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INTRODUCTION 
The current conditions of production development 
are constantly depleting human biological and func-
tional reserves. Adaptation processes are disrupted, 
maladaptation syndrome develops and, as a result, pa-
thology progresses [1]. One of the indicators of human 
adaptation is biological age, which should be taken 
into account to predict individual health, as it makes 
it possible to assess the degree of compliance of the 
biological development of the body with the calendar 
age of a person, reflects the rate of biological aging, 
which determines the level of functioning of the main 
life support systems and life expectancy. Differences 
between the calendar and biological ages make it 
possible to assess the intensity of aging and the level 
of functional capabilities of an individual [2].

The analysis of the life expectancy and quality of life 
of Ukrainians shows that over the past decade, there has 

been a sharp deterioration in the health of the popula-
tion of all ages, including students. The peculiarities of 
students’ education in recent years are characterized by 
a decrease in motor activity and an increased level of 
stress against the background of intensification of the 
educational process in the context of distance learning 
due to quarantine restrictions and martial law, which 
causes premature aging of their bodies [3, 4].

The biological age characterizes the level of wear 
and tear of the body as a whole by comparing the ac-
tual values of individual biomarkers with the norms of 
these values according to the calendar age [5]. Various 
studies have shown that the biological age of students 
ranges from 40 to 46 years on average. The discrepancy 
between the biological and the passport age ranges 
from 10 to 40 years, while 15-20 years ago the difference 
between the calendar and the biological age was 4-5 
years [6]. 
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difference was recorded in the EG. In addition, there were significant changes in the EG in the following indicators: inspiratory breath holding (11.6 %), subjective 
health assessment (38.5 %), and static balancing (20.0 %). 
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positive dynamics of the biological age indicators of student youth. The results of the research can be implemented in physical education and the process of 
sports improvement of students in higher educational institutions.
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Since the body’s aging rate can have a real predictive 
value for assessing an individual’s health, the study of 
the biological age of students is an important measure 
for pedagogical control of the effectiveness of physical 
education in higher education. At the same time, ratio-
nally organized motor activity, which arouses interest 
and has a comprehensive health-promoting effect, 
has potential opportunities for pedagogical influence 
on slowing down the age-related aging processes in 
students’ bodies. 

Studies show that various types of martial arts are 
in special demand among male students. Martial arts 
training helps to increase the overall performance of the 
body, develop motor skills, and improve the functional 
capabilities of the body in the conditions of different 
motor modes of muscle function. 

The level of motor fitness of students depends largely 
on the focus of the educational process, its structure, 
content, methods, and means of physical education. 
By choosing a particular sport for training sessions, 
students try to meet their individual biological and 
psychological needs for motor activity [7, 8, 9]. In recent 
years, many researchers have addressed the problem 
of improving the organization of health-promoting 
physical education training sessions for students using 
different types of martial arts [10, 11]. However, it is still 
important to study the influence of speed and strength 
exercises on reducing the biological age of students in 
the process of their physical education.

AIM
The aim is to investigate the impact of speed and 
strength physical loads on promoting health and re-
ducing the biological age of student youth.

MATERIALS AND METHODS
The research was conducted in 2022-2023. The research 
involved 180 students of pedagogical specialties of the 
Ukrainian State Dragomanov University aged 18-19 
who had not been involved in sports before entering 
the higher educational institution. The first stage of 
the experiment (ascertaining, 2022) provided for the 
study of the biological age of 120 students, and the 
second (formative, September 2022 – May 2023) sub-
stantiated the methodology for martial arts training 
sessions based on physical loads of speed and strength 
orientation. To test its effectiveness, 60 students were 
involved. The experimental (EG) and the control (CG) 
groups of 30 people were formed, respectively. The EG 
students, in addition to compulsory physical education 
training sessions according to the schedule 2 times a 

week (4 hours), attended sports club martial arts train-
ing sessions 3 times a week (6 hours), which amounted 
to 10 hours of exercise per week. The CG students were 
engaged in a traditional physical education program 
(4 hours of compulsory training sessions) and attend-
ed optional or sports club training sessions in other 
sports of their choice (6 hours). Due to the simplicity 
of application and relative objectivity of the interpre-
tation of the results, the biological age of students was 
determined by the method of V. P. Voitenko, using the 
following formula [2]:
BA = 27.0 + 0.22 × BPs – 0.15 × IHB +0.72 × SHS – 0.15 × SB, 
where BA – biological age, years, BPs – systolic blood 
pressure, mm  Hg, IHB – inspiratory holding of the 
breath, s, SHS – self-assessment of health status, points, 
SB – static balancing, s.

To assess the rate of aging of the students’ bodies, 
it is necessary to compare the individual values of the 
actual biological age (BA) and the passport age (PA), 
which characterizes the average population standard 
of age-related “wear and tear”. At the beginning and 
the end of the academic year, students’ BA was diag-
nosed by the following indicators (biomarkers): systol-
ic blood pressure (BP, mm Hg), inspiratory holding of 
the breath (IHB, s), index of self-assessment of health 
status (SHS) according to the special questionnaire 
(29 questions, points, number of negative answers), 
time of static balancing (SB, s). At the beginning of the 
formative stage of the experiment, the homogeneity 
of all the EG and the CG indicators was determined 
(p > 0.05), and it was found that the distributions of 
the EG and the CG were normal, which allowed us to 
assess the reliability of the results using the Student’s 
t-test. All indicators are presented as M ± m, where 
M is the arithmetic mean, and m is the error of the 
mean. The process of the research implementation 
was built following the requirements of scientific 
ethics. The research was approved by the Academic 
Ethics Commission of Ukrainian State Dragomanov 
University. The pedagogical experiment was open, 
its participants were informed about the aim of the 
research and voluntarily participated in it.

RESULTS 
The average PA of students is 18.2 years (Table 1). The 
youngest student’s BA is 23.5 years, which is 5 years 
higher than their PA; in all other ca1es, the indicators 
of students’ BA are much worse.

The degree to which the BA exceeds the PA is pre-
sented in Table 2.

The rate of body aging was estimated by the differ-
ence between the BA and the PA (Table 3).
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The motor experience of students was taken into ac-
count when developing the content of the educational 
material for martial arts training sessions. The success 
of competitive activities during martial arts training is 
influenced by loads of speed and strength orientation, 
which involve the performance of short-term and long-
term work. The experience of the best practice recognizes 

that the development of the strength of the muscular 
corset, legs, and arms is the basis of strength training in 
martial arts. The main methods of developing students’ 
strength abilities are repetitive (or repetitive-serial) and 
circuit training with the use of non-limited weights. It is 
expedient to apply game and competitive methods for 
the development of speed and strength qualities. In this 

Table 1. Biological and passport age of 18-19-year-old students under study (n = 120)
Indicators PA, years BA, years Difference, years Difference, %

М ± m 18.2 ± 1.15 44.8 ± 6.72 26.6 ± 5.57 142.8 ± 45.64

Table 2. The degree to which the biological age of 18-19-year-old students exceeds their passport age (n = 120)
Excess amount, % Number of students ( %)

by 100 % (or twice) 25 (21 %)

from 100 to 150  % (from 2 to 2.5 times) 43 (36 %)

from 151 to 200 % (from 2.5 to 3 times) 34 (28 %)

from 201 to 222 % (more than 3 times) 18 (15 %)

Table 3. Correlation of the biological and the passport age and assessment of aging rates of 18-19-year-old students (n = 120)
Difference, years The rate of aging Number of students, (%)

from –15 to – 9 sharply slowed down 0 (%)

from – 8.9 to – 3 slowed down 3 (3 %)

from – 2.9 to +2.9 BA = PA 5 (4 %)

from +3 to +8.9 accelerated 11 (9 %)

from +9 to +15 sharply accelerated 101 (84 %)

Table 4. Correlation between the biological and the passport age of 18-19-year-old students in the conditions of the formative stage of the pedagogical 
experiment (M ± m, n = 60)

Indicators Groups Before the 
experiment

After the 
experiment

% increase in the 
indicators Reliability

PA
EG 18.1 ± 1.1 19.2 ± 1.1 5.6 р > 0.05

CG 18.2 ± 1.15 19.2 ± 1.15 5.3 р > 0.05

BA
EG 44.3 ± 5.72 38.1 ± 2.72 -15.1 р ≤ 0.05

CG 44.8 ± 6.72 43.8 ± 2.1 -2.6 р > 0.05

Difference between the PA 
and the BA, years

EG 26.2 ± 4.62 18.9 ± 5.57 -32.4 р ≤ 0.05

CG 26.6 ± 5.57 24.6 ± 5.57 -7.8 р > 0.05

Table 5. Dynamics of individual biomarkers for assessing the biological age of 18-19-year-old students in the conditions of the formative stage of the 
pedagogical experiment (M ± m, n = 60)

Indicators Groups Before the 
experiment

After the 
experiment

% increase in the 
indicators Reliability

BP, mm Hg.
EG 116.5 ± 4.5 117.0 ± 3.5 0.4 р > 0.05

CG 117.5 ± 4.5 117.5 ± 3.5 0 р > 0.05

IHB, s
EG 70.0 ± 2.2 78.6 ± 2.3 11.6 р ≤ 0.05

CG 71.0 ± 1.8 69.5 ± 2.0 -2.1 р > 0.05

SHS, points
EG 19.5 ± 1.5 13.2 ± 2.3 -38.5 р ≤ 0.05

CG 18.3 ± 1.5 17.5 ± 1.5 -4.5 р > 0.05

SB, s
EG 10.89 ± 0.53 13.31 ± 0.28 20.0 р ≤ 0.05

CG 10.77 ± 0.43 11.75 ± 0.43 8.7 р ≤ 0.05
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case, it is worth using games and relays with elements of 
jumping, climbing, throwing, weight transfer, etc., as well 
as competitive fights. The method of circuit training in 
speed and strength preparation of students in martial arts 
training sessions provides a complex action on different 
muscle groups with the use of exercises with non-limited 
weights, which are performed in a circle of 4-6 “stations” 
(the place of performance of the given exercises) with a 
certain number of repetitions for a certain unit of time 
and rest (transition between “stations”) at least 2-3 min-
utes, during which exercises on muscles relaxation are 
performed. The number of repetitions and approaches 
is determined depending on the size of the weight (the 
larger the weight, the fewer repetitions of the exercise 
and approaches), as well as the individual capabilities of 
students. During active rest between motor loads, young 
men performed exercises on stretching, increasing mobil-
ity in joints, and relaxation of muscles. In the dynamics of 
training sessions, it is necessary to periodically change the 
amount of additional weight, and increase the number of 
repetitions or approaches in a series of strength exercises. 

Since the components of speed abilities are indepen-
dent of each other, they can be developed both sepa-
rately and comprehensively. The main methods of speed 
development are repetitive-serial, game, and competitive. 
The means are technically simple exercises of maximum 
intensity lasting 6-10 s, performed in 3-4 approaches with 
an interval of rest until complete recovery (100 ± 10 beats/
min or 1.5-2 minutes). The development of speed and its 
components is planned under the condition of optimal 
working capacity of students, that is, at the beginning of 
training sessions. However, despite the necessity to take 
into account the specifics of martial arts, the health-pro-
moting orientation is the leading approach in the con-
struction of the content of training sessions with students. 
The content of realization of health-promoting tasks in the 
process of martial arts training consists of the prevention 
of diseases and injuries, the increase of functional capa-
bilities of an organism, and the versatile and harmonious 
development of motor qualities in students.

Thus, the reduction of 18-19-year-old students’ BA in 
the process of using loads of speed and strength orien-
tation during martial arts training sessions is provided 
by the realization of health-promoting tasks of physical 
education aimed at increasing functional capabilities of 
an organism, development of motor qualities, prevention 
of disorders in work of organs and systems of an organism 
and traumatism.

Evaluation of the CG and the EG students’ BA at the 
beginning and the end of the academic year showed a 
decrease in the difference between the BA and the PA, 
but these changes were unreliable in the CG students 
(p > 0.05), while a statistically significant decrease in the 

BA was recorded in the CG students (p ≤ 0.05) (Table 4). At 
the same time, the difference between the PA and the BA 
significantly decreased in the EG students who were en-
gaged in martial arts and amounted to -32.4 % (p ≤ 0.05). 
As for the CG students, at the end of the academic year, 
the changes in the difference between the PA and BA were 
unreliable (p > 0.05).

Regarding the dynamics of indicators (individual bio-
markers) characterizing the BA, the EG students showed 
some positive and significant changes (р ≤ 0.05) (Table 5). 

Thus, significant (p ≤ 0.05) changes in the EG can be 
seen in the indicators of inspiratory breath holding (an 
increase of 11.6 %), subjective health assessment (an 
increase of -38.5 %), and static balancing (an increase 
of 20.0 %). As for the CG students who were engaged in 
the traditional program of physical education and other 
sports in the conditions of sports club activities, there is 
no significant improvement of individual biomarkers of 
organism development characterizing their BA (p > 0.05), 
except for the indicator of static balancing (an increase of 
8.7 %, p ≤ 0.05). Thus, a significant improvement in some 
indicators of students’ BA who were engaged in martial 
arts with an emphasis on the load of speed and strength 
orientation in the conditions of sports club activities was 
established.

DISCUSSION
The actualization of research on the problem of biological 
age and the rate of aging of the body in recent years is due 
to the decline in the indicators of the state of health of the 
population. Several researchers believe that the biological 
maturity of children and youth has real prognostic value 
for differentiating motor loads in physical education train-
ing sessions. Studies by specialists prove that biological 
age reflects the ontogenetic maturity of a person, gives 
an idea of working capacity, functional capabilities, and 
adaptation reserves, is a prognostic sign of motor talent 
for selection and orientation in certain sports, and also 
indirectly characterizes the level of health of an individual 
[12, 13]. 

At the same time, practice shows that the biological age 
of young people is significantly ahead of the passport age, 
indicating accelerated rates of aging and the dynamics 
of health deterioration. Given that the physiological, 
functional, and adaptive capabilities and reserves of the 
body affect the ratio of biological and passport age and 
determine the rate of aging of an individual, rationally or-
ganized motor activities should be considered the optimal 
anti-aging means [14]. 

The results of our research confirm the opinion of scientists 
[5, 12] that the correlation between biological and passport 
age describes the degree of loss of general health and vitality 
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of physical education in higher educational institutions 
is the improvement of student health. At the same time, 
one of the ways to improve the effectiveness of physical 
education of students is the use of speed and strength 
loads in various forms of organization of loads, which 
are characteristic of martial arts. 

2.	� The methodology for applying different types of martial 
arts in the conditions of sports clubs, which includes the 
content, means, methods, and forms of realization of 
educational, didactic, and health-promoting tasks, has 
been substantiated and developed. The methodology 
is based on the use of loads of speed and strength ori-
entation in the course of martial arts training sessions.

3.	� The use of physical loads of speed and strength orien-
tation in the course of martial arts training sessions has 
a health-promoting effect and positively influences the 
optimization of an organism’ biomarkers values and re-
duction of intensity of “wear and tear” of an organism of 
student youth. Thus, in the dynamics of the experiment, 
there is a tendency to a decrease in the difference between 
the biological and the passport age, but these changes are 
unreliable in the CG students (p > 0.05), while a statistically 
significant decrease in this difference in the EG students 
who were engaged in martial arts (p ≤ 0.05) was recorded. 
In addition, in the EG, we can talk about significant changes 
in some individual biomarkers of the body: indicators of in-
spiratory breath holding (an increase of 11.6 %, at p ≤ 0.05), 
indicators of subjective health assessment (an increase 
of the self-assessment questionnaire scores of -38.5 %, 
at p ≤ 0.05), indicators of static balancing (an increase of 
20.0 %, at p ≤ 0.05) in the students who were engaged in 
martial arts with the use of loads of speed and strength 
orientation. In the CG students there is a significant im-
provement only in the indicators of static balancing (an 
increase of 8.7 %, at p ≤ 0.05). The results of the research can 
be implemented in physical education training sessions 
and the process of sports and pedagogical improvement 
of students in higher educational institutions.

Prospects for further research will be aimed at studying the 
impact of training sessions in various types of martial arts 
on the intensity of aging of the body of female students.

of the body. At the same time, biological age is an indicator 
of the level of wear and tear of the structure and functions of 
the body and the organism as a whole, expressed in units of 
time and characterized by the ratio of the indicators of actual 
individual biomarkers to their average population values. 

Our research is consistent with the results of other 
authors [2, 6, 8, 9], who argue that the study of students’ 
biological age will help determine the impact of the op-
timal type and level of motor loads on the body to slow 
down the rate of age-related changes. Thus, the impact 
of specific motor loads on individual biomarkers of the 
body in particular and the rate of age-related changes in 
students, in general, contributes to a decrease in biological 
age and slows down the rate of age-related changes.

When using exercises of speed and strength orientation 
in the process of martial arts training in the conditions of 
sports club activities, it is necessary to be guided by the 
fact that the complexity of movements and parameters of 
loads should be feasible, then they give a health-promot-
ing effect, exercises should be interesting and diverse, then 
they will cause positive emotions. Otherwise, low motor 
loads do not cause the desired effect, while excessive loads 
hurt somatic and mental health indicators, as they cause 
muscle and functional discomfort and negative emotions. 
The visible training and health-promoting effect of phys-
ical exercises causes a positive emotional effect [10, 15].

As a result of the research, it was confirmed that the use 
of motor exercises of speed and strength orientation in the 
process of martial arts training in the conditions of sports 
club activities positively influences the improvement of 
results of static balancing, breath holding, and subjective 
assessment of health [16, 17]. All this testifies to a more 
pronounced health-promoting effect of physical exercises 
of speed and strength orientation during martial arts train-
ing sessions and the advantages of their use for reducing 
the intensity of aging of the student youth.

CONCLUSIONS
1.	� It has been established that, given the steady trend to-

ward the deterioration of public health, the priority task 
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