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Abstract

Purpose. To study the characteristic features of overtraining syndrome (OTS) in bodybuilding in ath-
letes with different resistance levels and to identify informative blood biomarkers to diagnose
disadaptation.

Material & Methods. 90 people aged 22+1.3 years, with experience in strength training of 3.2+0.5
years, were examined. 3 groups (30 people each) were created. Group A — bodybuilders who,
according to the medical examination results, had no contraindications (HBM). Group B -
bodybuilders with symptoms of functional exhaustion (BFE). Group C - healthy men engaged
in power fitness (HMF). By analyzing biochemical blood markers (CPK, LDH, cortisol, and tes-
tosterone), the characteristics of adaptive and compensatory responses to test exertions were
identified (R,=0.64 and R ,=0.74). Control was carried out at the beginning of the study and
after 14 days of high-intensity strength training (HIRT).

Results. The study showed that the baseline levels of the monitored biochemical blood parameters in
HBM, BFE, and HMF participants were within the normal reference range. Despite the growth
of the baseline level of CPK, LDH, and cortisol in the blood in bodybuilders of the HBM and BFE
groups after two weeks of using HIRT, the values remained within the reference range. The
determination of functional overreaching (FOR) in the HBM and HMF groups was made pos-
sible through the analysis of results showing a 50-53% increase in CPK and a 23-26% rise in
cortisol levels in response to high-intensity loads (R,=0.74). Based on the analysis of changes
in LDH and cortisol levels in the blood in response to strength loads, it was possible to detect
non-functional overreaching (NFOR) in BFE, HBM, and HMF groups. In individuals diagnosed
with NFOR, even in response to loads under conditions of the creatine phosphokinase energy
supply mechanism, there is a significant increase in LDH (30-47%) and cortisol (75-107%).
In response to test loads, regardless of their intensity or type of anaerobic energy supply,
there was a simultaneous increase in CPK (143-173%), LDH (66-92%), and a decrease in
cortisol (46-54%) in BFI individuals suspected of having OTS.
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Conclusions. The proposed mechanism for identifying FOR, NFOR, and OTS during bodybuilding
training, based on evaluating the nature of changes in the body’s adaptive-compensatory re-
sponses to a stress stimulus, is a tool for monitoring disadaptation. The results indicate that,
for diagnosing OTS in HBM, BFE, and HMF athletes, the baseline levels of CPK, LDH, cortisol,
and testosterone in the blood are not informative biomarkers. Using test loads (R,=0.64 and
R ,=0.74) as stress stimuli for the HBM, BFE, and HMF groups allows for identifying short-term
adaptation or compensatory response manifestations based on the acute response of blood

biomarkers.

Keywords: overtraining syndrome, bodybuilding, disadaptation, biochemical blood parameters, en-

ergy supply, load.

Introduction

In modern sports, issues related to disadap-
tation and overtraining resulting from excessive
training loads combined with insufficient recov-
ery periods are among the most debated scien-
tific topics (Grandou et al., 2020; Carrard et al.,
2022). However, the main challenge in practical
implementation lies in the absence of an optimal
assessment system for identifying overtraining
syndrome (OTS) using modern physiological and
biochemical diagnostic methods (Kajaia et al.,
2021; Soler-Lopez et al., 2024). Most research-
ers (Carfagno et al., 2014; Symons et al., 2023)
consider that OTS, as well as functional (FOR) and
non-functional overreaching (NFOR), are mani-
festations of reduced performance capacity due to
a breakdown in adaptation, associated with meta-
bolic, immune, and hormonal dysfunctions. How-
ever, it is important to consider that the develop-
ment of OTS is not only related to the mismatch
between training loads and the body’s adaptive
reserves, but also the lack of an effective train-
ing management system (Olkhovyi et al., 2016;
Cadegiani et al., 2019; Annunziata et al., 2024).

Considerable attention is devoted to study-
ing the feasibility of using biomarkers as indica-
tors for assessing manifestations of disadaptation
processes in various sports disciplines (Cadegiani
et al., 2021; Weakley et al., 2022). However, the
complexity of using these biomarkers as unified
markers for evaluating OTS is justified by the spe-
cifics of the sport, the training period, and the
athletes’ level of resistance to training loads (Olk-
hovyi et al., 2020; Cheng et al., 2020; Cherno-
zub et al., 2020). In investigating the nature of
adaptive-compensatory responses under condi-
tions of high-intensity resistance training (HIRT)
and low-intensity blood flow restriction training
(LI-BFR), a significant number of researchers em-
ploy biochemical blood markers (Grandou et al.,
2020; Chernozub et al., 2023). In most cases,
they monitor enzyme activity indicators (CPK,
LDH, AST, ALT) and hormone concentrations (cor-
tisol, testosterone, insulin, somatotropin) during
training and competition activities (Silva et al.,
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2022). However, the majority of studies (Tian et
al., 2015; Klymovych et al., 2020; Younger, 2025)
focus on short-term and long-term adaptation
processes in the context of improving training
systems. At the same time, insufficient attention
is given to diagnosing disadaptation processes,
studying their main mechanisms, searching for
informative control markers, and developing ef-
fective re-adaptation models.

Purpose of the Study. To study the character-
istic features of overtraining syndrome (OTS) in
bodybuilding in athletes with different resistance
levels and to identify informative blood biomark-
ers to diagnose disadaptation.

Material and Methods
Participants

The study involved 60 bodybuilders and 30
men engaged in power fitness. The participants
had almost identical ages (22+1.3 years), train-
ing experience (3.2+0.5 years), body weight
(85.5+2.2 kg), body fat percentage (15.7+1.1%),
and strength capabilities (1RM) in basic exercises.
The participants were divided into three groups
(30 individuals in each group). Group A consisted
of bodybuilders who had no contraindications for
participation in the study according to the results
of a preliminary medical examination (HBM -
healthy bodybuilders-men). Group B included
athletes who, during a series of previous train-
ing sessions, exhibited symptoms of functional
exhaustion, but after a comprehensive medical
examination, it was determined that there were
no deviations from reference values (BFE - body-
builders with functional exhaustion). Group C was
composed of physically healthy men engaged in
strength fitness (HMF - healthy men engaged in
fitness). The study was conducted in 2024 at the
KINEZUS Modern Kinesiology Research Center
and its branches (Uzhhorod, Odesa, Chernivtsi,
Mykolaiv, Rivne, Ukraine). The ethics committee
of the Lesya Ukrainka Volyn National University,
Ukraine, approved the study design. After ex-
plaining the risks and benefits of the study, partic-
ipants signed an informed consent form prepared

© 2025 Koval et al.
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following the ethical standards of the Declaration
of Helsinki.

Measurements

Biochemical blood markers

The activity of the lactate dehydrogenase
(LDH) and creatine phosphokinase (CPK) in the
blood serum of study participants was determined
using the kinetic method on equipment from High
Technology Inc. (USA) with the PRESTIGE 24i
LQ LDH reagent kit (Poland). The concentration
of steroid hormones, cortisol and testosterone,
in the blood serum of the study participants was
measured by enzyme-linked immunosorbent as-
say (ELISA) using the SteroidIFA-testosterone re-
agent kit on equipment from Alkor Bio. The refer-
ence values for the studied biochemical markers
in blood serum are as follows: CPK (40-270 U/L),
LDH (195-462 U/L), cortisol (150-660 nmol/L),
and testosterone (8.64-29.01 nmol/L). Blood
sampling was performed by a medical profession-
al following the internationally accepted standards
for medical and biological research (Tietz, Finley
& Pruden, 1995) in designated areas of sports
clubs and gyms. The results obtained after test
loads were sent to medical laboratories in special
refrigerated boxes to preserve the blood serum.
The study determined the baseline level (before
load) of the controlled biochemical blood markers
and monitored their changes after completing the
proposed test load. The total number of biochemi-
cal samples during the study was 720 units.

Research Design

The research was conducted in several stages
during 2024.

At the first stage, the medical records of the
examined contingent were analyzed. The avail-
able protocols of biochemical blood tests con-
ducted in medical institutions during the previous
examinations of the participants were analyzed.
The results allowed us to assess the initial adap-
tation reserves level of the examined people and
possible manifestations of disadaptation. After
analyzing the research results of leading scien-
tists (Carrard et al., 2022; Weakley et al., 2022),
key issues in the diagnostic system for overtrain-
ing against the background of pronounced mal-
adaptive processes were identified. One of the
approaches to addressing this issue is the iden-
tification of the main structural characteristics of
the diagnostic system for states of overreaching
and overtraining in bodybuilding (Fig. 1).

It is crucial to identify reliable biomarkers for
evaluating disadaptation and recovery processes
during functional overreaching (FOR), non-func-
tional overreaching (NFOR), and overtraining syn-
drome (OTS).

To implement this approach in practice, a re-
search algorithm was developed to identify po-

© 2025 Koval et al.

tential states of overreaching and overtraining in
bodybuilding. This algorithm is based on analyz-
ing the dynamics of the body’s adaptive-compen-
satory responses to stress stimuli (Fig. 2).

At the second stage, two test loads were de-
veloped to achieve the set goal. Each test load
had a classic bodybuilding training model based
on the variable combination of appropriate meth-
ods, principles, and tools.

During test task 1, a high-intensity strength
training mode (R, = 0.74) was used in combination
with the creatine-phosphate mechanism for ATP
resynthesis (Chernozub et al., 2020). The training
lasted 24-25 minutes. In test task 2, a moderate-
intensity strength training mode (R,=0.65) was
used, with anaerobic glycolysis as the primary
mechanism for ATP resynthesis (Chernozub et al.,
2023; Potop et al., 2023). The training was 28-30
minutes.

Using biochemical research methods, the
baseline levels of LDH and CPK activity, and cor-
tisol and testosterone concentrations in the blood
serum of study participants from all three groups,
were determined at the beginning of the study.
The changes in the studied blood biomarkers in
response to test tasks 1 and 2 were analyzed to
assess the body’s resistance to strength loads of
varying intensity.

Each group of study participants was divid-
ed into subgroups, comparing the baseline bio-
chemical blood indicators with those recorded in
response to acute load during the test tasks. The
rationale for this distribution was based on the
identified nature of adaptive-compensatory re-
sponses to acute stress stimuli and their compari-
son with the findings of other researchers (Kajaia
et al., 2021; Soler-Lopez et al., 2024.

Thus, subgroup 1 (1s) included participants
whose biochemical blood marker changes in re-
sponse to the test tasks indicated symptoms of a
functional overreaching (FOR) state. Those whose
biomarker parameters after acute load pointed
to a state of non-functional overreaching (NFOR)
formed subgroup 2 (2s). Subgroup 3 (3s) con-
sisted of men whose biochemical responses to the
test tasks reflected signs of disadaptation, indicat-
ing the presence of overtraining syndrome (OTS).

At the third stage, the features of possible
manifestations of short-term adaptation process-
es or acute compensatory body reactions of the
study participants were studied during 14 days
of high-intensity resistance training (HIRT). HIRT
in structure resembles the classic bodybuilding
training model with a high-intensity and low-vol-
ume strength training regime (R ,=0.72) (Cherno-
zub et al., 2020). At the same time, the energy
supply of muscle activity occurs mainly due to the
creatine phosphokinase mechanism of ATP resyn-
thesis and partially anaerobic glycolysis in case of
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depletion of creatine phosphate energy reserves
(Cadegiani et al., 2021).

After 14 days of using HIRT in combination
with a R ,=0.72 load regime, we studied the base-
line level of LDH and CPK activity, the concen-
tration of cortisol and testosterone in the blood
serum of participants of all three groups. A com-
parative analysis of changes in the parameters of
the baseline level of controlled biomarkers was
conducted during all stages of the study. The fea-

tures of changes in the studied blood biomark-
ers in response to test tasks 1 and 2 were also
determined. Participants in each group were di-
vided into subgroups using the same method as
at the start of the study, by analyzing the pat-
terns of their adaptive-compensatory responses
to an acute stress stimulus. A comparative analy-
sis of the dynamics of blood biomarkers of the
participants was carried out during all stages of
the study. The results were processed.

Types of bodybuilders’ conditions

A

resulting from adaptation breakdown ~a
L 2
Functional Non-Functional Overtraining
Overreaching (FOR) Overreaching (NFOR) Syndrome (OTS)
¥ A 4 ¥
General Characteristics: General Characteristics: General Characteristics:

A short-term (3-12 days) decrease in
performance associated with acute
overreaching (OR) due to increased
strength training loads with high
volume and intensity, accompanied by
pronounced short-term adaptation
processes during the recovery period

A short-term decrease in performance
(3-4 weeks) on the background of OR,
due to strength training regimens with
high volume and intensity, but without
an increase in the body’s adaptive
reserves due to inadequate recovery

A long-term (months or even years)
decrease in performance associated
with an imbalance between training
loads and recovery; may be
accompanied by or occur without
psychological and physiological signs
or symptoms of maladaptation.

and readaptation in FOR, NFOR, OTS
el conditions in bodybuilders S
Electromyography
Indicators ‘/ \
¥ Heart Rate Variability | | Bioimpedance Analysis

Motor response; (HRV) Indicators Indicators
MUNIX (motor unit (body composition)
number index); ¥ ¥
MUSIX (motor unit
size indeg) Spectral analysis: Fat-Free Mass (F“FM)= kg;

VLE, LF, HF, LFHF | | Fat Mass (FM), %, kg,
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— Dysfunctions that complicate the diagnosis)
ocalized or . oo
wbelinical -— of FOR, NFOR, OTS conditions: — Pronc‘)il;ljrslgzgcltlic:)rrllt;onal
diffuse inflammation / \ -
Sleep / l \ Psychiatric
disturbances Heart Mo o conditions
diseases Autoimmune disorders
disease:

Markers for assessing disadaptation

Biochemical blood
analysis indicators

¥

creatine kinase,

lactate dehydrogenase,
creatinine, cortisol,
somatotropin, insulin,
testosterone, estradiol

-

Stages of monitoring FOR, NFOR, OTS
manifestations in athletes during training

-

Before the development of
training models using various
load regimes in combination
with the corresponding set
of exercises

/

\

After a short period
(up to 14 days) of using

¥

Purpose: to determine the
baseline level of the body’s
adaptive reserves and
resistance to a given stressful
stimulus under acute load
conditions

Figure 1. Key structural components of the diagnostic system for identifying overreaching states

proposed training models

At the first signs
of functional fatigue and

Every 4-5 weeks training
regimes must be adjusted
due to the absence of
long-term adaptation

the need to reduce

¥

training intensity

¥

¥

Purpose: to determine the nature
of adaptive-compensatory
responses to acute load under
given conditions for assessing
the effectiveness of short-term
adaptation

Purpose: to determine the
energy resource deficit
under load conditions within

Purpose: to monitor
disadaptation resulting
from chronic
manifestations of
compensatory responses
to the stimulus

the creatine phosphate and
anaerobic glycolysis energy
supply systems

(FOR, NFOR) and overtraining syndrome (OTS) in bodybuilders during disadaptation.
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Statistical Analysis

Statistical analysis of the research data was
conducted using the IBM *SPSS* Statistics 26
software package (StatSoft Inc., USA). The G-
Power 3.1.96 program (Germany) was used to
calculate the minimum required sample size by
assessing statistical power. Nonparametric sta-
tistical methods were applied to determine the
median (Me) and interquartile range (IQR). The
Kruskal-Wallis H test was employed to compare

\4r

baseline parameters across the three subject
groups, while the Wilcoxon signed-rank test was
used to analyze differences between two related
samples.

Results

Fig. 1 presents the scheme we developed,
which reveals the main structural characteristics
of the system for diagnosing overreaching and
overtraining in bodybuilding athletes during dis-

Groups of Participants

S

Bodybuilders at the stage
of specialized basic
training (HBM)

Bodybuilders with
symptoms of functional
exhaustion (BFE)

Physically healthy individuals
engaged in strength fitness
for 3 years(HMF)

Before high-intensity
resistance training (HIRT)

"4

Test Lo
v

&

1

¢
o S~

After 14 days of HIRT
combined with a loading
regime of Ra=0.72

Test loads at each
stage of the study
\

Test Load 2
¥

General characteristics: The classical
bodybuilding training model is used

mode (Ra= 0.74) combined with the creatine
phosphate energy supply mechanism; the session
duration is 24-25 minutes

(a combination of tools, principles, and methods);
each set involves a high-intensity strength loading

Heart Rate Variability
(HRV) Indicators

»  w

-VLE%
LF%
HE%

of the body to stimuli

-LF/HF

Baseline
level

In response
to test load

General characteristics: The classical bodybuilding
training model is used (a combination of tools,
principles, and methods); each set involves a
moderate-intensity strength loading mode

(Ra= 0.65) and anaerobic glycolysis as the energy
supply mechanism; the session duration is

28-30 minutes

¥ Markers for assessing
adaptive-compensatory reactions

N

Blood Biochemistry
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®©  w

In response
to test load

-CPK,

-LDH
-Cortisol
-Testosterone
-Creatinine
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¥ Mechanism for adjusting HIRT

under conditions

Modification of key
structural components

requiring readaptation

Modification of
the sequence

T

of loading regimes

used during HIRT

muscle activity during

of specific muscle
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Figure 2. Organization of research on the determination of overreaching states (FOR, NFOR) and
overtraining syndrome (OTS) in bodybuilding based on the assessment of changes in the adaptive and

HIRT, taking into account
the level of adaptive

compensatory reactions of the body to stressful stimuli.
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adaptation.

One of the most controversial and at the same
time unresolved issues in the system of training
athletes is the lack of clear boundaries of the tran-
sition from the state of overexertion to overtrain-
ing, due to the failure of adaptation during train-
ing. (Cadegiani et al., 2019). It is known that the
consequences of the failure of adaptation are the
manifestations of functional (FOR) and non-func-
tional overreaching (NFOR), and overtraining syn-
drome (OTS) (Carfagno et al., 2014; Symons et
al., 2023). However, despite the detailed charac-
teristics of the manifestation of the FOR state and
its possible consequences (Kajaia et al., 2021),
the views of leading scientists regarding the clear
criteria for the difference between the NFOR and
OTS states have a large discrepancy. The problem
is that in a state of non-functional overreaching,
even under conditions of stabilization of the body's
systems during the recovery period of 3-4 weeks,
the activity of increasing reserves for short-term
adaptation is not observed (Silva et al., 2022). At
the same time, against the background of over-
training syndrome, we can continue to record
disadaptation processes even under conditions of
reducing the parameters of the volume and inten-
sity of the load (Chernozub et al., 2024). A short-
term decrease in working capacity, which is one
of the consequences of the failure of adaptation,
is not the key factor in the difference between
the FOR and NFOR states. Only the possibility of
a pronounced increase in adaptive reserves (su-
percompensation) during the recovery period is
a reflection of the state of functional overstrain
(positive overtraining) (Weakley et al., 2022).

The described manifestations of disadapta-
tion can be a consequence of the imbalance be-
tween training loads and recovery, or the influ-
ence of other stressful stimuli on the body. Pro-
nounced hormonal dysfunctions, autoimmune
diseases, psychiatric conditions, heart and lung
diseases are among the wide range of key dys-
functions that complicate the diagnosis of FOR,
NFOR, and OTS (Cadegiani et al., 2019). Accord-
ingly, these circumstances complicate the solution
of the problem associated with the definition of
clear markers for assessing disadaptation and re-
adaptation of athletes in such states of overstrain
and overtraining. It is known that in sports activi-
ties, a wide range of physiological and biochemi-
cal markers are used to assess the adaptive and
compensatory reactions of the body in response
to physical loads of various nature (Chernozub et
al., 2020). In conditions of pronounced disadap-
tation and during the period of readaptation of
athletes, in most cases, indicators of biochemical
blood analysis (creatine kinase, lactate dehydro-
genase, testosterone, cortisol), heart rate vari-
ability (VLF, LF, HF, LF/HF), electromyography (M-
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response, Munix, Musix), and bioimpedancemetry
(BIM, JM, AKM) are the most informative markers
for assessing FOR, NFOR, and OTS states. Howev-
er, a substantiated system, based on fundamental
research of using physiological and biochemical
markers that characterize a particular state of
stress or overtraining in bodybuilding, does not
currently exist. This problem is relevant both in
conditions of disadaptation and during control of
readaptation processes, which requires scientists
to conduct in-depth research.

Fig. 2 presents the organization of research
on the determination of overreaching states (FOR,
NFOR) and overtraining syndrome (OTS) in body-
building based on the assessment of the nature of
changes in the adaptive and compensatory reac-
tions of the body to a stressful stimulus. One of
the key features of the organization of this re-
search was the use of clear patterns between the
selection of the contingent, test loads, and a com-
plex of biomarkers for monitoring adaptation or
possible disadaptation. It was assumed that the
results obtained may allow a more in-depth study
of the problem of finding informative biomarkers
for diagnosing disadaptation in bodybuilding and
manifestations of FOR, NFOR, and OTS states.

Table 1 presents the changes in the studied
biochemical blood parameters of the participants
of the examined groups under test loads before
high-intensity resistance training (HIRT).

The results of the baseline level of controlled
blood biomarkers, recorded in representatives of
all three groups and detected at the beginning of
the study, correspond to the reference values. It
was established that groups A and C detected no
significant difference in the baseline level of the
studied blood parameters. At the same time, in
representatives of group B, the initial parameters
of creatine phosphokinase, lactate dehydroge-
nase, and cortisol in blood serum exceeded the
results recorded in the examined groups A and C
by 31.6%.

After test load 1, the studied blood biomark-
ers demonstrate different changes in each group.
Depending on the characteristics of the adap-
tive and compensatory reactions to the stimulus,
based on the analysis of changes in the studied
blood parameters, the groups of participants
were divided into subgroups (1s, 2s, 3s). We ob-
served an increase in CPK (+57.4%) and cortisol
(+26.5%) in the absence of changes in LDH in the
blood in representatives of subgroups A's and C*s
in response to test load. In B*s athletes, LDH ac-
tivity in the blood increased (+10.2%) against the
background of a less noticeable increase in CPK
(+21.5%) and cortisol (+11.2%) in blood serum.
In participants of subgroups A% and C?, there was
a minimal increase in CPK activity (+4.8%), but
LDH (+30.9%) and cortisol (+67.9%) parameters

© 2025 Koval et al.
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Table 1. Results of changes in the studied biochemical blood parameters of the participants of the
examined groups under test load conditions before using high-intensity strength training (median,

IQR), n=90
Biochemical blood parameters
Groups of -
participants CPK LDH Cortisol Testosterone
(U/L) (U/L) (nmol/L) (nmol/L)
Baseline (before load)
A (HBM) 56.83 (3.04) 233.14 (12.64) 193.21 (14.07) 13.67 (1.23)
B (BFE) 73.03 (4.12) 266.09 (17.22) 269.41 (19.32) 15.55 (1.21)
C (HMF) 51.26 (2.99) 241.52 (15.78) 187.94 (15.62) 16.43 (1.06)
After test load 1
A Als 89.41 (4.78)* 239.52 (13.28) 244.56 (16.24)* 18.07 (1.51)*
Az 59.12 (4.11) 322.22 (20.24)* 339.81 (24.27)* 13.64 (1.11)
Bts 88.75 (4.92)* 293.22 (16.88) 299.66 (19.88)* 16.85 (1.42)*
B B2s 72.95 (5.22) 366.58 (29.91)* 559.41 (48.62)* 15.01 (1.19)
B3s 199.41 (9.88)* 481.76 (37.44)* 144.25 (10.64)* 15.44 (1.22)
c Cts 80.86 (4.57) 239.59 (16.08) 237.98 (13.71)* 17.23 (1.26)*
C? 54.13 (3.05) 298.82 (18.98)* 301.04 (25.14)* 16.89 (1.42)*
After test load 2
A Als 67.54 (4.33)* 286.11 (20.24)* 242.92 (14.72)* 16.11 (1.31)*
A% 55.24 (3.21) 402.09 (30.71)* 176.29 (9.01)* 13.72 (1.08)
B B2s 74.61 (4.74) 433.42 (33.22)* 234.11 (13.25)* 15.53 (1.22)
B3s 178.04 (8.56)* 512.86 (36.52)* 143.05 (11.24)* 18.37 (1.46)*
c Cts 60.87 (3.45)* 341.31 (29.43)* 271.01 (19.35)* 17.59 (1.33)*
C? 50.86 (3.05) 433.52 (32.07)* 163.55 (11.02)* 16.51 (1.22)

Notes: 1s — 1 subgroup; 2s — 2 subgroup; 3s — 3 subgroup; * p< .05 - comparing with the results before

the load at rest.

in the blood after test load increased significantly.
The greatest increase in cortisol (+107.6%) and
LDH (+37.7 %) in the blood in the absence of CPK
changes was found in B2 athletes. The changes in
B3s were completely different from the results of
other subgroups. Thus, in representatives of B3,
CPK indicators increased by 2.7 times and LDH
parameters by 81.0%, and the cortisol concentra-
tion in blood serum decreased by 46.4%.

The analysis of results following test load 2
revealed varying shifts in the biochemical blood
markers across the examined subgroups. A's
and C!s athletes had an identical increase in CPK
(+18.8%) in the blood in response to the test
load. However, the increase in cortisol (+44.2%)
and LDH (+41.3%) in the blood, detected in sub-
group C's, almost doubled the results of A'spartic-
ipants. Taking into account the nature of adaptive
and compensatory reactions to the stimulus in
subgroup B!s participants, they were divided into
subgroups B2 and B?s. Participants in the A%, B2,
and C? subgroups exhibited a comparable rise in
LDH levels (+71.5%) and a reduction in cortisol
(-11.5%), while CPK activity remained largely
unchanged. B3 athletes showed almost identical
changes in the values of blood biomarkers ob-

© 2025 Koval et al.

served in response to test load 1. At the same
time, representatives of A!s and B increased tes-
tosterone concentration by an average of 17.9%
in response to test load 2.

Table 2 presents changes in the studied bio-
chemical blood parameters of the participants of
the examined groups under test loads after 14
days of high-intensity resistance training (HIRT).

The results of the baseline level of the studied
blood biomarkers in the participants of all three
groups, detected after 14 days of HIRT use, re-
mained within the reference values. The com-
parative analysis performed at the initial and fi-
nal phases of the study revealed a notable rise in
CPK levels (group A by 5.8%, group B by 8.4%),
LDH levels (group A by 3.6%, group B by 17.5%),
and cortisol levels (group A by 14.4%, group B
by 17.3%). No significant changes were detected
in the representatives of group C. However, the
alterations in baseline blood biomarker levels do
not allow for a clear determination of FOR, NFOR,
or OTS status.

The results presented in Table 2 indicate that
in response to test load 1, representatives of sub-
groups A's and C's had almost identical changes
in blood biomarkers with those at the beginning

114



PHYSICAL REHABILITATION AND RECREATIONAL HEALTH TECHNOLOGIES

ISSN (print) 2522-1906, ISSN (online) 2522-1914

Vol. 10 No. 2, 2025

Table 2. Changes in the studied biochemical blood parameters of the participants of the examined

groups under test load after 14 days of high-intensity strength training (median, IQR), n=90

Biochemical blood parameters

Groups of .

participants CPK LDH Cortisol Testosterone
(U/L) (u/L) (nmol/L) (nmol/L)
Baseline level (before load)
A (HBM) 60.13 (3.56) 241.56 (12.79) 221.17 (17.27) 12.33 (0.87)
B (BFE) 79.23 (5.01) 312.76 (21.25) 316.18 (22.39) 15.43 (1.01)
C (HMF) 52.27 (2.78) 250.28 (18.93) 196.27 (16.92) 16.27 (1.03)
After test load 1
A Als 90.32 (7.11)* 240.14 (14.64) 270.68 (17.79)* 17.69 (1.35)*
A% 62.68 (3.41)* 356.17 (23.19)* 369.53 (23.11)* 12.14 (0.78)
B B2 78.65 (4.98) 456.12 (34.02)* 587.34 (43.55)* 14.89 (1.02)
B3s 200.68 (13.93)* 549.22 (41.42)* 169.62 (11.34)* 15.03 (1.16)
c Cts 62.77 (3.33)* 247.71 (15.23) 235.17 (16.95)* 16.01 (1.13)
C* 53.03 (2.95) 350.68 (20.77)* 378.09 (29.52)* 15.77 (1.02)
After test load 2

A Ats 75.24 (4.21)* 273.15 (16.67)* 278.64 (18.39)* 16.25 (1.05)*
A% 62.19 (3.41) 408.77 (36.09)* 162.49 (12.01)* 12.47 (0.77)
B B2 81.04 (5.18) 449.14 (33.32)* 159.78 (11.65)* 15.22 (1.01)
B3s 193.62 (14.03)* 520.17 (45.49)* 142.66 (12.33)* 14.96 (0.86)*
Cts 61.91 (4.11)* 335.14 (22.22)* 285.85 (18.35)* 18.23 (1.33)*
C C* 51.89 (3.55) 410.64 (35.07)* 356.17 (24.12)* 15.65 (1.12)
C3s 122.14 (9.95)* 488.27 (33.27)* 160.93 (11.92)* 16.01 (1.14)

Notes: 1s — 1 subgroup; 2s — 2 subgroup; 3s — 3 subgroup; * p< .05 - comparing with the results before

the load at rest.

of the study (Table 1). The only exception is the
parameters of CPK activity in blood serum, which,
after 14 days of HIRT, demonstrated a twofold
smaller increase in response to a physical stimu-
lus. At this stage of the study, no athletes in group
B could be attributed to subgroup B¢ based on the
results of changes in blood biochemical indicators
in response to proposed loads. Among partici-
pants of subgroups A%, B?5, and C?, several dis-
crepancies were found regarding the features of
changes in the studied blood biochemical indica-
tors in response to test load 1. Thus, the smallest
increase in blood cortisol (+67.1%) in response
to a stimulus was observed in A% athletes, and
the largest (+92.6%) in C?representatives. How-
ever, an almost identical increase in LDH activity
in the blood by an average of 44.4% was recorded
among all representatives of the other subgroups.
CPK activity in the blood of A% athletes increased
by 4.2%. B2 and C? representatives showed no
changes. In response to a stressful stimulus,
changes in CPK parameters (+153.2%), LDH
(+75.6%), and cortisol (-10.8%) in B3 athletes
significantly differ from the results of other sub-
groups.

The results following test load 2 showed that,
even within the same subgroup, the monitored
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indicators varied in their responses. Thus, the in-
crease in cortisol (+25.9%) and LDH (+13.1%)
in the blood in response to the load, in A's ath-
letes, was almost two times less than the results
of C!. The testosterone parameters in the blood
of A!s representatives increased (+31.8%), but
the results obtained are 2.6 times higher than
the changes recorded in C!s participants. In re-
sponse to a stressful stimulus, A%, B?, and C?*
representatives significantly increased LDH in the
blood (+58.8%). The indicator of cortisol con-
centration decreased in the blood of A% athletes
(-26.5%), B2p (-49.4%), and increased in the
blood of C? representatives (+87.2%). Athletes
of A% significantly increased CPK activity in the
blood (+3.4%) after the test load, compared
with the results of B? and C?. The changes in
the studied blood biomarkers in representatives
of the third subgroup (B* and C3*) demonstrated
a similar trend. Thus, some biochemical indicators
increased among representatives of C* (LDH +
95.0%; CPK + 133.6%) and B3 athletes (LDH +
66.3%; CPK + 144.3%). However, the reduction
in blood cortisol levels in B3 athletes after the test
load was 54.9%, making it 3.5 times greater than
the decrease observed in C3s participants.

© 2025 Koval et al.
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Discussion

This paper presents a study of overtraining
syndrome in bodybuilding and the search for in-
formative biomarkers for diagnosing disadapta-
tion. The features of implementing short-term
adaptation and manifestations of compensatory
reactions of the body of athletes with different
states of overexertion and possible overtraining
under conditions of loads of various volumes and
intensities were studied (Chernozub et al., 2023).
The primary challenge in the study was identi-
fying the optimal set of blood biomarkers that
could reliably indicate a state of overreaching in
bodybuilders or help diagnose OTS (Annunziata
et al.,, 2024). The need to use the baseline lev-
el of biochemical blood indicators as informative
criteria for assessing NFOR and OTS remains a
rather controversial issue (Grandou et al., 2021).
However, the study investigated the baseline level
of CPK, LDH, testosterone, and cortisol in blood
serum and changes in their parameters in re-
sponse to an acute stressful stimulus and during
HIRT. The practicality of implementing test tasks
with varying power load regimes (R,=0.67-0.74),
grounded in the energy supply mechanism, was
evaluated to assess body system function under
conditions of disadaptation. The main structural
characteristics of the diagnostic system for over-
reaching (FOR, NFOR) and overtraining syndrome
(OTS) in bodybuilders during the maladaptation
process were modeled.

The results indicate that the baseline level of
controlled biochemical blood parameters of the
HBM (group A), BFE (group B), and HMF (group
C) participants remained within the reference val-
ues. Although there was a tendency for elevated
baseline levels of CPK, LDH, and cortisol in the
blood of bodybuilders from the HBM and BFE
groups after two weeks of HIRT, the values re-
mained within reference ranges. The absence of
changes in the baseline level of blood biomarkers
from the reference, even under the conditions of
pronounced symptoms of FOR, NFOR, OTS in ath-
letes, is justified by some scientists in their works
by a possible high level of resistance and adaptive
reserves (Kajaia et al., 2021). At the same time,
many researchers (Silva et al., 2022; Weakley et
al., 2022), comparing the baseline level of bio-
markers in healthy athletes and with overtrain-
ing syndrome, state that such indicators are not
informative biochemical markers for assessing
the states of FOR, NFOR, and OTS. In the case
of a significant change in the baseline level of
enzymes and especially steroid hormones in the
blood serum of athletes, it makes no sense to di-
agnose the process of disadaptation and OTS, due
to possible hormonal dysfunction (Soler-Lépez et
al., 2024).

The study demonstrated that the identification
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of FOR in the HBM and HMF groups was achiev-
able through the analysis of changes in these
biomarkers following acute power loads with an
anaerobic energy supply. Following high-intensity
loads (R,=0.74) using the creatine phosphokinase
mechanism for ATP resynthesis, CPK levels rose
by 50-53%, cortisol increased by 23-26%, and
there was a potential rise in testosterone. The va-
lidity of such changes in these biomarkers to a
stressful stimulus is associated with the involve-
ment of creatine phosphate reserves in the ener-
gy supply and a high resistance level (Chernozub
et al., 2023). In response to moderate-intensity
loads (R,= 0.65) with ATP resynthesis through
anaerobic glycolysis, we observed an increase in
LDH (22-35%) and cortisol (25-44%), along with
a slight rise in CPK activity (16-18%) in the blood
serum. This fact indicates that power loads under
anaerobic glycolysis conditions affect the accumu-
lation of lactate, which causes an increase in LDH
activity in the blood, and also stimulates a signifi-
cant increase in cortisol (Cadegiani et al., 2019).
However, the similar adaptive and compensato-
ry reactions of HBM and HMF group athletes to
power loads (Ra=0.65-0.74) indicated that during
the recovery period, the adaptive reserves will in-
crease (Chernozub et al., 2020).

Based on the analysis of changes in LDH and
cortisol levels in the blood in response to strength
loads (R,=0.65-0.74), NFOR can be detected
for BFE, HBM, and HMF groups. In athletes with
NFOR, even in response to loads under the cre-
atine phosphokinase mechanism of energy sup-
ply, there was a significant increase in LDH (30-
47%) and cortisol (75-107%). These changes
indicate insufficient creatine phosphate reserves
or low resistance to high-intensity loads due to
disadaptation (Carfagno et al., 2019; Silva et
al., 2022). However, in response to loads in an-
aerobic glycolysis energy supply, which are more
prolonged, a more pronounced increase in LDH
(62-79%) and a slight decrease in cortisol (13-
49%) occurred. The characteristic manifestations
of compensatory reactions in response to loads
(R,=0.65), where muscle glycogen is the primary
source of ATP resynthesis, suggest its depletion
due to the inefficiency of recovery processes and
the need to engage auxiliary resources (gluco-
neogenesis) (Soler-Lépez et al., 2024).

In response to test loads, regardless of their
intensity or type of anaerobic energy supply, a
simultaneous increase in CPK (143-173%), LDH
(66-92%), and a decrease in cortisol (46-54%)
was observed in the BFE group with suspected
OTS. A characteristic feature is that similar chang-
es in controlled biomarkers were recorded during
all stages of the study, indicating the manifesta-
tion of pronounced disadaptation processes. An
excessively high increase in CPK in the blood af-
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ter strength training was primarily due to muscle
damage against the background of fatigue due to
insufficient recovery after the systematic use of
eccentric or non-standard exercises in the HIRT
(Watanabe et al., 2025). However, the activity of
creatine phosphokinase in blood serum reflects
the ATP resynthesis during muscle tension and
characterizes the features of load regimes (vol-
ume and intensity parameters) (Chernozub et al.,
2023). Several researchers, in their studies on
OTS, proposed that the activity levels of CPK and
LDH in athletes’ blood could serve as sensitive in-
dicators for assessing muscle damage, particular-
ly in the context of chronic overtraining (Younger
et al., 2025).

Conclusions

The proposed approach for identifying FOR,
NFOR, and OTS in bodybuilding, through evaluat-
ing changes in the body’s adaptive and compen-
satory responses to stress, serves as an effective
tool for monitoring disadaptation. The results in-
dicate that for OTS diagnostics in HBM, BFE, and
HMF athletes, the parameters of the baseline lev-
el of CPK, LDH, cortisol, and testosterone in the
blood are not informative biomarkers. Using test
loads (R,=0.64 and R =0.74) as stressful stimuli
for the bodies of HBM, BFI, and HMF athletes al-
lows for identifying manifestations of short-term
adaptation, or compensatory reaction, based on
the results of the acute response of blood bio-
markers. Analyzing changes in LDH and cortisol
levels in response to strength loads (Ra = 0.65-
0.74) enabled the identification of NFOR in the
BFE, HBM, and HMF groups. A marked increase in
CPK (143-173%) and LDH (66-92%), along with
a decrease in cortisol levels (46-54%) in response
to strength training, may serve as an indicator of
OTS in BFE athletes experiencing disadaptation.
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