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Abstract  Problem statement: Athletes’ intense
physical activity causes stress reactions, which can affect
the adaptive processes in the body. These changes are
accompanied by changes in the number of blood cells
before and after training. The aim of the research is to
study the impact of physical activity on the state of adaptive
processes in the adolescent futsal athletes’ bodies at the
final stage of immune system formation. Materials and
methods: The study was conducted among futsal boys
aged 13-14 years. The experimental group (EG) consisted
of 15 adolescent futsal players, with an average age of
13.5340.08 years. The control group (CG) included 15
adolescents who did not play futsal, with an average age of
13.6040.08 years. All adolescents (n=30) were at the final
stage of immune system formation. Adaptive processes
were determined by the value of the Adaptation Index.
Statistical analysis of the obtained results was carried out
by determining the mean values and errors (M#m). The
reliability of the data in the sample was calculated using the
Student’s t-test, and the difference was considered
significant at p<0.05. Results: The adolescent futsal
players showed a tendency to slightly increase the absolute
and relative number of granulocyte leukocytes (P>0.05)
and an increase in the number of eosinophilic granulocytes
- by 50.00% (P>0.05) compared to the control. A tendency
was found to decrease monocytes and lymphocytes,

namely their absolute and relative number compared to the
control. The index of adaptation was 66,67+14,91% in the
zone of calm activation, but it was lower than in CG
86.6719.43% (P>0,05); in the zone of training, it was
higher, 33.38421.08%, than in CG 13.3842.40% (P>0,05).
Conclusions: Intense physical activity leads to minor
stress reactions in adolescent futsal players. The obtained
results showed that intensive physical activity of
adolescent futsal players leads to a slight tendency to
reduce the level of adaptation processes in the body by
10% after physical activity. It is recommended to use the
adaptation index in medical practice to monitor the body's
protective reactions in athletes.
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Adaptation Processes, Immunity, Adolescents

Activity,

1. Introduction

Modern sports require athletes to constantly train in
order to increase the body’s internal reserves [1, 2]. The
authors determined that moderate physical activity
contributes to improving immunological reactivity. High-
intensity physical exercises have the opposite effect: they
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entail the activation of immunological and endocrine
mechanisms [3, 4]. One of the stress factors is intense
physical activity, the characteristic of game sports,
especially futsal [5, 6]. With intense physical activity,
athletes” immunological resistance decreases, which makes
them more susceptible to infections, physical fatigue and
negative environmental factors. Besides, the produced
stress hormones do not reach high levels during short
moderate physical exercise, while they suppress the
function of immune cells during intense exercise [7].

The secretion of hormones regulates the functioning of
the immune system, which contributes to the body's
adaptation to the environment and internal physiological
changes [8]. At this stage of development, it is very
important to take into account the peculiarities of
adaptation processes during physical exercise, especially
for adolescent futsal players [8, 9].

A high level of physical activity during sports leads to
psychological stress [10], physiological and metabolic
disorders, and dysfunction of the immune system [11, 12].
The authors have found that when glycogen stores are
depleted against the background of excessive physical
activity, the levels of lipid metabolites in the body can
increase [13, 14]. In case of the damage to the muscle tissue
during intense physical exertion, innate immunity is
activated, involving granulocytes, monocytes, and
macrophages [5]. An immature immune response increases
susceptibility to infection [15, 16]. The development of the
immune system is accompanied by critical periods in
children aged 13-14 years [8, 9].

Immune cells express receptors for glucocorticoids and

sex hormones and, therefore, are regulated by these steroids.

The ability to express a certain number of cytokines can be
programmed by prolonged exposure to sex hormones,
starting from an early age [8, 17].

Hematopoiesis and immunological resistance are two
functions of the same cellular immune populations [18].
The authors report a significant decrease in the percentage
of lymphocytes, but not the absolute number of
lymphocytes, in athletes after training, which may be
associated with an increase in the absolute number of
granulocytes, suggesting an increased risk of infection in
adolescent athletes [19, 20].

The authors provide a description of the main
interactions of immunity and physical exercise, as well as
some influential factors and current recommendations for
supporting the immune system [21, 22].

Thus, the issue of studying the state of immunity and
the adaptive capabilities of the body in adolescent athletes
in response to excessive training loads and psychological
stress is relevant. Insufficient recovery of the body poses a
risk of depletion of immune system cells and reduced
stress reactions, which can contribute to the development
of immunosuppression with a negative impact on the
overall health of athletes [23, 24].

Therefore, the aim of this research is to study the
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influence of physical activity on the adaptive processes in

the adolescent futsal athletes’ bodies at the last critical

stage of immune system formation. The aim involves the
fulfilment of the following research objectives:

- Analyse the data of the current academic literature on
the influence of physical activity on the adaptive
capabilities of the adolescent futsal athletes’ bodies;

- Determine the influence of physical activity on the
state of the main components of blood cells and
calculate the Adaptation Index in adolescent futsal
athletes;

- Recommend the use of the Adaptation Index when
observing futsal athletes during training.

2. Materials & Methods

2.1. Participants

The study involved 35 adolescent futsal players aged 13-
14 who regularly trained at the Futsal Academy in
Uzhhorod. Of these, 15 boys who regularly attended
training were selected, as they were considered relatively
healthy and did not have any signs of illness at the time of
the study. The EG included 15 male futsal players, with an
average age of 13.53+0.08 years. The main selection
criteria were the requirements for professional mini-
football, the absence of chronic diseases, age and gender.
The CG included 15 healthy adolescents who did not
professionally play mini-football, and were physically
active, with an average age of 13.60+0.08 years. The
groups were representative in terms of age and gender. All
adolescents (n=30) were in the final period of immune
system formation. All respondents played mini-football
and regularly attended futsal. They actively engaged in
training and competitions. This research strategy enabled
objective determination of the parameters of the main
populations of immunocompetent cells in the blood and
the type of adaptive reaction of each futsal player. The
sample was formed and selected randomly, and data
collection was carried out with confidentiality. The work
was carried out in accordance with the Ethical Principles
for Medical Research Involving Human Subjects, the
Universal Declaration on Bioethics and Human Rights,
and was approved by the local commission of the
academy. Before the study, the parents of all children gave
informed written consent to conduct observation and
examination of their children, use the results, and publish
factual data in the academic paper. All of them were
informed about the purpose, objectives, and stages of the
study.

2.2. Procedure
The empirical study was conducted from January 2024

to April 2024. The study was carried out sequentially in
three stages. These stages are presented in Figure 1.
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* Literature analysis.

* Determining the aim,
objectives and hypotheses
of the research

* Formation of the sample,
selection of the main
research tools and methods

* Outlining the scope of the
study

Stage 1. Preparatory.
Stage 2. Research.

* Calculation of White
Blood Cell (WBC) Count

* Calculation of the
Adaptation Index

* Determination of the type
of adaptive reaction
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* Analysis of the obtained
results

* Summary

* Drawing conclusions and
providing practical
recommendations

Stage 3. Final.

Figure 1. Stages of imperial research. Source: created by the authors of the research

2.3. Data Collection and Analysis

The blood system is one of the indicators of adaptive
transformations in the body in the homeostasis. The
leukocyte formula is used for the analysis of the stages of
adaptive reactions occurring in the body. The
morphological picture of the formed elements of the blood
was studied according to the data of the general blood test
and the calculation of the main cell populations of futsal
athletes, which were presented in absolute and percentage
values. The features of immune reactivity in different types
of adaptive reactions that occur in futsal players before and
after physical exertion were studied by calculating the
Adaptation Index (Ai).

The blood was sampled in the morning on an empty
stomach. The number of leukocytes was determined and
the leukocyte formula was calculated using generally
accepted methods. The obtained data of the leukocyte
formula of the blood gave grounds to establish the level of
adaptive stress (Ai), which was calculated by using the
formula:

Adaptation Index (Ai) = lymphocytes / segmented
neutrophil granulocytes

The type of adaptive reaction of each male futsal player
was determined based on the Ai level:

Ai is in the range from 0.07 to 0.29 c.u. corresponding to
the stress reaction;

Ai - from 0.30 to 0.47 c.u. - training reactions;

Ai - from 0.48 to 0.68 c.u. - calm activation reaction of;

Ai - from 0.69 to 1.13 c.u. - increased activation reaction.

Aii increases in the direction = stress < training < calm
activation reaction < increased activation reaction. High
values indicate a favourable prognosis and adaptation of
the body to physical exertion, a non-specific reaction of the
body to the action of external factors.

2.4. Statistical Analysis

Statistical processing of the obtained data was carried
out using Microsoft Excel 5.0 and Statistica 6.0. Mean
values (M) and standard errors of the arithmetic mean (#m)

were determined for statistical analysis. The conformity of
the type of distribution of the features to the law of normal
distribution was checked using the Shapiro-Wilk method.
Comparison of indicators in two samples was carried out
using the nonparametric Mann-Whitney test. Comparative
analysis was performed using the Student’s t-test, and the
difference was considered significant at p<0.05. Statistical
significance was assessed at a level not lower than 95.0%
(p<0.05).

2.5. Instruments

MS Excel and Statistica 6.0 were used for statistical data
processing.

3. Results

Adaptation processes in the body of futsal athletes were
assessed based on the analysis of the results of the study of
the absolute and relative number of the main populations of
immunocompetent blood cells (Table 1). A detailed
analysis of the leukocyte formula in the CG futsal athletes
revealed some differences. It was established that the
number of leukocytes (absolute value) in the blood of futsal
athletes tended to increase by 0.35%.

An increase of 4.38% in the relative number of
granulocytic leukocytes (P>0.05), 2.62% of neutrophilic
granulocytes, 15.61% of rod-shaped neutrophils, 2.24% of
segmented, and 50% (P>0.05) of eosinophilic granulocytes
was detected. An increase of 7.51% in the number of
granulocytes, 4.95% of neutrophilic granulocytes (absolute
number), 20.0% of rod-shaped, 4.82% of segmentonuclear
and 50% (P<0.05) was found. Changes in the leukocyte
formula entailed a decrease of 3.21% of agranulocytes
(absolute number) because of a decrease of 6.59% of
lymphocytes and an increase of 10.71% of monocytes. A
6.88% decrease in the relative number of agranulocytes
was accompanied by an 8.69% decrease in lymphocytes
(relative number) and an increase of 4.23% (P>0.05)
(relative number) of monocytes compared to the CG.

In futsal athletes, the erythrocyte sedimentation rate had
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an improbable slight tendency to decrease by 19.35%, but
the index was within the range of the average values of the
CG. The concentration of haemoglobin in the blood, the
absolute number of erythrocytes and the colour index
corresponded to the CG indicators. So, a stable tendency to
a slight increase in leukocytes (absolute and relative
number) was established in adolescent futsal athletes, by
50.00% (P>0.05) of the number of eosinophilic
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granulocytes. A tendency to a decrease in lymphocytes and
monocytes (absolute and relative number) was revealed in
comparison with the CG. The results may be potentially
significant in the future, which requires further
investigation. The indicators of individual adaptation zones
of futsal athletes who were at the last stage of immune
system formation are presented in Table 2 and the values
of the Adaptation Index in the EG are shown in Figure 2.

Table 1. Absolute and relative number of the main populations of immunocompetent blood cells of adolescent futsal athletes who are in the last critical

period of immune system formation

Indicator Units of measurement Futsal athletes (n-15) | CG (n-15) Disturbance P
Leukocytes x10% 6.0940.62 5.9540.72 + >0.05
Granulocytic leukocytes % 65.8044.14 62.73+3.99 +1 >0.05
x109 4.0140.37 3.7330.38 +l >0.05
Neutrophilic granulocytes % 62.7324.40 61.13#4.21 +1 >0.05
x10%1 3.8240.38 3.6440.37 + >0.05
Rod-shaped neutrophils % 2.0040.20 1.7340.59 +1 >0.05
x10%1 0.1240.01 0.1040.01 + >0.05
Segmentonuclear neutrophils % 60.7844.82 59.4044.29 +1 >0.05
x10%1 3.70+0.38 3.5340.36 +l >0.05
Eosinophilic granulocytes % 2.4040.19 1.6040.63 all >0.05
x10%1 0.1540.02 0.1040.01 +1 <0.05
Agranulocytes % 34.8744.39 37.2743.99 -1 >0.05
x10%1 2.1240.22 2.2240.23 -1 >0.05
Lymphocytes % 29.9343.99 32.5343.76 -1 >0.05
x10%1 1.8240.18 1.9440.20 -1 >0.05
Monocytes % 4.93+1.22 4.73+.39 +l >0.05
x10%1 0.3040.03 0.2840.03 + >0.05
Erythrocyte sedimentation rate mm/h 5.6740.85 6.8042.01 -1 >0.05
Erythrocytes x10%/1 4.4840.23 4.47 #0.26 +l >0.05
Haemoglobin r/l 147.13+.72 147.6044.59 -1 >0.05
Colour Index c.u. 0.9540.05 0.9040.08 + >0.05

Source: developed by the authors

Table 2. Indicators of individual adaptation zones of the futsal athletes’ bodies who are at the critical stage of immune system formation
Individual adaptation zone Futsal athletes (n-15) Control (n-15) P
Abs. % Abs. %
Stress zone 0 - 0 -
Training zone 5 33.38+21.08 2 13.3842.40 >0.05
Calm activation zone 10 66.67+14.91 13 86.6749.43 >0.05
Increased activation zone 0 - 0 -

Source: developed by the authors
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Figure 2. Adaptation Index (Al) of adolescent futsal athletes. D —
disturbance. Source: developed by the authors

According to the study of individual adaptive and
compensatory stress of adolescent futsal players, the level
of the Adaptation Index was in the calm activation zone,
but was 10.0% lower than in the CG (P>0.05). At the same
time, considering the level of adaptation processes in futsal
players, a negative trend towards a decrease in the level of
adaptation should be noted. The number of futsal athletes
in the calm adaptive activation zone was 20% less (P>0.05),
while there were 20% more futsal players in the training
zone compared to the control.

No stressful situation was detected in the futsal players
of the main group during training. The percentage of futsal
players who were in the “calm activation zone” was more
frequent, which almost reached control. The prevalence of
certain non-specific adaptive reactions of the body was
established, namely the “training zone” and the “calm
activation zone”. The adaptation index increased in the
direction of “stress zone” - “training zone” - “calm
activation reaction zone” - “increased activation reaction
zone”. The increase in the values of the Adaptation Index
indicated positive adaptive responses of the body,
normalization of the initial state of futsal athletes, and
readiness for effective training in sports.

4. Discussion

In our study, blood cells were identified for the
calculation of the Adaptation Index. The adaptation
processes in the futsal players’ bodies were assessed before
and after physical exertion. There is very little scientific
data on this issue in the current literature. The data we
obtained are somewhat consistent with other studies, but
require further research [25].

Exercise increases both absolute and relative leukocyte
counts. Transient leukocytosis occurs after short (minute)
dynamic exercise and is more persistent with prolonged
endurance exercise and returns to pre-exercise levels
within 6-24 hours.

Neutrophils and lymphocytes are the main contributors
to this response, while monocytes contribute to a lesser
extent. However, the response is different for these cells:
during the early recovery phase (30-60 min after exercise),
neutrophilosis is associated with lymphocytopenia, which
can be particularly pronounced to clinically significant low
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levels (<1.0 10 9 /L, compared with pre-exercise values)
and can last up to 6 hours [19, 20].

For example, in an observational study, the researchers
showed a relationship between changes in immunological
markers of capillary blood and sleep indicators in
adolescent track and field athletes. A significant decrease
in the number of leukocytes, granulocytes, percentage of
granulocytes, monocytes, and the granulocyte-lymphocyte
ratio was found. The percentage of lymphocytes increased
significantly, and the systemic immune-inflammation
index (SII) showed no difference after training and before
the next training [15, 18]. We showed that a slight shift in
the leukocyte formula entailed changes in the Adaptation
Index and identified the adaptation processes occurring in
the body of male futsal players. They were distributed
according to the corresponding reactions of the body —
“stress zone” — “training zone” — “calm activation reaction
zone” — “increased activation reaction zone”.

Nowadays, researchers have proved that changes in the
immune response are associated with age and gender [8,
9]. Scientific data confirm that intense physical activity
entails a decrease in functional reserves and affects the
hormonal status of the athlete’s body [24, 26]. The role of
the body’s immune system in the formation of sports
activity is invaluable and is associated with the disclosure
of mechanisms of adaptation to physical exertion [7, 27].
Therefore, regular physical activity as a means of
preventing chronic diseases and improving overall health
is confirmed by the data of many studies. In normal
children, moderate-intensity physical exercise improves
overall health and strengthens immunity, while the
intensity and duration of physical activity must be
controlled in athletes [4, 28].

World experience confirms that during physical exertion,
futsal athletes may develop significant changes in the
immune system, which lead to maladaptation of the body
[9, 29]. Some of the immune functions are stimulated by
moderate physical exertion, while more intense ones
suppress the immunological reactivity of the human body
and lead to its imbalance. Intense exercises are likely to
cause subclinical muscle damage and cause an associated
inflammatory reaction [3, 22]. It is proven that a well-
functioning immune system is required for effective
protection against pathogenic organisms. Therefore, futsal
athletes with weakened immune systems are exposed to an
increased risk of infection [17, 30], so these changes in the
body must be carefully monitored.

So, the aim of the research was to study the influence
of physical activity on the state of adaptation processes in
the bodies of adolescent futsal players at the last critical
stage of the immune system formation. The research
objectives were to analyse data from the world literature
on the influence of physical activity on the adaptive
capabilities of the futsal players’ bodies, study the
features of the blood cell content, and calculate the
Adaptation Index. It gave grounds to establish the type of
adaptation reaction of each futsal player and to analyse
the data in the general group.
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The objectives were fulfilled and practical
recommendations were provided on the use of the
Adaptation Index when observing athletes during training,
which is a simple and reliable indicator of assessing the
adaptive reactions of the body. It was found that intensive
physical activity in adolescent futsal players leads to a
slight tendency to a 10% decrease (P>0.05) in the
adaptation processes in the body. These changes most
likely occur against the background of an unformed
immune system and physiological changes that are inherent
in adolescents of the corresponding sex.

4.1. Limitations

A limitation of this study was the small sample size, and
a certain percentage of adolescent futsal players were
excluded from the study because of their refusal to undergo
laboratory tests or those who did not consistently attend
training.

4.2. Recommendations

The Adaptation Index is a simple and informative
parameter for assessing the body’s adaptive reactions,
which is recommended for use by medical staff, as well as
for monitoring by trainers.

5. Conclusions

The relevance of the study is due to the study of adaptive
reactions of the body in response to physical activity in
adolescents playing mini-football at the last critical stage
of the formation of the immune system. The leukocyte
formula was studied as the basis for calculating the
adaptation index, which indicated nonspecific adaptive
reactions of the body. At the last stage of immune system
formation in adolescents, the content of sex hormones
increases, which can lead to a decrease in cellular immunity.
An imbalance in the immune system can be caused by
intense physical activity. Therefore, it is important to
constantly monitor the adaptive performance of the
athlete’s body. It has been shown that the absolute and
relative number of the main populations of blood cells in
adolescent futsal players were multidirectional. A
significant increase in the relative number of rod-shaped
leukocytes and neutrophilic granulocytes was found with a
parallel significant increase in rod-shaped and segmented
neutrophils by 2.24%, and eosinophilic granulocytes by
50% (P>0.05).

The obtained results gave grounds to establish that
intensive physical activity of adolescent futsal players
leads to a slight decrease in the level of adaptation
processes in the body. These changes are most likely to
occur against the background of an unformed immune
system and physiological changes inherent in adolescents
of the corresponding sex.
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The research prospects include the study of the
morphological picture of blood in order to calculate the
Adaptation Index. It is planned to study the features of the
Adaptation Index and establish the adaptive capabilities of
the body in adolescent girls who are actively training in
mini-football. These parameters in adolescent female
futsal players shall be analysed depending on age.
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