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Abstract. Overtraining syndrome (OTS) is a condition associated with prolonged dysfunctional adaptation to physical
exercise and a long-term imbalance between training and recovery that results in decreased sports performance lasting
from several weeks to months with serious consequences for the health of athletes. The problem of diagnosis and pre-
vention of OTS remains relevant, as the diagnosis is often made retrospectively. Currently, no clear reliable biochemical
or functional markers for early detection of OTS are described, and the features of pathogenesis of this syndrome remain
unclear. The present overview describes the basic theories of OTS development, the main biomarkers and their diag-
nostic significance, as well as some novel parameters and methods that may be possibly perspective for early detection

of OTS.
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List of Abbreviations

ACTH — adrenocorticotropic hormone

ANS — autonomic nervous system

BAP — biological antioxidant potential

BCAA — branched-chain amino acids

d-ROMs — diacron-reactive oxygen metabo-
lites

EEG — electroencephalography

EROS - Endocrine and Metabolic Re-
sponses on Overtraining Syndrome

GSH - reduced glutathione

GSSG - oxidized glutathione

HAMD — Hamilton Depression Scale

HF — high frequency

HRV- heart rate variability

IgA — immunoglobulin A

IGF-1- insulin-like growth factor-1

IL — interleukin

ITT —insulin tolerance test

LF — low frequency

MADRS — Montgomery-Asberg Depression
Rating Scale

OTS — overtraining syndrome

POMS — Profile of Mood States

RESTQ — Recovery Stress Questionnaire

SFMS- French Society of Sport Medicine

TBARS - thiobarbituric acid reactive sub-
stances

TDS — Training Distress Scale

TNF-o — tumor necrosis factor alpha

TP — total power of spectrum

VLF - very low frequency

Introduction

Overtraining syndrome (OTS) is character-
ized by a decrease in performance after periods
of intense training, which can have serious con-
sequences for the health of athletes. As it is
known, the athletic performance can be im-
proved by increasing training loads. Successful
training is often accompanied by overload, and
some athletes can periodically experience
short-term performance decrement without se-
vere negative symptoms. At the same time, a
persistent imbalance between training and re-
covery may lead to prolonged decreased perfor-
mance, known as overtraining syndrome.

There is currently no consensus on the mech-
anisms of pathogenesis of overtraining syn-
drome or a single diagnostic marker of over-
training (Weakley et al., 2022). A highly quali-
fied athlete is constantly balancing on the edge
of an optimal level of training and overtraining.
According to literature data, up to 20% of
highly skilled athletes can experience overtrain-
ing during their athletic careers (Cadegiani et
al., 2019; Kreher, 2016).

Certain terminology is usually used in the lit-
erature to describe the conditions associated
with an imbalance between training and recov-
ery. According to some authors, there is a need
to distinguish between «overreaching» and
«overtraining» (Bell et al., 2020; Meeusen et
al., 2010). Several international literature
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sources refer to the work of R. Kreider (Kreider
et al., 1998), according to which:

— overreaching is the accumulation of train-
ing and/or non-training stress, leading to a
short-term decrease in performance in the pres-
ence or absence of appropriate physiological
and psychological signs and symptoms of poor
adaptation; it can take from a few days to a few
weeks to restore performance capacity;

— overtraining is the accumulation of train-
ing and/or non-training stress, leading to a long-
term decrease in performance in the presence or
absence of appropriate physiological and psy-
chological signs and symptoms of poor adapta-
tion, which may take several weeks or months
to restore performance capacity.

Thus, the difference between overreaching
and overtraining is basically in the time needed
to recover performance, but not in the type or
duration of exercise-related stress or in the de-
gree of decrease in performance (Halson &
Jeukendrup, 2004).

Some authors also distinguish such a con-
cept as fatigue, which is a typical impairment of
performance after more or less prolonged work
(Wan et al., 2017; Dikunets et al., 2019). It can
be expressed in the difficulty of controlling new
movement skills and the presence of technical
errors in the performance of the athlete's usual
exercises, sleep disorders and unstable mood
(Wan et al., 2017).

In the Joint Consensus Statement of the Eu-
ropean College of Sports Science and the
American College of Sports Medicine «Preven-
tion, Diagnosis and Treatment of Overtraining
Syndrome» (Meeusen et al., 2013), it was
pointed out that several concepts should be dis-
tinguished: functional overreaching, non-func-
tional overreaching and overtraining syndrome.
The main difference between these conditions
is the recovery time: in the case of functional
overreaching, recovery takes several days, less
often weeks; in the case of non-functional over-
reaching, recovery takes weeks, less often
months; in the case of overtraining syndrome,
athletes need from several months to several
years to completely recover (Buyse et al., 2019;
Carrard et al., 2022). By using the term «syn-
dromey, the authors point to its multifactorial
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etiology and acknowledge that exercise is not
necessarily the only etiological factor of the
syndrome. The key to recognizing overtraining
syndrome may be a long-term poor adaptation
of not only the whole organism of an athlete,
but also of individual biological, neurochemical
and hormonal regulatory mechanisms. Over-
training is regarded as a pathological condition
manifested in violation of the level of func-
tional readiness achieved during training and in
the change of regulation mechanisms function-
ing, which leads to disorder of the optimal rela-
tionship between the cerebral cortex and other
parts of the nervous system, the muscular sys-
tem and the internal organs.

Pathogenesis of the overtraining syn-
drome

Glycogen hypothesis. The reason for over-
training and declining performance can be par-
tially explained by the negative effect of de-
creased muscle glycogen on performance ca-
pacity. Athletes do not always follow a bal-
anced diet and do not maintain optimal calorie
intake, which results in reduced muscle glyco-
gen. Thus, the repetitive process of glycogen
depletion can cause changes in metabolic path-
ways responsible for the energy supply of skel-
etal muscles (Dikunets et al., 2019). Addition-
ally, low levels of muscle glycogen lead to in-
creased oxidation and decreased concentrations
of branched-chain amino acids, which may af-
fect the synthesis of major neurotransmitters in-
volved in fatigue (Kreher & Schwartz, 2012).
This hypothesis has not been widely accepted
in the literature (Armstrong et al., 2022; Cheng
et al.,2020). Many athletes who consume in-
creased amounts of carbohydrates and maintain
normal levels of glycogen experience the symp-
toms of overtraining syndrome.

Central nervous system fatigue hypothesis.
Overtraining syndrome is always accompanied
by the disorders of the nervous system: exhaus-
tion, weakness and sleep disorders. The neuro-
transmitter serotonin is involved in regulating
these functions, and its precursor tryptophan is
competing with branched-chain amino acids
(BCAA) to penetrate the blood-brain barrier
(Barik, 2020; Kreher, 2016). High-intensity
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workouts reduce BCAA due to their increased
oxidation, which facilitates the penetration of
tryptophan into the brain. The increase of tryp-
tophan in the central nervous system stimulates
serotonin synthesis. High serotonin levels are
thought to cause mood and sleep changes, re-
duced motor neuronal excitability, loss of appe-
tite, and inhibition of hormones secreted by the
hypothalamus  (Anish, 2005; Kreher &
Schwartz, 2012). However, mood swings and
fatigue are subjective traits that are difficult to
identify, and they can be affected by more than
just the concentration of neurotransmitters.

Glutamine hypothesis. Decreased glutamine
levels can be responsible for immune dysfunc-
tion during overtraining. Glutamine is the main
source of energy for immune system cells, play-
ing an important role in nucleic acid synthesis,
nitrogen transport, gluconeogenesis and acid-
alkali balance (Kreher & Schwartz, 2012). In-
tense long-term exercises cause two-phase re-
sponses to blood glutamine levels; its concen-
tration increases during the exercise, but then it
drops significantly during rest periods, espe-
cially during the first few hours before reaching
the initial level (Dikunets et al., 2019). It can be
assumed that insufficient rest between intense
workouts may limit glutamine emissions by
skeletal muscles, and therefore immune cells
experience nutritional deficiency. This can
cause increased susceptibility to infection in
overtrained athletes. Some authors claim that
serum glutamine levels do not correspond to the
bioavailability of glutamine; thus, glutamine
depletion may not be responsible for the num-
ber of other symptoms described in athletes
with OTS (Shah et al., 2020).

Autonomic nervous system hypothesis. Im-
balance in ANS functions, in particular, de-
creased sympathetic activation and the predom-
inance of parasympathetic department activity,
may lead to reduced productivity, fatigue, de-
pression and bradycardia. According to some
literature data, two forms (phases) of overtrain-
ing can be distinguished: sympathetic and par-
asympathetic. The sympathetic form appears to
be the first phase of overtraining and is identical
to the acute stress response. This phase pro-
gresses to exhaustion of the ANS when sympa-

thetic activity decreases, presumably due to the
decrease in the secretion of catecholamines,
which usually modulate metabolic reactions
and adaptation to physical and psychological
work. Also, decreased organ sensitivity to cate-
cholamines may be responsible for the symp-
toms of decreased sympathetic activation (Kre-
her & Schwartz, 2012; Batdieva et al., 2018).

Decreased activity of the sympathetic nerv-
ous system in athletes with OTS is often ob-
served. But not all studies confirm the data
about decreased catecholamine secretion in ath-
letes with OTS and the information about HRV
changes in OTS-affected athletes is also contro-
versial (Meeusen R. et al., 2013; Carrard J. et
al., 2022). However, the balance between the
sympathetic and parasympathetic parts of the
ANS can usually be restored after a week of
rest.

Hypothalamus hypothesis. Changes in the
hypothalamic-pituitary-adrenal and hypotha-
lamic-pituitary-gonadal axes may be the cause
of OTS. Overtrained athletes may have changes
in levels of cortisol, ACTH, testosterone and
other hormones. Also, it was revealed that the
response of pituitary hormone secretion
(ACTH, prolactin and growth hormone) to the
action of stress factors and physical exercise in
overtrained athletes can be lower than in
healthy athletes. It can also be evidence of the
central (hypothalamus or pituitary gland) disor-
ders of hormonal response in athletes with OTS
(Cadegiani & Kater, 2017; Carrard et al., 2022).
Unfortunately, the available literature data on
the nature of hormonal changes in the develop-
ment of OTS are very contradictory. In many
studies of athletes' training and OTS, no signif-
icant changes in the levels of testosterone and
cortisol were observed (Ambrozy et al., 2021;
Kreher & Schwartz, 2012). Alterations of the
hypothalamic-pituitary-adrenal and hypotha-
lamic-pituitary-gonadal axes are individualized
and depend on other factors, including physical
activity and the athlete's own susceptibility to
stress factors.

The hypothesis of oxidative stress. In the
process of oxidation and reduction, highly ac-
tive oxygen forms are continuously formed.
During the performance of the physical load,
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oxygen consumption increases by 40 times. As
a result, the formation of highly active oxygen
forms also increases significantly. Reducing the
negative effects of these forms of oxygen on
skeletal muscle cells is carried out with the help
of the protective antioxidant system, which can
be enhanced by training to develop endurance
(Powers et al., 2020). Some oxidative stress is
desirable during exercise, since reactive oxygen
species released from damaged muscles regu-
late cell repair. However, when oxidative stress
becomes pathological, reactive oxygen species
(for example, peroxide, hydrogen peroxide and
hydroxyl radical) can cause inflammation, mus-
cle fatigue and soreness, which leads to a de-
crease in athletic performance. Markers of oxi-
dative stress at rest are higher and increase with
physical exertion in overtrained athletes com-
pared to the control group. Thus, athletes with
overtraining syndrome may be more suscepti-
ble to oxidative damage (Kreher & Schwartz,
2012; Dikunets et al., 2019).

It is not known whether the state of increased
oxidative stress is a trigger or the result of over-
training. Clinically relevant studies are limited.
Moreover, the influence of factors such as the
menstrual cycle and the antioxidant properties
of estrogen is unknown.

Cytokine hypothesis. It is the complex hy-
pothesis that most fully answers the questions
about the causes of overtraining and the devel-
opment of its main symptoms. According to this
theory, during physical exercise muscles are
damaged, and microtraumas occur not only in
the muscles, but also in the tendons and joints.
Muscle microtrauma causes a decrease in
strength and range of motion due to swelling in
the area of injury, as well as a local inflamma-
tory reaction with activation of circulating
monocytes and systemic inflammation (Car-
fagno & Hendrix, 2014; Kreher & Schwartz,
2012). These microdamages trigger local in-
flammatory processes that stimulate the for-
mation of interleukins, mainly interleukin-1p
(IL-1p), interleukin-6 (IL-6), and tumor necro-
sis factor alpha (TNF-a) (Smith, 2004). These
substances affect a number of processes in the
body, namely the utilization of glucose by the
muscles (Suzuki, 2019). In cases of disturbance
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of muscle nutrition, BCAA (leucine, isoleucine,
valine) are oxidized to replenish glucose stores.
A decrease in these amino acids leads to the fact
that the muscles do not recover well enough.

The violation of the regulation of the cyto-
kine profile creates the potential for the devel-
opment of the immunopathological process. In
particular, it can lead to increased secretion of
glucocorticosteroids, as well as suppression of
immune cell function through modulation of in-
tracellular signaling pathways (lvanchikova &
Sherash, 2021; De Sousa Nogueira Freitas, et
al., 2020). Studies have established the suppres-
sive effect of some hormones on the production
of pro-inflammatory cytokines IL-1B, IL-6,
TNF-a under conditions of physical exertion. It
should be noted that in these conditions, there
is the following hierarchy of sensitivity of cyto-
kine production to the suppressing effect of cor-
tisol: TNF-a is sensitive to physiological doses;
IL-1pB occupies an intermediate position and be-
gins to decrease under stress conditions; IL-6
remains resistant to the action of cortisol (Luti
et al., 2020). These results make it possible to
explain the determined stable rise of IL-6 in
most cases after physical exertion. It was found
that an increase in this cytokine promotes the
stimulation of the synthesis of acute-phase pro-
teins, leading to the development of inflamma-
tory processes, including those caused by dam-
age to muscle tissue during exercise.

Pro-inflammatory cytokines also act on the
hypothalamus, namely on the hunger center,
causing the decreased appetite in athletes
(Smith, 2004). As a result, muscle weakness de-
velops from a lack of nutrients. A number of
cytokines reduce glutamine reserves and cause
activation of T-helpers of the second type, acti-
vating humoral immunity, while cellular im-
munity suffers, which can lead to a higher fre-
quency of infections (Smith, 2000).

In addition, pro-inflammatory cytokines
negatively affect the central nervous system;
they are involved in the development of depres-
sion and mood disorders. As a result, all the
symptoms accompanying overtraining syn-
drome are observed: mental and nervous pro-
cesses and immune reactions are disrupted, and
endocrine disorders can be noted through the
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hypothalamic-pituitary axis (in particular, pro-
lactin levels increase, the amount of testos-
terone decreases, the ratio of testosterone to es-
tradiol changes). As a result, the cytokine the-
ory explains the main stimulus initiating many
biochemical pathways which can cause the
symptoms seen in overtraining athletes.

The markers for the diagnosis of over-
training syndrome

Currently, the diagnosis of OTS is often
made retrospectively, since the main criterion
for detecting OTS is a decrease in performance
capacity, in which recovery takes several
months.

The main requirements for biomarkers for
the diagnosis of OTS are as follows: the
changes in the biomarker should reflect the de-
velopment of OTS and not depend on the char-
acteristics of the diet or daily and seasonal bio-
rhythms; and the determination of this bi-
omarker should be fast, inexpensive and mini-
mally invasive if possible. According to the lit-
erature, the following groups of biomarkers can
be diagnostically significant for the detection of
OoTS.

Metabolic markers

The main metabolic markers of OTS cur-
rently include the concentration of glutamine
and glutamate in the blood and the assessment
of the glutamine/glutamate ratio, lactate levels
during submaximal physical exertion, and cre-
atine kinase activity. Most studies describe de-
viations in these parameters in OTS athletes
compared to healthy athletes.

Thus, a decrease in glutamine levels, an in-
crease in glutamate levels and a decrease in the
glutamine/glutamate ratio were detected at OTS
in athletes of cyclic sports (swimming, rowing,
running, cycling, speed skating, cross-country
skiing), as well as in athletes of some game
sports (football, tennis) (Parry-Billings et al.,
1992; Rowbottom et al., 1995; Smith & Norris,
2000; Halson et al., 2003; Coultts et al., 2007).

It should be taken into account that the
plasma glutamine concentration depends on the
dietary intake: it increases after consumption of
a meal containing protein but falls after a low

carbohydrate diet (Gleeson, 2002), and some
studies have not found a decrease in glutamine
during the period of intense physical activity
(Halson et al., 2003, Coultts et al., 2007). In this
regard, it is recommended to use the gluta-
mine/glutamate ratio as an indicator of over-
training (Coutts et al., 2007; Smith & Norris,
2000; Walsh et al., 1998; Halson et al., 2003).

Most studies of athletes with OTS reported
elevated levels of creatine kinase activity in the
blood. Cadegiani et al. conducted the Endo-
crine and Metabolic Responses on Overtraining
(EROS) study and examined OTS-affected
male athletes who performed both endurance
and resistance activities. In the EROS-BASAL
study (Cadegiani et al., 2019), the authors noted
high levels of plasma creatine kinase activity in
the examined athletes with OTS in comparison
with healthy athletes. Similar results were de-
termined in cyclists with overreaching (Halson
et al., 2003) and in athletes of game sports
(Coutts et al., 2007).

However, some authors in the studies of
OTS-affected athletes of strength sports noted
that the level of creatine kinase was not a useful
marker of non-functional overreaching or OTS.
So, during the 8-year longitudinal study of fe-
male wrestlers, it was demonstrated that for this
group of athletes, creatine kinase had low diag-
nostic sensitivity (Tian et. al., 2015). Another
study of the athletes of strength sports with OTS
also did not reveal significant changes in crea-
tine kinase (Afanasyeva & Tajmazov, 2011).

The problem of using creatine kinase as a
marker of overtraining is mainly due to the fact
that the levels of creatine kinase can vary
greatly among individuals and are associated
with the level of training, muscle size, and fiber
type (Tian et al., 2015). And since this enzyme
reflects an acute impairment in exercise toler-
ance, controlling its activity is important pri-
marily for the prevention of OTS development.

Lower blood lactate responses during sub-
maximal exercise were revealed in OTS-af-
fected athletes of endurance sports (cycling,
running) (Gleeson, 2002; Jeukendrup et al.,
1992; Bosquet et al., 2001). Also, sportsmen
with OTS did not reach maximal lactate con-
centrations above 8 mmol/l after the performing
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of the two-bout exercise protocol (Meeusen et
al., 2010), and a maximal lactate value < 8
mmol/l after both bouts was proposed as the
marker with high sensitivity for OTS. But it is
necessary to mention that lactate level differ-
ences depend on the type of the exercise test,
and that the changes in lactate concentrations
were basically revealed in athletes of endurance
sports (Meeusen et al, 2013).

Biochemical parameters such as blood levels
of glucose, urea and uric acid do not fulfill the
requirements for a reliable indicator of the over-
training, mainly due to temporary changes and
the influence of the diet. But these parameters
are helpful in evaluating the actual health status
of the athlete for the exclusion of other patho-
logical states that can cause a decrease in per-
formance (Meeusen et al., 2013; Gleeson,
2002). In addition, there is no information that
a high concentration of myoglobin in the blood
IS a sensitive marker for OTS detection
(Dikunets et al., 2019).

The plasma concentration ratio of free tryp-
tophan (FT) to BCAA was also proposed as a
diagnostic tool for detecting OTS. Some studies
of exercise supplementation (Blomstrand et al.,
1997) found a positive effect of BCAA feeding,
in particular on performance. However, in stud-
ies, this parameter did not demonstrate its diag-
nostic significance in athletes with OTS. Thus,
the study of athletes who trained in endurance
and had signs of unexplained underperfor-
mance syndrome did not show a significant dif-
ference in plasma levels of free tryptophan,
BCAA, or the free tryptophan /BCAA ratio
(Budgett et al., 2010).

Also, in the study of athletes of strength
sports, the parameters of the total and effective
concentration of serum albumin were evaluated
using the standard fluorescent method. A sig-
nificant increase in the total and effective con-
centration of serum albumin was determined in
the group of athletes with overtraining syn-
drome compared to healthy athletes
(Afanasyeva & Tajmazov, 2011). The parame-
ter of the effective concentration of albumin is
sensitive to metabolic disorders, since endoge-
nous intoxication blocks part of the binding
centers of the aloumin molecule, and the results
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received in the study presumably can be ex-
plained by the adaptation to the increased for-
mation of metabolic products in athletes with
overtraining.

There is literature data about using the
method of Fourier transform infrared spectros-
copy to assess metabolic changes in athletes
with OTS. In the longitudinal study of rowers
(Petibois et al., 2000) this method was applied
to assess the difference in the spectrum of blood
serum in order to determine metabolic re-
sponses to exercise. In athletes who were sub-
sequently diagnosed with OTS, reduced sac-
charide absorption spectrum disorders were re-
vealed during training, followed after several
weeks by reduced lipid and peptide absorption
spectrum. Also, with the help of this method in
OTS-affected rowers the disorders of the
plasma lipid profile were revealed: an increase
in glycerol concentrations and a decrease in the
levels of triglycerides, very low-density lipo-
protein and apolipoprotein C3 (Petibois &
Deleris, 2004).

The level of hormones

Studies evaluating hormone levels in OTS-
affected athletes include both the determination
of basal hormone levels and hormonal re-
sponses to exercise and the insulin tolerance
test (ITT).

Basal hormone levels. The findings of
Cadegiani et al. from the EROS study of ath-
letes of endurance and resistance sports re-
vealed the changes in serum basal hormone lev-
els in OTS-affected athletes compared to
healthy athletes: decreased testosterone, in-
creased estradiol, decreased serum testos-
terone-estradiol ratio, and decreased salivary
cortisol in the morning after awakening
(Cadegiani et al., 2019; Cadegiani & Kater,
2017). The authors proposed using the level of
salivary cortisol 30 minutes after awakening >
530 ng/dL as a criterion highly predictable for
the exclusion of OTS.

Also, according to the results of the EROS
study, diagnostic scores were developed, that
could help distinguish OTS-affected from
healthy male athletes. Hormonal parameters in-
cluded in these scores as possible risk factors of
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OTS are basal growth hormone <0.1 pg/L, ba-
sal prolactin <7.1 ng/mL, total testosterone
<400 ng/dL, testosterone-estradiol ratio <13.

It should be noted that some authors have re-
vealed controversial results regarding basal lev-
els of pituitary hormones and testosterone in
OTS-affected athletes. Thus, athletes of cyclic
sports showed an increase in the basal levels of
ACTH, growth hormone, prolactin (Meeusen et
al., 2004; 2010), cortisol and testosterone
(Meeusen et al., 2010; Gustafsson et al., 2008).
Concerning the athletes of strength sports, in
the study of female wrestlers it was demon-
strated that cortisol and testosterone are poor
markers of overreaching or overtraining in this
group of sportsmen, since no mean differences
in the levels of these hormones were detected
between when wrestlers were and were not di-
agnosed with non-functional overreaching
(Tian et al., 2015).

The resting plasma testosterone/cortisol ra-
tio is widely used in sports medicine as it is con-
sidered a useful marker of the anabolic/cata-
bolic state of an athlete (Cadegiani & Kater,
2017; Czuba et al., 2022). This parameter re-
flects the physiological strain of training and
decreases in relation to the intensity and dura-
tion of training (Meeusen et al., 2013). The tes-
tosterone/cortisol ratio has been used as a
marker of OTS when reduced by at least 30%
(Cadegiani et al., 2019). Currently, some au-
thors suggest that the testosterone/cortisol ratio
only indicates an actual physiological state and
may not be selective enough to diagnose an
overtraining state if it is not used in combina-
tion with other biological markers (Dikunetz et
al., 2019; Cadegiani et al., 2019; Orzhenikidze
et al., 2018). Thus, according to the study of
Cadegiani et al., the testosterone/cortisol ratio
did not differ between the groups of OTS-af-
fected and healthy athletes, and the testos-
terone/estradiol ratio is the better parameter for
evaluation of the anabolic/catabolic state. Dur-
ing OTS, increased estradiol in the absence of
increased testosterone or even with a decrease
in testosterone was observed, and it suggests an
abnormally increased level of aromatase en-
zyme and increased conversion to estradiol.
This leads to a decreased testosterone/estradiol

ratio, which may reflect an antianabolic state
(Cadegiani et al., 2019).

Literature data on the levels of night urinary
catecholamines are contradictory (Duclos,
2008; Meeusen et al., 2013). Some studies re-
port an increase (Cadegiani et al., 2019), a de-
crease (Lehmann et al., 1992; Lehmann et al.,
1998), or no change in urinary catecholamine
excretion (Urhausen et al., 1998) at overreach-
ing or overtraining. As a rule, a decrease in
sympathetic activation in overtrained athletes is
accompanied by a decrease in nocturnal excre-
tion of catecholamines in urine (Halson &
Jeukendrup, 2004).

Other hormones, such as leptin, adiponectin,
and ghrelin, have been recently investigated as
possibilities for the monitoring of training
(Jurimée et al., 2011; Meeusen et al., 2013).
But there are few studies of them as markers of
OTS. Thus, the decrease in plasma leptin levels
was revealed in OST-affected athletes com-
pared to healthy athletes (Joro et al., 2017).

Hence, the large number of studies of basal
levels of hormones in athletes with OTS is con-
troversial, demonstrating that these parameters
could not be reliable markers for OTS detec-
tion. Conversely, stimulated hormone levels,
particularly acute responses to stressful condi-
tions, were proposed as good predictors of un-
derperformance syndromes (Cadegiani &
Kater., 2017; Carrard et al., 2022).

Hormonal responses to stimulation. The in-
sulin tolerance test (ITT), various single exer-
cise tests and the test with two consecutive
maximal exercises were used as stress stimuli
to study hormonal response in athletes with
overtraining.

In OTS-affected athletes, a decreased rise in
pituitary hormones (ACTH, growth hormone
and prolactin) in response to a stressful stimulus
is reported (Urhausen et al., 1998; Meeusen et
al., 2013; Cadegiani & Kater, 2017; Cadegiani
& Kater, 2018; Cadegiani et al., 2019).

In the EROS study carried out by Cadegiani
et al., the hormonal response to the insulin tol-
erance test was evaluated. It was found that
OTS-affected athletes in response to ITT
showed blunted responses of ACTH, cortisol,
growth hormone and prolactin secretion (hor-
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mone secretion in response to ITT was less than
in healthy athletes). The following hormone
changes in response to ITT have been proposed
as diagnostically significant for OTS detection:
ACTH 30 minutes after hypoglycemia
< 35 pg/mL, growth hormone 30 minutes after
hypoglycemia < 1.0 pg/L, prolactin during ITT
< 12 ng/mL, prolactin 30 minutes after hypo-
glycemia < 10 ng/mL, cortisol response to ITT
< 19.1 pg/dL (Cadegiani et al., 2020).

The study of hormonal response to a short-
term exhaustive endurance test on a cycle er-
gometer in endurance athletes with OTS (cy-
clists and triathletes) also showed a signifi-
cantly lower maximal exercise-induced in-
crease of ACTH and growth hormone (Urhau-
sen et al., 1998).

The test protocol with two consecutive max-
imal exercise tests separated by 4 hours of rest
(the two-bout protocol exercise test) was pro-
posed by Meeusen et al. for the estimation of
stress-induced hormonal reactions. The use of
the two-bout protocol exercise test as a stimulus
to study hormonal response allows evaluating
the recovery capacity of athletes (Meeusen et
al., 2004). In normal healthy subjects, the test
reveals an increase in the circulating concentra-
tions of the hormones after both the first and the
second exercises. Athletes with OTS have an
extremely large increase in circulating pituitary
hormones’ concentration after the first exercise
bout, followed by a complete suppression of the
levels of these hormones in the second exercise
bout. This could indicate a hypersensitivity of
the pituitary followed by its insensitivity or ex-
haustion (Meeusen et al., 2013; Anisimov et al.,
2018; Orzhenikidze et al., 2018).

Hormone secretion in response to the two-
bout protocol exercise test at OTS has been in-
vestigated in athletes of various sports. Studies
of athletes of cyclic sports (running) and moto-
cross revealed that plasma ACTH, growth hor-
mone and prolactin responses to the second
bout were reduced in OTS-affected athletes
(Meeusen et al. 2004; Meeusen et al. 2010).
Also, the study of football players using a mod-
ified version of the two-bout exercises test was
performed, and the results of the second hor-
mone level measurement confirmed the high
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significance of the change in ACTH, growth
hormone and prolactin levels with an un-
changed or reduced cortisol level in the diagno-
sis of OTS and its differentiation with non-
functional overreaching (Anisimov et al.,
2018). According to the study of athletes of var-
ious sports using discriminant analysis, the con-
clusion was made that reduced ACTH and pro-
lactin responses to the second exercise test were
most sensitive to non-functional overreaching
and OTS (Buyse et al., 2019).

Therefore, for the diagnosis of OTS the use
of hormone secretion responses to stress factors
is more accurate. In OST-affected athletes,
ACTH, prolactin and growth hormone were re-
duced in response to both physical exercise and
the insulin tolerance test, and only cortisol
showed different responses. Presumably, these
disorders of the hormonal response are central
(hypothalamus or pituitary gland), while the ad-
renal glands respond normally to ACTH stimu-
lation in athletes with OTS (Cadegiani & Kater,
2017; Carrard et al., 2022). Currently, the as-
sessment of ACTH, growth hormone and pro-
lactin using the two-bout protocol exercise test
is probably one of the most effective methods
for diagnosing OTS, but verification of this di-
agnostic approach requires more research to be
conducted (Ordzhonikidze et al., 2018).

The assessment of psychological status

Even after several days of intense training,
reduced positive emotions (for example, the
sensation of performance capacity) and in-
creased negative emotions (tension, depression,
anger and fatigue) may be observed (Batdiyeva
et al., 2018). Dose-response relationships be-
tween training load and mood state have been
revealed in studies involving athletes of various
sports. The changes in scores on psychological
scales often precede changes in commonly used
biochemical markers of training stress, such as
cortisol (Meeusen et al., 2013). This fact points
to the perspective of using psychological ques-
tionnaires as a tool for the early detection of
OTS.

The largest amount of literature data about
the psychological questionnaires for the detec-
tion of OTS refers to the use of the Profile of
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Mood States (POMS). Thus, according to the
ERQOS study, the increase in total POMS score,
reduction of vigor score, increase in tension
score and fatigue score were revealed in OTS-
affected athletes. The following criteria for
OTS detection included in the EROS-CLINI-
CAL score were proposed: POMS anger
score > 14, POMS fatigue score >8. POMS
tension score >13, POMS vigor score <18
(Cadegiani et al., 2020).

The results of other studies have also demon-
strated changes in various POMS subscales in
athletes with OTS. So, the scores of anger,
vigor, and fatigue showed significant differ-
ences between the groups of endurance athletes
with OTS and nonfunctional overreaching, and
only tension was similar in both groups (Grant
et al., 2012). In athletes-skiers, an increase in
total POMS score, fatigue score, confusion
score (Gustafsson et al., 2008), tension, anger
and depression score (Hedelin et al., 2000) in
OTS-affected athletes in comparison with
healthy athletes was revealed. According to
some studies, in athletes showing signs of OTS,
depression increases the most of all POMS sub-
scales (Meeusen et al., 2013). But the difficulty
of interpreting such results lies in the differen-
tial diagnosis with primary depression, not as-
sociated with overtraining (Batdiyeva et al.,
2018).

Hence, according to the Profile of Mood
States (POMS), the athletes with OTS have an
increased total POMS score with different pat-
terns of mood disturbance compared with
healthy athletes and athletes with non-func-
tional overreaching.

Training Distress Scale (TDS) based on dis-
criminant function analyses of POMS data was
also proposed for OTS detection (Raglin &
Morgan, 1994). It was demonstrated that the
seven-item TDS (five depression and two anger
items) was accurate in identifying OTS-af-
fected athletes (Meeusen et al., 2013).

For assessment of the psychological status of
athletes the overtraining questionnaire of the
French Society of Sport Medicine (SFMS) was
also used. According to various authors in stud-
ies of both endurance and resistance athletes,
the SFMS question score > 20 is diagnostically

significant for OTS detection (Carrard et al.,
2022; Favre-Juvin et al., 2003).

Other questionnaires used to detect OTS
were the Hamilton Depression Scale (HAMD),
Montgomery-Asberg Depression Rating Scale
(MADRS,) and the Recovery Stress Question-
naire for Athletes (RESTQ-Sport.) (Meeusen et
al., 2013). Among them, RESTQ-Sport (the
questionnaire that assesses both overtraining
and recovery responses in athletes) has been the
most extensively studied (Kellmann & Kallus,
2001). In athletes with OTS the HAMD and
MADRS depression scales, as well as the
RESTQ-Sport scales, were higher in compari-
son with healthy athletes (Carrard et al., 2022).

Hence, according to the majority of studies
of OTS-affected athletes, using psychological
questionnaires can be an effective tool for early
detection of overtraining, especially in combi-
nation with other functional and biochemical
markers.

Heart Rate Variability

Numerous studies have examined the effects
of training on HRYV parameters, but only a few
studies have investigated HRV in athletes with
OTS.

According to the literature data, OTS-af-
fected athletes compared with healthy athletes
most often have parasympathetic dominance,
which is manifested by an increase in high fre-
quency (HF) oscillations and a decrease in low
frequency (HF) oscillations. Thus, in endurance
athletes (cross-country skiing) in the over-
trained state high frequency (HF) and total
powers (TP) in the lying position were higher,
and resting heart rate was slightly reduced (He-
delin et al., 2000).

The study of Hynynen et al. of athletes of en-
durance and game sports revealed, that low fre-
quency power (LF) was lower both in the su-
pine position after awakening and in the orthos-
tatic test during standing in OTS-affected ath-
letes compared to healthy athletes. Also, the au-
thors did not reveal differences in HRV be-
tween overtrained and healthy athletes during
sleep (Hynynen E. et al., 2006, 2008).

However, some authors have observed in-
creased sympathetic nervous system activity in
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OTS-affected athletes. So, in the study of ath-
letes of strength and game sports (wrestling,
football), LF and LF/HF ratio were increased in
overtrained athletes compared to healthy ath-
letes. This indicates decreased vagal influence
along with increased sympathetic cardiovascu-
lar control in OST-affected athletes (Kajaia et
al., 2017). Increased sympathetic activity was
also detected in endurance athletes in the test
with overtraining induced by the increased
training volume, when increased LF power of
HRV during the supine test was observed, and
HRV in the standing position had a tendency to
decrease in overtrained athletes (Uusitalo et al.,
2000).

One of the problems of HRV interpretation
is that two forms of overtraining can be distin-
guished: sympathetic and parasympathetic
forms (Batdiyeva et al., 2018; Bosquet et al.,
2008). Therefore, HRV parameters need to be
assessed depending on the form of overtraining
and in the complex with other biomarkers of
OTS.

Also, according to Shlyk N. 1., the type of
autonomic regulation should be taken into ac-
count for the interpretation of HRV parameters.
To determine the type of autonomic regulation,
two parameters of HRV were taken as a basis:
stress index (SI) and very low frequency (VLF)
power. The author identifies four types of auto-
nomic regulation; three of them are regarded as
normal, and the fourth type of autonomic regu-
lation corresponds to a pronounced predomi-
nance of autonomous regulation and is deter-
mined when Sl is from 10 to 30 units, VLF >
240 ms?, and total power > 8000 ms?. In ath-
letes, the fourth type of autonomic regulation
can be both physiological and pathological. The
physiological type reflects a high level of train-
ing. The pathological type indicates a state of
overreaching or overtraining and can be deter-
mined if the value of Sl is sharply reduced and
is less than 10, while TP increases dramatically
to more than 16000-20000 ms? (Shlyk, 2015).

Thus, changes in HRV parameters in athletes
with OTS most often reflect the presence of a
parasympathetic form of overtraining and are
characterized by a predominance of autono-
mous regulation of cardiac activity.
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Psychomotor speed tests

Some symptoms of chronic fatigue syn-
drome, such as concentration and memory
problems and cognitive complaints, are also
found in athletes with OTS (Lehmann et al.,
1993; Shephard, 2001). The measurement of
psychomotor speed is currently considered one
of the most promising tools for the early detec-
tion of non-functional overreaching and pre-
venting OTS. The advantage of psychomotor
speed assessment (attention and reaction time
tests) is that these tests are easy to apply in the
sports field; they are noninvasive, resistant to
conscious manipulation by the athlete, and in-
expensive (Meeusen et al., 2013).

Rietjens et al. used a reaction time test (fin-
ger-precuing test) as a detection tool for non-
functional overreaching. The authors found a
significant decrease in reaction time in cyclists
after they increased their training volume. At
the same time, no changes in exercise-induced
plasma hormone levels or ITT values were ob-
served, demonstrating that central fatigue pre-
cedes peripheral fatigue (Rietjens et al., 2005).
The decreased reaction time task was also re-
vealed in speed skaters with nonfunctional
overreaching (Nederhof et al., 2008). Addition-
ally, OTS-affected endurance athletes scored a
significantly higher number of mistakes during
the Stroop Color Word Test compared to
healthy athletes (Hynynen et al., 2008).

All the above-mentioned data suggest that
central fatigue is an early manifestation of over-
reaching and overtraining, and that reaction and
attention tests are promising tools in the early
detection of OTS. But further studies are
needed in athletes with the confirmed diagnosis
of OTS.

Immune parameters

In studies of athletes with OTS, a change in
some immunological parameters is observed.
The majority of overtrained athletes have ab-
normally low blood leukocyte counts (Gleeson,
2002). The decreased neutrophil-lymphocyte
ratio (Cadegiani et al., 2019) and low levels of
salivary IgA have also been reported in over-
trained athletes. Regular monitoring of salivary
IgA levels may be useful for detecting over-
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training, but it is essential to determine the in-
dividual’s normal baseline value of this param-
eter (Gleeson, 2002).

In the study of athletes of strength sports the
state of overtraining was accompanied by the
decrease in lysozyme activity (both in saliva
and serum) and in the phagocytic index (%
number of white blood cells capable of phago-
cytosis), as well as the decrease in the sponta-
neous enzymatic activity of neutrophils (nitro-
blue tetrazolium test) in comparison with ath-
letes without signs of overtraining (Afanasyeva
& Tajmazov, 2011).

In the study of Joro et al. plasma IL-6, IL-
10, TNF-o, IL-1B, leptin, and insulin-like
growth factor-1 (IGF-1) concentrations were
measured in overtrained and healthy control
athletes before and after exercise to exhaustion.
At rest, the levels of inflammatory cytokines
did not differ between groups of athletes, and
leptin concentrations were lower in OTS-af-
fected athletes. With exercise, 1L-6 and TNF-a
concentrations increased in both groups, but
pro-inflammatory IL-1B levels increased only
in overtrained athletes. Also, the decrease of
IGF-1 with exercise was revealed in OTS-af-
fected athletes. The authors conclude that a low
leptin level at rest and a pro-inflammatory cy-
tokine response to acute exercise may reflect a
chronic maladaptation state during overtraining
(Joro et al., 2017).

Immunophenotyping analysis of leukocyte
membrane antigens in most of the studies has
failed to find any differences in athletes diag-
nosed as suffering from overtraining syndrome
compared with healthy athletes (Gleeson, 2002;
Mackinnon et al., 1997; Rowbottom et al.,
1995). It was only revealed that activated T
cells (CD3+HLA/DR+) showed slight in-
creases during OTS without reaching patholog-
ical ranges (Gabriel et al., 1998).

In the recent research performed by Leal et
al., changes in several immunological parame-
ters were evaluated after the intensified training
period. The authors did not reveal changes in
total leukocyte counts or in most leukocyte sub-
sets occurred pre-training or post-training. Yet,
a 194% acute elevation in yo T-lymphocyte
number occurred pre-training, and average rest-

ing concentrations of these cells were 174%
higher post-training. Also, baseline polymor-
phonuclear leukocyte phagocytic activity was
47% lower post-training. Thus, the yo T-lym-
phocytes sensitivity to exercise was noted. It is
currently suggested that these cells act as stress
sensors, and these warrants further studies in
the context of intense exercise and OTS devel-
opment (Leal et al., 2021).

Additionally, the case study has been re-
ported demonstrating blood protein changes in
an endurance cyclist who exhibited non-func-
tional overreaching symptoms. The increase of
immune-related proteins involved with comple-
ment activation and the acute phase response
was revealed. The blood proteins with the largest
increase included complement component C7,
complement C4-B, serum amyloid A-4 protein,
inter-alpha-trypsin inhibitor heavy chain H4, and
alpha-1-antitrypsin (Merritt et al., 2019). These
parameters can be considered possible bi-
omarkers that could be useful for non-functional
overreaching and overtraining detection.

Thus, the most informative immunological
parameters for OTS detection are decreased cir-
culating numbers of leukocytes, decreased neu-
trophil-lymphocyte ratio, levels of salivary IgA,
plasma and salivary levels of lyzocyme and
phagocytic activity of blood neutrophils. Possi-
ble markers that can be diagnostically important
are IL-1p levels, proteins involved with comple-
ment activation and yd T-lymphocyte number.

One of the problems of interpretation for im-
munological parameters at OTS is that infection
might be one of the triggering factors that can
lead to the induction of OTS, and it is necessary
to distinguish OTS from infection or postviral
fatigue states (Meeusen et al., 2013).

Parameters of oxidative and antioxidant
status

According to recent data, the imbalance be-
tween oxidant production and antioxidant ca-
pacity can be a cause of overtraining, which can
be detected with the help of several redox-re-
lated biomarkers.

Thus, Margonis et al. examined the re-
sponses of oxidative stress biomarkers to a re-
sistance training protocol. The overtraining
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state in athletes was characterized by the in-
creasing of urinary isoprostanes, thiobarbituric
acid, reactive substances (TBARS), protein car-
bonyls, catalase, glutathione peroxidase, and
oxidized glutathione (GSSG) and the decreas-
ing of reduced glutathione (GSH), GSH/GSSG
and total antioxidant capacity. The high corre-
lation between the levels of isoprostanes and
GSH/GSSG and the decline in performance and
increase in training volume was detected. These
results demonstrate that overtraining induces a
marked response of oxidative stress biomarkers
(Margonis et al. 2007).

In the study of Tanskanen et al. the indica-
tors of oxidative stress (plasma protein carbon-
yls, nitrotyrosine, and malondialdehyde) and
antioxidant status (oxygen radical absorbance
capacity) were measured in overtrained and
healthy control endurance athletes at baseline
and after 6 months of recovery, both at rest and
after exercise. At baseline, overtrained athletes
had higher plasma protein carbonyls at rest than
controls. Both at baseline and after recovery,
exercise to exhaustion caused the increase in
oxygen radical absorbance capacity and
malondialdehyde in the control group but not in
the overtrained athletes. These results also con-
firm increased oxidative stress in overtraining
syndrome (Tanskanen et al., 2010).

Kajaia et al. evaluated the serum oxidative
and antioxidant status of overtrained wrestling
and football athletes. Diacron-reactive oxygen
metabolites (d-ROMs) and biological antioxi-
dant potential (BAP) in serum were assessed at
baseline and after rest. Comparing the results of
the examined groups of athletes, it was revealed
that at baseline d-ROMs were higher in OTS-
affected athletes, whereas antioxidant potential
was significantly higher in healthy athletes. Af-
ter 3 months of rest there was an improvement
in the oxidative status of athletes with OTS,
reaching normal values, but the antioxidant sta-
tus remained without significant improvement,
showing subnormal BAP values and a de-
creased BAP/d-ROM ratio. The results demon-
strate increased oxidative stress in the over-
training state and the imbalance between
d-ROM production and antioxidant capacity
(Kajaia et al., 2018).
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Additionally, the case study of an elite ath-
lete (rowing) with alterations in redox homeo-
stasis in combination with a diagnosis of unex-
plained underperformance syndrome was re-
ported. The increasing of hydroperoxides, su-
peroxide dismutase, a-tocopherol and the de-
creasing of antioxidant capacity, red blood cell
glutathione, coenzyme ql10, y-tocopherol, ca-
rotenoids were revealed. These results also pro-
vided evidence of altered redox homeostasis
(Lewis et al., 2018).

Thus, according to the literature, athletes
with OTS have increased oxidant and reduced
antioxidant capacities (Carrard et al., 2022).
Moreover, markers of oxidative stress are
higher in overtrained athletes in comparison
with controls both at rest and at physical activ-
ity (Tanskanen et al, 2010; Margonis et al,
2007), and the decreased antioxidant capacity
can remain even after a long period of rest
(Kajaia et al., 2018). Currently, total plasma
protein carbonylation and lipid oxidation
(TBARS and malondialdehyde) are considered
the main redox-related parameters, which could
be useful markers of estimation of the imbal-
ance between the oxidative and antioxidant sta-
tus of athletes after strenuous and prolonged
training without an adequate rest period (Luti et
al., 2020).

The problem of using the parameters of oxi-
dative and antioxidant status for assessment of
the functional state of athletes and for detection
of overreaching and OTS is the lack of stand-
ardized values for these biomarkers and the
technical difficulties in their determination.

Body composition parameters

Only a few studies evaluated body composi-
tion parameters in athletes with OTS, and the
main methods used were bioelectrical imped-
ance analysis and air displacement plethysmog-
raphy. In the study of Cadegiani et al., lower
muscle mass and body water were revealed in
OST-affected athletes of endurance and re-
sistance sports compared to healthy athletes.
Diagnostically significant changes included in
the EROS-COMPLETE score are muscle mass
<46 % and body water < 61 % (Cadegiani et
al., 2019, 2020). In the other study, increased
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fat mass in OTS-affected athletes was revealed
(Joro et al., 2017). Body composition parame-
ters can be used as additional markers of the
functional state of athletes because of individ-
ual differences depending on gender and sports
specialization.

Electroencephalography

The possible diagnostic tool for the evalua-
tion of overreaching and overtraining states that
has not yet received much attention is electro-
encephalography (EEG). Recently, one study
was performed by Bian F., in which EEG pa-
rameters were evaluated in athletes of various
sports. According to the study results, several
EEG features were revealed in athletes with
OTS compared to healthy athletes.

At rest, increased amplitude of B-waves,
slow wave occurrence (mainly 6-waves) and
decreased o-index were detected in OST-af-
fected athletes. Hyperventilation-induced EEG-
responses in athletes with OTS included an in-
creased number of slow waves, an increased
slow wave index and a blunted increase of a-
wave amplitude. During exercise, a-wave am-
plitude increased in healthy athletes, but no
such changes were detected in the group of
OTS-affected athletes (Bian, 2018). This study
highlights the need for more research to be con-
ducted regarding the study of EEG features in
overtrained athletes.

Conclusion

In modern sports, in the conditions of the in-
creased training and competitive loads, effec-
tive monitoring of the functional state of ath-
letes should be provided for maintaining their
health and sports performance. In this regard,
the challenge of finding and developing bi-
omarkers for early detection of signs of over-
training development currently remains rele-
vant. The main problems and peculiarities con-
cerning the diagnostics of OTS are as follows:

1) literature data on a large amount of the bi-
omarkers proposed for the diagnosis of OTS are
controversial; this can be partially explained by
the fact that in some of the studies of diagnostic
markers the tests and procedures were per-
formed with the use of natural-occurring OTS,

while other authors examined athletes with the
induced OTS caused by temporary intentional
increasing of training loads, which tends to
manifest as overreaching;

2) the OTS markers described in the litera-
ture were mainly determined in male sports-
men; hormonal and biochemical changes in
OTS in female athletes have been less studied,
partly because of the complexity of data inter-
pretation, as it is necessary to take into account
the influence of the menstrual cycle phase and
the use of hormonal contraceptives;

3) most of the studies describing changes in
physiological or biochemical parameters in
OTS were carried out in athletes training in en-
durance, while data on athletes of strength
sports are few;

4) many of the proposed biomarkers, alt-
hough demonstrating sufficient diagnostic sig-
nificance in OTS, are at the same time expen-
sive, invasive and time-consuming, and their
use as a means of screening and early detection
of OTS seems difficult.

Taking into account the literature data, it is
possible to point out the main biomarkers of
overtraining, which have practically no contro-
versial data and which demonstrate similar
changes in OTS-affected athletes of different
sport types. Such group of biomarkers include
the decreased responses of hormone secretion
(ACTH and prolactin) to the two-bout exercise
test and IIT, the decreased glutamine/glutamate
ratio, lower blood lactate responses during sub-
maximal exercise and the increased scores of
psychological questionnaires (in particular, the
total POMS score, RESTQ-Sport and SFMS
question scores). Also concerning the evalua-
tion of basal hormone levels, it is proposed to
use the decreased testosterone/estradiol ratio in-
stead of the cortisol/testosterone ratio as a
marker of OTS. The most informative immuno-
logical biomarkers for OTS detection are the
levels of salivary IgA, plasma and salivary lev-
els of lyzocyme and phagocytic activity of
blood neutrophils.

There are several perspective methods and
biomarkers for the detection of OTS that need
to be more widely tested in the groups of over-
trained athletes for research of their diagnostic
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significance. First of all, these are psychomotor
speed tests (finger-precuing test, Stroop Color
Word Test and others), which can be effective
in early detection of OTS, and, additionally, the
parameters of electroencephalography and the
redox-related parameters (in particular, plasma
protein  carbonyls, malondialdehyde and
TBARS).

Currently, the most accepted hypotheses of
OST development is cytokine hypotheses, and

Yu.l. Brel, Ya.l. Faschenko, S.N. Melnik

this fact determines the prospects for the search
for immunological biomarkers of OTS. Possi-
ble immunological markers that can be diag-
nostically important for OTS are IL-1p levels,
proteins involved with complement activation
and the amount of y4 T-lymphocytes.
Nevertheless, recently no single test or
method is able to identify the exact point at
which overreaching becomes OTS, and more re-
search of OTS in athletes needs to be conducted.

References

AFANASYEVA LA. & TAIMAZOV V.A. (2011): Overtraining syndrome among the athletes: endogenous
intoxication and factors of innate immunity. Uchenye zapiski universiteta imeni P.F. Lesgafta 12(82),
24-30.

AMBROZY T., RYDZIK L., OBMINSKI Z., BLACH W., SERAFIN N., BLACH B., JASZCZUR-
NOWICKI J. & OZIMEK M. (2021): The effect of high-intensity interval training periods on morning
serum testosterone and cortisol levels and physical fitness in men aged 35-40 years. Journal of Clinical
Medicine 15(10), 21-43.

ANISH E.J. (2005): Exercise and its effects on the central nervous system. Current Sports Medicine Reports
4(1), 18-23.

ANISIMOV E.A., ZHOLINSKY A.V., KRUGLOVA 1.V., DODONOV S.V., KESHISHYAN R.A,
FESHENKO V.S., OGANNISYAN M.G., KLJUCHNIKOV S.0. & PARASTAEV S.A. (2018): Mod-
ern approaches to differential diagnostics of overtraining in elite athletes. Lechebnaya fizkultura i spor-
tivnaya medicina 3(147), 38—44.

ARMSTRONG L.E., BERGERON M.F., LEE E.C., MERSHON J.E. & ARMSTRONG E.M. (2022): Over-
training syndrome as a complex systems phenomenon. Frontiers in network physiology 18(1), 1-20.

BADTIEVA V.A., PAVLOV V.I, SHARYKIN A.S., KHOKHLOVA M.N., PACHINA AV. & VY-
BORNOV V.D. (2018): An overtraining syndrome as functional cardiovascular disorder due to physical
overload. Russian Journal of Cardiology 23(6), 180-190.

BACQUE—CAZENAVE J., BHARATIYA R., BARRIERE G., DELBECQUE J.P.,BOUGUIYOUD N.,D.I.
GIOVANNI G, CATTAERT D. & DE DEURWAERDERE P. (2020): Serotonin in animal cognition
and behavior. International Journal of Molecular Sciences 21(5), 16-49.

BARIK S. (2020): The uniqueness of tryptophan in biology: properties, metabolism, interactions and locali-
zation in proteins. International Journal of Molecular Sciences 21(22), 1-22.

BELL L., RUDDOCK A., MADEN-WILKINSON T. & ROGERSON D. (2020): Overreaching and over-
training in strength sports and resistance training. Journal of Sports Sciences 38(16), 1897-1912.

BIAN F. (2018): Electroencephalogram analysis of athletes with over-training syndrome. Neuroquantology
16, 153-157.

BLOMSTRAND E., HASSMEN P., EK S., EKBLOM B. & NEWSHOLME E.A. (1997): Influence of in-
gesting a solution of branched chain amino acids on perceived exertion during exercise. Acta Physiolog-
ica Scandinavica 159(1), 41-49.

BOSQUET L., LEGER L. & LEGROS P. (2001): Blood lactate response to overtraining in male endurance
athletes. European Journal of Applied Physiology 84(1-2), 107-114.

BOSQUET L., MERKARI S., ARVISAIS D. & AUBERT A. (2008): Is heart rate a convenient tool to
monitor over-reaching? A systematic review of the literature. British Journal of Sports Medicine 42(9),
709-714.

BUDGETT R., HISCOCK N., ARIDA R.M. & CASTELL L.M. (2010): The effects of the 5-HT2C agonist
m-chlorophenylpiperazine on elite athletes with unexplained underperformance syndrome (overtrain-
ing). British Journal of Sports Medicine 44(4), 280-283.

BUYSE L., DECROIX L., TIMMERMANS N., BARBE K., VERRELST R. & MEEUSEN R. (2019): Im-
proving the diagnosis of nonfunctional overreaching and overtraining syndrome. Medicine and Science
in Sports and Exercise 51(12), 2524-2530.

18 | doi: 10.24412/2500-2295-2023-3-5-22



OVERTRAINING SYNDROME: PECULIARITIES AND PERSPECTIVES OF DIAGNOSTICS

CADEGIANI F.A. & KATER C.E. (2017): Hypothalamic-pituitary-adrenal (HPA) axis functioning in over-
training syndrome: findings from Endocrine and Metabolic Responses on Overtraining Syndrome
(EROS)-EROS-HPA axis. Sports Medicine — Open 3(1), 45.

CADEGIANI F.A. & KATER C.E. (2019): Inter-correlations among clinical, metabolic, and biochemical
parameters and their predictive value in healthy and overtrained male athletes: The EROS-CORRELA-
TIONS Study. Frontiers in Endocrinology 10, 858.

CADEGIANI F.A., DASILVAP.H.L.,, ABRAO T.C.P. & KATER C.E. (2020): Diagnosis of overtraining
syndrome: results of the endocrine and metabolic responses on overtraining syndrome study: EROS-
DIAGNOSIS. Journal of Sports Medicine 2020, 39378109.

CADEGIANI F.A., KATER C.E. & GAZOLA M. (2019): Clinical and biochemical characteristics of high-
intensity functional training (HIFT) and overtraining syndrome: findings from the EROS study (the
EROS-HIFT). Journal of Sport Science 37(11), 1296-1307.

CADEGIANI F.A. & KATER C.E. (2019): Basal hormones and biochemical markers as predictors of over-
training syndrome in male athletes: the EROS-BASAL study. Journal of Athletic Training 54(8),
906-914.

CADEGIANI F.A. & KATER C.E. (2018): Body composition, metabolism, sleep, psychological and eating
patterns of overtraining syndrome: results of the EROS study (EROS-PROFILE). Journal of Sport Sci-
ence 36(5), 1902-1910.

CADEGIANI F.A. & KATER C.E. (2018): Hormonal response to a non-exercise stress test in athletes with
overtraining syndrome: results from the Endocrine and metabolic Responses on Overtraining Syndrome
(EROS)—EROS-STRESS. Journal of Science and Medicine in Sports 21(7), 648-653.

CADEGIANI F.A. & KATER C.E. (2019): Novel causes and consequences of overtraining syndrome: the
EROS-DISRUPTORS study. BMC Sports Science, Medicine and Rehabilitation 11, 21.

CADEGIANI F.A. & KATER C.E. (2019): Novel insights of overtraining syndrome discovered from the
EROS study. BMJ Open Sport and Exercise Medicine 5(1), 000542.

CARFAGNO D.G. & HENDRIX J.C. 3rd. (2014): Overtraining syndrome in the athlete: current clinical
practice. Current Sports Medicine Reports 13(1), 45-51.

CARRARD J., RIGORT A.C., APPENZELLER-HERZOG C., COLLEDGE F., KONIGSTEIN K., HIN-
RICHS T. & SCHMIDT-TRUCKSASS A. (2022): Diagnosing overtraining syndrome: a scoping re-
view. Sports Health 14(5), 665-673.

CHENG A.J., JUDE B. & LANNER J.T. (2020): Intramuscular mechanisms of overtraining. Redox Biology
35,101480.

COUTTS A., REABURN P., PIVA T. & MURPHY A. (2007): Changes in selected biochemical, muscular
strength, power, and endurance measures during deliberate overreaching and tapering in rugby league
players. International Journal of Sports Medicine 28(2), 116-124.

CZUBA M., PLOSZCZYCA K., KACZMARCZYK K., LANGFORT J. & GAJDA R. (2022): Chronic ex-
posure to normobaric hypoxia increases testosterone levels and testosterone/cortisol ratio in cyclists.
International Journal of Environmental Research and Public Health 19(9), 5246.

DE SOUSA NOGUEIRA FREITAS L., DA SILVA F.R., ANDRADE H.A., GUERREIRO R.C., PAULO
F.V., DE MELLO M.T. & SILVA. A. (2020): Sleep debt induces skeletal muscle injuries in athletes: a
promising hypothesis. Medical Hypotheses 142, 109836.

DIKUNETS M.A, DUDKO G.A, SHACHNEV E.N, MYAKINCHENKO E.B. & LYANG 0.V. (2019): De-
velopment of overtraining syndrome: survey of hypotheses. Sports medicine: research and practice 9(2),
5-14.

DUCLOS M. (2008): A critical assessment of hormonal methods used in monitoring training status in ath-
letes. International Sport Med Journal 9(2), 56-66.

FAVRE-JUVIN A., FLORE P. & ROUSSEAUX BLANCHI M.P. (2003): Approche clinique du
surentrainement (Clinical aspect of overtraining). Sciences et Sports 18, 287-289.

GABRIEL H., URHAUSEN A., VALET G., HEIDELBACH U. & KINDERMANN W. (1998): Overtraining
and immune system: a prospective longitudinal study in endurance athletes. Medicine and Science in
Sports and Exercise 30(7), 1151-1157.

GLEESON M. (2002): Biochemical and immunological markers of overtraining. Journal of Sports Science
and Medicine 1(2), 31-41.

Opera Med Physiol. 2023. Vol. 10 (3) | 19



Yu.l. Brel, Ya.l. Faschenko, S.N. Melnik

GRANT C.C., VAN RENSBURG D.C.J., COLLINS R., WOOD P.S. & DU TOIT P.J. (2012): The Profile
of Mood State (POMS) questionnaire as an indicator of overtraining syndrome (OTS) in endurance ath-
letes. African Journal for Physical, Health Education, Recreation and Dance 18(1), 23-32.

GUSTAFSSON H., HOLMBERG H.C. & HASSMEN P. (2008): An elite endurance athlete’s recovery from
underperformance aided by a multidisciplinary sport science support team. European Journal of Sport
Science 8(5), 267-276.

HALSON S., LANCASTER G., JEUKENDRUP A. & GLEESON M. (2003): Immunological responses to
overreaching in cyclists. Medicine and Science in Sports and Exercise 35(5), 854-861.

HALSON S.L. & JEUKENDRUP A.E. (2004): Does overtraining exist? An analysis of overreaching and
overtraining research. Sports Medicine 34(14), 967-981.

HEDELIN R., KENTTA G., WIKLUND U., BJERLE P. & HENRIKSSON-LARSEN K. (2000): Short-term
overtraining: effects on performance, circulatory responses, and heart rate variability. Medicine and Sci-
ence in Sports and Exercise 32(8), 1480-1484.

HEDELIN R., WIKLUND U., BJERLE P. & HENRIKSSON-LARSEN K. (2000): Cardiac autonomic im-
balance in an overtrained athlete. Medicine and Science in Sports and Exercise 32(9), 1531-1533.
HYNYNEN E., UUSITALO A., KONTTINEN N. & RUSKO H. (2008): Cardiac autonomic responses to
standing up and cognitive task in overtrained athletes. International Journal of Sports Medicine 29(7),

552-558.

HYNYNEN E., UUSITALO A., KONTTINEN N. & RUSKO H. (2006): Heart rate variability during night
sleep and after awakening in overtrained athletes. Medicine and Science in Sports and Exercise 38(2),
313-317.

IVANCHIKOVA N.N. & SHERASH N.V. (2021): Peculiarities of the immune status of athletes (literature
review). Applied Sports Science 14(2), 91-96.

JEUKENDRUP A.E., HESSELINK M.K., SNYDER, A.C., KUIPERS H. & KEIZER H.A. (1992): Physio-
logical changes in male competitive cyclists after two weeks of intensified training. International Jour-
nal of Sports Medicine 13(7), 534-541.

JORO R., UUSITALO A., DERUISSEAU K.C. & ATALAY M. (2017): Changes in cytokines, leptin, and
IGF-1 levels in overtrained athletes during a prolonged recovery phase: a case-control study. Journal of
Sports Science 35(23), 2342-2349.

JURIMAE J., MAESTU J., JURIMAE T., MANGUS B. & VON DUVILLARD S. (2011): Peripheral signals
of energy homeostasis as possible markers of training stress in athletes: a review. Metabolism 60(3),
335-350.

KAJAIA T., MASKHULIA L., CHELIDZE K., AKHALKATSI V. & KAKHABRISHVILI Z. (2017): The
effects of non-functional overreaching and overtraining on autonomic nervous system function in highly
trained athletes. Georgian Medical News 264, 97-103.

KAJAIA T., MASKHULIA L., CHELIDZE K., AKHALKATSI V. & MCHEDLIDZE T. (2018): Implica-
tion of relationship between oxidative stress and antioxidant status in blood serum. Georgian Medical
News 284, 71-76.

KELLMANN M. & KALLUS K. (2001): Recovery-Stress Questionnaire for Athletes. Human Kinetics,
Champaign, IL, 128 pp.

KREHER J.B. & SCHWARTZ J.B. (2012): Overtraining syndrome: a practical guide. Sports Health 4(2),
128-138.

KREHER J.B. (2016): Diagnosis and prevention of overtraining syndrome: an opinion on education strate-
gies. Open Access Journal of Sports Medicine 7, 115-122.

KREIDER R.B., FRY A.C. & O’TOOLE M. L. (1998): Overtraining in sport. Human Kinetics, Champaign,
IL, 403 pp.

LEAL D.V., STANDING A.S.I., FURMANSKI A.L. & HOUGH J. (2021): Polymorphonuclear leu-
cocyte phagocytic function, yd T-lymphocytes and testosterone as separate stress-responsive
markers of prolonged, high-intensity training programs. Brain, Behavior, & Immunity — Health
13, 100234.

LEHMANN M., FOSTER C., DICKHUTH H.H. & GASTMANN U. (1998). Autonomic imbalance hypoth-
esis and overtraining syndrome. Medicine and Science in Sports and Exercise 30(7), 1140-1145.

LEHMANN M., FOSTER C. & KEUL J. (1993): Overtraining in endurance athletes: a brief review. Medicine
and Science in Sports and Exercise 25(7), 854-862.

20 | doi: 10.24412/2500-2295-2023-3-5-22



OVERTRAINING SYNDROME: PECULIARITIES AND PERSPECTIVES OF DIAGNOSTICS

LEHMANN M., GASTMANN U., PETERSEN K.G., BACHL N., SEIDEL A., KHALAF A.N.,
FISCHER S. & KEUL J. (1992): Training-overtraining: performance, and hormone levels, after a de-
fined increase in training volume versus intensity in experienced middle- and long-distance runners.
British Journal of Sports Medicine 26(4), 233-242.

LEWIS N.A., REDGRAVE A., HOMER M., BURDEN R., MARTINSON W., MOORE B. & PEDLAR C.
(2018): Alterations in redox homeostasis during recovery from unexplained underperformance syn-
drome in an elite international rower. International Journal of Sports Physiology and Performance
13(1), 107-111.

LUTI S., MODESTI A. & MODESTI P.A. (2020): Inflammation, peripheral signals and redox homeostasis
in athletes who practice different sports. Antioxidants (Basel) 9(11), 1065.

MACKINNON L., HOOPER S., JONES S., GORDON R. & BACHMANN A. (1997): Hormonal, immuno-
logical, and hematological responses to intensified training in elite swimmers. Medicine and Science in
Sports and Exercise 29(12), 1637-1645.

MARGONIS K., FATOUROS I., JAMURTAS, A., NIKOLAIDIS M., DOUROUDOS I., CHATZINIKO-
LAOU A., MITRAKOU A., MASTORAKOS G., PAPASSOTIRIOU I., TAXILDARIS K. & KOU-
RETAS D. (2007): Oxidative stress biomarkers responses to physical overtraining: implications for di-
agnosis. Free radical biology and medicine 43(6), 901-910.

MEEUSEN R., DUCLOS M., FOSTER C., FRY A., GLEESON M., NIEMAN D., RAGLIN J., RIET-
JENS G., STEINACKER J. & URHAUSEN A. (2013): Prevention, diagnosis, and treatment of
the overtraining syndrome: joint consensus statement of the European College of Sport Science
and the American College of Sports Medicine. Medicine and Science in Sports and Exercise 45(1),
186-205.

MEEUSEN R., NEDERHOF E., BUYSE L., ROELANDS B., DE SCHUTTER G. & PIACENTINI M.F.
(2010): Diagnosing overtraining in athletes using the two-bout exercise protocol. British Journal of
Sports Medicine 44(9), 642-648.

MEEUSEN R., PIACENTINI M.F., BUSSCHAERT B., BUYSE L., DE SCHUTTER G. & STRAY-
GUNDERSEN J. (2004): Hormonal responses in athletes: the use of a two bout exercise protocol to
detect subtle differences in (over)training status. European Journal of Applied Physiology 91(2-3),
140-146.

MERRITT E.K., NIEMAN D.C., TOONE B.R., GROEN A. & PUGACHEV A. (2019): Proteomic markers
of non-functional overreaching during the Race Across America (RAAM): A Case Study. Frontiers in
physiology 10, 1410.

NEDERHOF E., ZWERVER J., BRINK M., MEEUSEN R. & LEMMINK K. (2008): Different diagnostic
tools in nonfunctional overreaching. International Journal of Sports Medicine 29(7), 590-597.

ORDZHONIKIDZE Z.G, DEMIDOV N.A, PAVLOV B.I, BADTIEVA V.A, REZEPOV A.C, VOLKOVA
0.S, PLOTNIKOV S.G, & GVINIANIDZE M.V. (2018): Endocrine aspect of overtraining in athletes.
Sports medicine: research and practice 8(4), 16-21.

PARRY-BILLINGS M., BUDGETT R., KOUTEDAKIS Y., BLOMSTRAND E., BROOKS S., WILLIAMS
C., CALDER P.C,, PILLING S, BAIGRIE R. & NEWSHOLME E.A. (1992): Plasma amino acid con-
centrations in the overtraining syndrome: possible effects on the immune system. Medicine and Science
in Sports and Exercise 24(12), 1353-1358.

PETIBOIS C., CAZORLA G. & DELERIS G. (2000): FT-IR spectroscopy utilization to sportsmen fatigabil-
ity evaluation and control. Medicine and Science in Sports and Exercise 32(10), 1803-1808.

PETIBOIS C. & DELERIS G. (2004): Alterations of lipid profile in endurance over-trained subjects. Archives
of Medical Research 35(6), 532-539.

POWERS S.K., DEMINICE R., OZDEMIR M., YOSHIHARA T., BOMKAMP M.P. & HYATT H. (2020):
Exercise-induced oxidative stress: Friend or foe? Journal of Sport and Health Science 9(5), 415-425.

RAGLIN J. & MORGAN W. (1994): Development of a scale for use in monitoring training-induced distress
in athletes. International Journal of Sports Medicine 15(2), 84-88.

RIETJENS G., KUIPERS H., ADAM J., SARIS W., BREDA E., HAMONT D. & KEIZER H.A. (2005):
Physiological, biochemical and psychological markers of strenuous training-induced fatigue. Interna-
tional Journal of Sports Medicine 26(1), 16-26.

ROWBOTTOM D.G., KEAST D., GOODMAN C. & MORTON A.R. (1995): The haematological, biochem-
ical and immunological profile of athletes suffering from the overtraining syndrome. European Journal
of Applied Physiology and Occupational Physiology 70(6), 502-5009.

Opera Med Physiol. 2023. Vol. 10 (3) | 21



Yu.l. Brel, Ya.l. Faschenko, S.N. Melnik

SHAH A.M., WANG Z. & MA J. (2020): Glutamine metabolism and its role in immunity, a comprehensive
review. Animals (Basel) 10(2), 326.

SHEPHARD R. (2001): Chronic fatigue syndrome: an update. Sports Medicine. 31(3),167-194.

SHLYK N.I. (2015): Express - evaluation of the functional readiness of the organism athletes for training and
competitive activity (according to the analysis of heart rate variability)."Science and Sport: Current
Trends 4(9), 5-15.

SMITH D.J. & NORRIS S.R. (2000): Changes in glutamine and glutamate concentrations for tracking train-
ing tolerance. Medicine and Science in Sports and Exercise 32(3), 684-689.

SMITH L.L. (2000): Cytokine hypothesis of overtraining: a physiological adaptation to excessive stress?
Medicine and Science in Sports and Exercise 32(2), 317-331.

SMITH L.L. (2004): Tissue trauma: the underlying cause of overtraining syndrome. Journal of strength and
conditioning research 18(1), 185-193.

SUZUKI K. (2019): Characterization of exercise-induced cytokine release, the impacts on the body, the
mechanisms and modulations. International Journal of Sports and Exercise Medicine 5, 122.

TANSKANEN M., ATALAY M. & UUSITALO A. (2010): Altered oxidative stress in overtrained athletes.
Journal of Sports Sciences 28(3), 309-317.

TIAN Y., HE Z., ZHAO J., TAO D., XU K., MIDGLEY A. & MCNAUGHTON L. (2015): An 8-year lon-
gitudinal study of overreaching in 114 elite female Chinese wrestlers. Journal of Athletic Training 50(2),
217-23.

URHAUSEN A., GABRIEL H. & KINDERMANN W. (1998): Impaired pituitary hormonal response to ex-
haustive exercise in overtrained endurance athletes. Medicine and Science in Sports and Exercise 30(3),
407-414.

UUSITALO A., UUSITALO A. & RUSKO H. (2000): Heart rate and blood pressure variability during heavy
training and overtraining in the female athlete. International Journal of Sports Medicine 21(1), 45-53.

WALSH N., BLANNIN A., ROBSON P. & GLEESON M. (1998): Glutamine, exercise and immune func-
tion: links and possible mechanisms. Sports Medicine 26(3), 177-191.

WAN J.J., QIN Z.,, WANG P.Y., SUN Y. & LIU X. (2017): Muscle fatigue: general understanding and treat-
ment. Experimental and Molecular Medicine 49(10), 384.

WEAKLEY J., HALSON S.L. & MUIJIKA 1. (2022): Overtraining syndrome symptoms and diagnosis in
athletes: where is the research? A Systematic Review. International Journal of Sports Physiology and
Performance 17(5), 675-681.

22 | doi: 10.24412/2500-2295-2023-3-5-22





