectrum reflects its frequency-dependent pattern. The fast Fou-
rier transform (FFT algorithm) was employed, yielding the function:
f(z2) = A(2) + j*F(2). FFT analysis utilized parameters such as a min-
imum signal amplitude of 0.5 uV and a minimum temporal gap
between individual peak values of 0.5 Hz. Analysis was performed
with a computation buffer of 8.2 s (2048 assessment points, ac-
curacy of 0.12 Hz). Consequently, an amplitude value set for each
segment of the frequency spectrum was generated. The gap between
individual values, measured in Hz, determined the computation
resolution. For the FFT algorithm, this parameter depends on the
signal sampling frequency and the computation buffer length: r =
fs/N, where ‘r’ is the computation resolution, fs’ is the signal sampling
frequency, and ‘N’ denotes the computation buffer length. The FFT
panel in DigiTrack displayed peak-to-peak amplitudes. Measurement
epochs of several seconds were used to ensure reliable results. The
duration of these epochs determined the frequency resolution of the
Fourier transform: a 1-second epoch translated into a 1 Hz resolution
(= 0.5 Hz), while a 4-second epoch yielded 0.25 Hz or + 0.125 Hz
resolution. Artefact removal from the EEG recording was performed
both manually and automatically. For the experimental group, the
initial test was executed before the warm-up, and the subsequent
test immediately after the K1 kickboxing match. Each bout con-
sisted of three 2-minute rounds interspersed with one-minute inter-
vals. For the control group, the baseline measurement was performed
before the warm-up, and the next one followed a simulated bout with
a punchbag, structured identically to that in the experimental
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group [30, 31, 35]. The results of the QEEG for open eyes are pre-
sented in this study since only these values showed statistically
significant correlations.

Statistical Analysis Methods

In the study’s data analysis, basic statistical methods were employed,
including the calculation of the arithmetic mean and standard de-
viation. Additionally, specialized statistical analyses were conducted,
such as relative to variables and the differentiation in brain activity
of the experimental group, diagnosed before and after intervention.
A one-way analysis of variance (ANOVA) with repeated measures
and a post-hoc Bonferroni test were used. For assessing the variation
in hormonal indicators, before and after the intervention in the stud-
ied groups, a two-way analysis of variance with repeated measures
(group * time) was utilized. Effect sizes for each time and group
factor were determined, followed by the application of the post-hoc
Bonferroni test for comparing variables between measurements and
between groups using an interaction layout. Linear correlation coef-
ficients were employed to evaluate the relationships between variables
(brain activity vs. hormonal indicators). The inference thresholds for
Pearson'’s correlation are as follows: 0.50-1.00 — strong correlation,
0.30-0.49 — moderate correlation, below 0.29 — low correlation. All
data analyses were conducted using STATISTICA software version
13.3. Statistical significance was established at a p-value of less
than 0.05.

RES U LT S 150
Table 1 presents the statistical characteristics of the studied hor-
monal indicators before and after the research intervention in both
groups, along with the results of the two-factor analysis of variance.
Intragroup comparison revealed a significant increase in post-exertion
cortisol concentrations in both research groups. An opposite trend
was observed regarding the T-to-C ratio. A significant decrease in
the value of the anabolic-catabolic index (T/C*100) was observed
in both research groups (Table 1). The post-exertion relative increase
in cortisol concentration in the experimental group (by 82%) was
over twice as high as that in the control group (by 35%). The value
of the anabolic-catabolic index decreased by 2.2 points in the ex-
perimental group (1.1 points in the control group). No significant
post-exertion changes in testosterone concentration were observed
in either group, but there was a slight decrease in this hormone’s
level in the experimental group by 9.5% and an increase in the
control group (by 7.9%).

Inter-group comparisons revealed no significant differences for
testosterone, cortisol, and the anabolic-catabolic index (T/C*100)
before exertion. Following the application of the intervention stimu-
lus, statistically significant intergroup differences in the studied hor-
monal parameters were found. In the experimental group, the C lev-
el was higher (by 20.8%), and lower values for T (by 31.5%) and
T/C*100 (by 44.4%) were noted compared to the corresponding pa-
rameters for the control group (Table 1).
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Table 2 shows the nature of the co-occurrence between selected
hormone parameters and parameters of brain electrical activity
(QEEQ), after the K1 bout in the experimental group. There was
a significant negative correlation between alpha frequency (Fz) and
T of moderate strength. A similar trend was noted between Beta
1 (P3) and C, with an inverse positive direction of correlation. Sig-
nificant and weak positive correlations were found between alpha
(P3), SMR (F3), beta 1 (F3), and C. Theta (C4) and alpha (Fz)
showed a similar profile of correlations with T/C, with a different
(negative) direction (see Table 2). In the experimental group, there
was a moderate yet close to the lower limit of strong negative corre-
lation between cortisol and testosterone levels after the K1 bout (r =
-0.47; p < 0.05). No such correlations were found in the control
group or the two study groups before exercise.

Table 3 displays the average values (for selected leads) of brain
electrical activity before and after the research intervention in the
experimental group, along with the results of the comparative anal-
ysis. The presented parameters played a significant role in the pre-
viously described significant relationships (Table 2). The compari-
son of means showed statistically significant differences for all
variables, where their activity markedly increased. The exception
was the alpha wave (lead Fz), whose amplitude increased slightly
by 4.5%.

DISCU'S'S 1O /N 1
Cortisol and testosterone responses to exercise depending on its
duration and intensity have been extensively described in the litera-
ture. Prolonged exercise, such as long-distance running [38-411] or
triathlon competitions [42], often leads to a significant increase in
cortisol levels and a decrease in testosterone levels. However, after
shorter maximal exercise, testosterone levels do not decrease and
they often increase, as do levels of luteinizing hormone (LH) [43, 441.
This suggests the stimulation of the hypothalamic-pituitary-gonadal
(HPG) axis. Evaluation of post-exercise testosterone changes should
focus not only on secretion but also on transient blood concentration.
This nuance can obscure the testosterone changes induced by secre-
tion, and researchers sometimes neglect this in their analyses. If the
focus is solely on immediate post-exercise androgenic activity in the
blood without considering the causes of changes in androgen con-
centration, the post-exercise haemoconcentration effect can be
missed. This effect can rise to several percent directly after supra-
maximal exercise [45].

Although a single competitive effort in combat sports lasts sever-
al minutes, it intensely activates both the HPA (hypothalamic-pitu-
itary-adrenal) and HPG (hypothalamic-pituitary-gonadal) axes, ele-
vating both cortisol and testosterone levels. However, contrary to
that rule, in our study, we observed a rise in cortisol only but not in
the androgen level after a 3-round fight. The control group, perform-
ing exercise of similar duration and intensity with a punchbag, showed
a smaller hormone increase, likely due to the absence or minimal
psycho-emotional component of the post-exercise stress. Although
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TABLE 1. Descriptive statistics and results of the two-factor analysis of variance for hormonal parameters in the control and experimental
groups.

Variable EXP CON Between interaction
T (nmol/l) Mean SD Mean SD groups Variable*time
Pre 13.7 2.7 15.1 3.9 p = 0.309 )
o Partial n° power
Post 12.4 2.4 16.3 5.0 p < 0.001
Between examination p = 0.456 p = 0.641
- : < 0.017 0.029 0.666
Time effect p = 0.907 partial n? < 0.001 power = 0.052
EXP CON Between interaction
C (nmol/1) . .
Mean SD Mean SD groups Variable*time
Pre 312.9 95.1 334.2 82.4 p = 1.000 Partial
p 5 power
Post 570.4 123.9 451.8 94.1 p < 0.001 n
Between examinations p < 0.001 p < 0.001 < 0.001 0. 111 0.998
Time effect p < 0.001 partial n 2 = 0.473 power = 1.000
EXP CON i i
7/c*100 Between |n.teract|<.)n
Mean SD Mean SD groups Variable*time
Pre 4.9 2.2 5.0 2.8 p = 0.073 Partial
p 5 power
Post 2.7 1.0 3.9 1.9 p = 0.001 n
Between examinations p < 0.001 p = 0.032
Time effect p < 0.001. partial n 2 = 0.174 power = 0.999 < 0.015 0.030 0.683

EXP — Experimental Group, Con — Control Group , T-Testosterone, C — Cortisol , SD — Standard Devotion, p — significance

TABLE 2. Correlations between testosterone levels, cortisol levels, the testosterone/cortisol ratio, and QEEG parameters after the fight
in the experimental group.

Testosterone, (nmol/l) Cortisol, (nmol/l) Testosterone/Cortisol

Parameter
r p r p r p
Theta 4 Hz-8 Hz (C4) -0.19 0.180 0.23 0.102 -0.28* 0.048
Alpha 8 Hz-12 Hz (F2) -0.30™ 0.034 0.15 0.303 -0.29* 0.043
Alpha 8 Hz-12 Hz (P3) 0.12 0.404 0.29" 0.038 -0.09 0.513
SMR 12 Hz-15 Hz (F3) 0.04 0.806 0.29* 0.040 -0.10 0.481
Betal 15 Hz-20 Hz (F3) 0.15 0.310 0.29* 0.039 -0.05 0.715
Betal 15 Hz-20 Hz (P3) 0.17 0.237 0.30** 0.034 -0.05 0.717

* — low correlation, ** — moderate correlation, C4 — right central electrode, Fz — central frontal electrode,
F3 — left frontal electrode

P3 - left occipital electrode,

TABLE 3. Results of One-way ANOVA and post-hoc Bonferroni test for selected QEEG electrodes (which demonstrated statistically
significant correlations) before and after the intervention in the experimental group.

Brain waves parameters Pre intervention  Post intervention p-value Partial 12 power
Theta 4 Hz-8 Hz (C4) 6.64=x1.21 7.21x1.26 0.016 0.058 0.680
Alpha 8 Hz-12 Hz (F2) 7.26x1.75 7.60x1.76 0.333 0.009 0.161
Alpha 8 Hz-12 Hz (P3) 7.756+£2.54 9.35+3.32 0.014 0.060 0.696
SMR 12 Hz-15 Hz (F3) 4.39+0.73 5.94+1.14 < 0.001 0.396 1.000
Betal 15 Hz-20 Hz (F3) 5.50+0.65 6.54+1.24 < 0.001 0.191 0.997
Betal 15 Hz-20 Hz (P3) 5.563+0.72 6.46+1.06 < 0.001 0.256 0.999

C4 - right central electrode, Fz — central frontal electrode, P3 — left occipital electrode, F3 — left frontal electrode
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this group performed a simulated fight, they did not receive any
blows. Other studies have also reported elevated cortisol levels fol-
lowing a real fight compared to contact-free exercise simulating a kick-
boxing bout [16]. The consistent cortisol levels between groups be-
fore the exercise suggest only minimal HPA axis activation before the
fight, which was not as demanding as official competitions. Espe-
cially noteworthy is the observed interaction between the two hor-
mones after the bout in the experimental group. A negative correla-
tion was found between cortisol and testosterone levels, due to the
inhibitory effect of elevated cortisol levels on the HPG axis in men.
This phenomenon occurs either when cortisol levels are particular-
ly high or for longer exposure durations, as corroborated by other
studies [8, 38-42, 46]. In the post-exercise recovery period follow-
ing two sequential exhaustive workouts, a significant negative cor-
relation between testosterone and cortisol was also observed [43].

In evaluating the physiological and metabolic changes induced
by cortisol, it is necessary to emphasize that most effects are attrib-
uted to the unbound cortisol fraction. This fraction, considered bio-
logically active, diffuses from the circulation into target cells and
comprises roughly 10-15% of the total hormone concentration. As
total cortisol concentration increases, the unbound fraction does as
well but not proportionally. A marked increase in free cortisol be-
comes evident when the total hormone concentration exceeds
500 nmol/I [44]. In our study, only 13 athletes from the control group
and 30 from the experimental group had post-exercise levels above
500 nmol/I. Perhaps the interaction between the hormones and the
shifts in brain electrical activity after a kickboxing match are more
influenced by the elevated concentration of the biologically active
fraction that permeates the blood-brain barrier than by the cumula-
tive cortisol concentration. This theory is consistent with the ob-
served positive post-bout correlations between cortisol and alpha
8-12 Hz (P3), betal 15-20 Hz (F3), and betal 15-20 Hz (P3) fre-
quencies in the experimental group. These findings are similar to
those described in a review article [45], suggesting the possibility
that either endogenous or exogenous cortisol stimulates regions of
the limbic system, including the amygdala, hippocampus, paraven-
tricular nucleus, and prefrontal cortex, and that shifts in delta and
beta wave amplitudes reflect the degree of stress induced by per-
ceived threats [47, 48]. Brain activity, especially in the pituitary-hy-
pothalamic area, can affect the regulation of sex hormones, includ-
ing testosterone. The brain controls the secretion of hormones by the
pituitary gland, which in turn controls the secretion of hormones by
the testes in men, including testosterone [49]. Stress, poor nutrition,
sleep deprivation, and other factors can affect the functioning of the
endocrine system, testosterone levels, and thus the brain waves.
A variety of meditation practices used by athletes before a fight, as-
sociated with alpha waves, can affect the body’s hormonal balance,
including levels of sex hormones such as testosterone. Exercises re-
lated to relaxation, meditation, and breathing techniques help ath-
letes reduce stress and tension. In a state of relaxation, an increase
in alpha waves in the brain can be observed [50].
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Available research also suggests that reducing stress levels and
stimulating alpha wave activity can affect overall hormonal bal-
ance, including levels of sex hormones such as testosterone. Re-
duced stress levels can help maintain hormonal balance. Sleep is
a key part of recovery, including hormonal recovery. Theta waves
are also associated with a certain stage of sleep. If sleep is dis-
turbed, a person experiences fluctuations within this wave, fol-
lowed by fluctuations in hormone levels. Sleep deprivation can lead
to lower testosterone levels. There is a link between cortisol levels
and brain wave activity, especially in terms of the body’s response
to stress [51]. During stressful situations, cortisol levels in the body
increase. Cortisol plays an important role in the stress response,
helping the body adapt to difficult situations. It affects many body
functions, including brain function. Brain wave activity can change
in response to stress. For example, in stressful situations, there
may be an increase in beta wave frequencies, which is associated
with a more alert state of mind. In general, there is a complex in-
teraction between cortisol and brainwave activity, but this depends
on many factors, including the type of stress, the duration of the
stress response, and individual variability [52]. Research in this
field is still ongoing, and understanding this interaction may con-
tribute to a better understanding of the body’s response to stress
and its impact on brain function.

Addressing the influence of kickboxing on brain electrical activi-
ty mandates consideration of EEG study results linked to laboratory
exercises devoid of head injury risk. Increases in alpha, theta, beta,
and gamma wave amplitudes following strength training have been
documented [53]. During progressively intense cycling on an ergom-
eter, alpha, theta, and beta wave activity across various brain regions
seemed to increase simultaneously [54]. Moreover, the extent of post-
exercise EEG alterations depends on individual exercise preferenc-
es [55]. Another investigation revealed that after acclimatizing to ex-
ercise over a training period, the peak frequency of alpha waves rose
only following exhaustive maximal exercise rather than moderate,
stable-intensity exercise without emotional arousal [56]. A few stud-
ies have concentrated on brain electrical activity in relation to andro-
gen status. It was reported that exogenous testosterone amplified af-
fective stress responses, notably in dominant males [57]. Interpreting
the negative correlation between alpha 8-12 Hz (Fz) and endoge-
nous testosterone is difficult without the analysis of bout outcomes
and psychological studies. This underlines the necessity for further
more comprehensive kickboxing research that includes psychologi-
cal assessment [58].

Limitations of the Study

The lack of research opportunities and activities regarding the diag-
nosis related to tournament fights means that the results of this study
may be limited to a certain extent. However, in light of the inevitable
limitations of our experimental design, we recruited a significant
number of elite K1 athletes, the procedures were carried out accord-
ing to a strict protocol, and the results are scientifically valid. To
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capture the multifaceted clinical context, future research should
consider making comparisons between other populations, such as
athletes of other combat sports, non-athletes, and groups of female
athletes.

CONCLU SIOIN S /50—

1. Both study groups showed significant psychophysiological stress
following the application of the experimental stimulus, resulting
in strong activation of the HPA axis and noticeable changes in
blood testosterone levels.

2. Post-intervention comparative analysis showed significantly high-
er cortisol levels and a significantly lower T/C ratio for the exper-
imental group performing real bouts.

3. When confronted with an opponent (simulated sparring), there
was a significantly negative correlation between cortisol and tes-
tosterone levels in the experimental group.

4. Simulated K1 sparring in the experimental group resulted in a sig-
nificant increase in brainwave activity.

5. Inthe immediate recovery phase for the experimental group, there
were statistically significant correlations between cortisol and

selected indices of brain electrical activity. Such associations did
not occur after equivalent non-contact exercise.

Practical Implications

The results of the study inspire further research on the relationship
of a kickboxing bout with selected brain bioelectrical indices, hor-
monal activity, and hormonal-neurophysiological interactions in ath-
letes. The results of these observations can also affect the program-
ming of the training process and significantly affect the modification
of regulations in combat sports, emphasizing the safety of participants
and enhancing health protection measures.
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