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Abstract. The purpose of the study was to comprehensively characterise changes in indicators of physical fitness and
functional capabilities of adolescent girls depending on the level of motor activity under the influence of aerobic loads.
The study was conducted at the Pereyaslav Gymnasium No. 3 (Kyiv Oblast) during March 17 - May 25, 2025 and
included an aerobic programme with two stages of measurement, which allowed analysing the dynamics of physical
fitness and functional indicators of the cardiovascular system of adolescent girls with different levels of motor activity. It
was found that in the high-activity group, the distance of six-minute running increased from 900+ 100 m to 1,130 £ 90 m
(+25.6%), while in the low-activity group - from 820+95 m to 950+ 85 m (+15.9%). The number of squats in 30 seconds
increased by +45% (from 20 + 4 to 29 + 3) against +33.3% (from 18 £ 4 to 24 £ 3). The 4x9 m shuttle run performance
improved moderately: -1.1 s in high-activity and -0.7 s in low-activity. Functional changes in the cardiovascular system
were manifested by a decrease in the resting heart rate by -11.4% and -7.3%, respectively, an increase in recovery in the
first minute by +54.5% against +44.4%, and a decrease in the Ruflier-Dixon Index by 29.7% and 21.6%, which reflects
an improvement in the functional state. Correlation analysis confirmed that the level of motor activity was statistically
associated with the scale of adaptive changes (r=0.68-0.72; p <0.01). Thus, the initial motor status determined the
training sensitivity of adolescent girls and influenced the nature of changes in physical fitness and functional indicators.
The obtained data can be used by physical education teachers, trainers, and specialists of health programmes to
differentiate the load, taking into consideration the initial level of motor activity of girls

Keywords: motor activity; training effect; muscle endurance; recovery rate; cardiovascular system; girls aged 13-15; fitness
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Introduction
Aerobic exercise is a determining factor in the physiological ~ 81% of teens aged 11-17 do not follow the recommenda-
changes in adolescent girls, since during this period an in-  tion of 60 minutes of moderate-to-high-intensity physi-
tensive development of the cardiovascular and respiratory  cal activity each day. Moreover, girls show a lower level of
systems and the physical performance takes place. Accord-  motor activity: only a small proportion of them meet the
ing to the World Health Organization (n.d.), approximately  established recommendations, while the majority (about
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85%) do not reach the required standards. For boys, this
indicator is slightly better and amounts to approximately
78%, which indicates a higher probability of insufficient
physical activity among teenage girls. This trend leads to
a decrease in aerobic performance, disruption of adapta-
tion mechanisms, an increased risk of obesity, metabolic
disorders, dysfunction cardiovascular system (CVS), and
early development of chronic non-communicable diseases
in later life. As a result, this leads to reduced functionality,
poor quality of life, and an increased likelihood of medical
complications.

Analysis of the influence of aerobic exercise on the
physical fitness and morphological characteristics of
adolescent girls allows outlining the most effective ap-
proaches to planning physical activity during extracurric-
ular activities. The finding of O. Brezdeniuk et al. (2021)
demonstrated that as a result of performing a combined
aerobic-anaerobic programme, adolescents with different
body weight components showed a decrease in body fat
and an improvement in the somatic profile. The research-
ers have found that several weeks of systematic perfor-
mance of training sessions provides an increase in endur-
ance, which is considered as a formed adaptive response
to the training impact. In programmes for girls aged
12-13 years, the use of structured wellness classes with
an aerobic focus provided an increase in strength endur-
ance and coordination abilities, which is reflected in the
findings of Y. Galan et al. (2020). In the same study, early
positive dynamics of morphofunctional indicators were
found after several weeks of systematic exposure, which
indicates a high training sensitivity in this age group. The
correlation analysis described by I. Ivanyshyn et al. (2021)
confirmed a close relationship between the level of aero-
bic performance and integral physical condition, which
allows interpreting this indicator as a key indicator of
adaptation. Variable aerobic fitness programmes con-
tribute to an increase in functional capabilities and im-
provement in cardiovascular system indicators, as report-
ed by V. Sliusarchuk et al. (2023). Researchers have also
substantiated the effectiveness of comprehensive training
through confirmed quantitative changes in endurance
and cardiopulmonary parameters, which reinforces the
importance of combining different aerobic components.
The integration of fitness modules into the structure of
physical training sessions leads to a steady improvement
in the level of physical endurance, which was confirmed
in the study by M. Chekhovska et al. (2020), where an in-
crease in girls’ involvement in motor activity was recorded.

Cardiorespiratory adaptations under the influence of
aerobic training programmes in adolescents are character-
ised by a gradual improvement in the mechanisms of oxy-
gen delivery and utilisation, which determines the level of
endurance and load tolerance. In the long-term follow-up
described in paper by T. Ingvarsdottir et al. (2024), a stable
increase in maximum oxygen consumption was recorded
in adolescent girls, accompanied by an improvement in
cardiorespiratory efficiency. The researchers emphasised
the importance of the duration of exposure for the de-
velopment of persistent adaptive changes. The variability
of the response to training loads depending on biological
age and the level of athletic fitness was reflected by J.R. Pa-
dilla-Alvarado et al. (2025), who showed different aerobic

power profiles in girls of different age groups. The research-
ers established a relationship between the rate of adaptation
and the correspondence of training impact to individual
capabilities. The school curriculum analysed by J. Wan et
al. (2025) indicated an increase in physical fitness and car-
diorespiratory parameters under controlled conditions.
The high effectiveness of this programme was confirmed
by the structure of the impact and the regularity of per-
forming exercises.

Physiological mechanisms of adaptation to aerobic ex-
ercise in adolescent girls are determined by structural, hor-
monal, and metabolic changes that affect the effectiveness of
the training response. The study by M.1. Forsa et al. (2023)
found the remodelling of cardiac structures under the in-
fluence of systematic training, which is characterised by an
increase in stroke volume and improved pumping func-
tion. The researchers noted gender differences in cardiac
adaptations that shape different developmental trajectories.
Features of cardiorespiratory response and changes in ex-
ercise tolerance at different phases of the menstrual cycle
were described by B. Rael et al. (2021), who recorded fluc-
tuations in performance indicators depending on the hor-
monal background. It is these changes that determine the
individual variability of adaptation to training. According
to H.N. Willett et al. (2021), during aerobic exercise there is
a shift in substrate use towards oxidative processes, which
provides more efficient energy support for muscle work,
and insufficient level of motor activity in girls forms the
risk of metabolic shifts and reduced adaptive capabilities.

Despite the available scientific studies, the features of
the development of adaptive changes in adolescent girls in
conditions of different levels of motor activity under the
influence of aerobic loads are not sufficiently covered. The
purpose of the study was a comprehensive description of
changes in indicators of physical fitness and functional ca-
pabilities of adolescent girls depending on the level of mo-
tor activity under the influence of aerobic loads.

Materials and Methods

The study involved female students (N = 30) aged 13-15
years from grades 7-9 of Pereyaslav Gymnasium No. 3 (Pe-
reyaslav, Kyiv Region) who had no medical restrictions on
performing aerobic exercises and regularly attended phys-
ical education classes. Students were excluded at the initial
assessment stage if any restrictions on the cardiovascular,
respiratory, or musculoskeletal systems were detected, or
if there were factors that prevented stable attendance or
significantly changed their usual motor activity (for exam-
ple, participation in specialised sports sections). Parents
and students received written information about the pur-
pose, content, and potential physical exertion, and then
confirmed their consent to the children’s participation. All
procedures were in accordance with the European Com-
mission (2021) guidelines on ethics and processing of
personal data. During the study, no medical interventions
were used, and the information obtained was stored in an
anonymous form in compliance with the requirements for
preventing the disclosure of private information. The study
lasted for two and a half months of the spring semester of
2025 (from March 15 to May 25, 2025).

Statistical processing was based on a consistent as-
sessment of the properties of sample data, primarily their
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compliance with the normal distribution, which was test-
ed using the Shapiro-Wilk criterion. After determining the
type of distribution, a further analysis method was cho-
sen: if parametric assumptions were met, the dynamics
of changes were considered using repeated measurement
analysis models of variance (ANOVA), while the nonpara-
metric Friedman criterion was used for their violation with
subsequent paired comparisons. Comparisons between the
two independent groups were performed using the t-test
or the corresponding non-parametric Mann-Whitney test.
Spearman correlation analysis was used to assess the asso-
ciations between the level of motor activity and the magni-
tude of adaptive changes. All calculations were performed

in IBM SPSS Statistics 29.0 and Microsoft Excel 2021 Mi-
crosoft Excel 2019 environments.

Participants were divided according to their level of
motor activity, as a result of which two comparison groups
were formed: girls with a lower level of activity (n=17) and
girls with higher activity indicators (n=13). To determine
the individual level of activity, a version of the Physical Ac-
tivity Questionnaire for Adolescents (PAQ-A) adapted to
the school environment was used. During the adaptation,
the wording of the questions was clarified and examples of
typical activities were given, without changing the struc-
ture of the tool, the rating scale, and the algorithm for cal-
culating the total score (Table 1).

Table 1. Questionnaire for determining the level of motor activity (modified version of PAQ-a)

No. Question Answer options (points)
1 How many tlmes inthe |E.ISt 7 days have you done p'hysmal exgrmses or 1 never: 2 — 1time; 3 — 2-3times; 4 — 4-5 times; 5 — » 6 times
sports outside of physical education classes lasting = 20 minutes?
2 How often ha!v.e you partlmpatec! m outdgur game§ oractive leisure 1-never; 2 —rarely; 3 — sometimes; 4 — often; 5 — very often
activities (running, jumping, cycling, dancing, etc.)?

3 What was your activity in physical education classes? 1 - almost did not participate; 2 — low; 3 — medium; 4 — active;

5—very active
How much time did you spend sitting after school (phone, computer, TV)? 1-=5hours/day; 2 — 4 hours; 3 — 3 hours; 4 — 2 hours; 5 — < Lhour

5 How often have you attended sports clubs or clubs in the last 7 days? 1 - did not visit; 2 — 1 time; 3 — 2 times; 4 — 3-4 times; 5 — = 5 times

6 How often were you physically active on weekends? 1 - not active at all; 2 — little active; 3'— medium active; 4 — active;
5 — very active

7 How do you rate your overall physical activity over the past week? 1—verylow; 2 — low; 3 — medium; 4 — high; 5 — very high

Source: adapted by the authors based on the original PAQ-A questionnaire by K.C. Kowalski et al. (2004)

For each participant, the average total score was cal-
culated as the average value of responses to seven ques-
tionnaire questions. Based on the obtained scores, the
level of motor activity was stratified by dichotomising
PAQ-A indicators: girls with a total score <2.5 were as-
signed to the group with a lower level of activity, while
participants with indicators >2.5 were assigned to the
group with a higher level of activity. The applied thresh-
old level was determined based on the median value of
the obtained data, which helped to avoid artificially iso-
lating the conditional “average” level of activity. Classes
were conducted by a physical education teacher with the

participation of the author of the study, who provided
methodological support and monitoring of exercise per-
formance. Training sessions were held three times a week
(Monday, Wednesday, Friday) after school from 15:30 to
16:30 and lasted 50-60 minutes. The structure of classes
provided for a warm-up, the main aerobic block, and the
final part with a gradual increase in the duration of the ac-
tive part of the lesson, which provided a gradual increase
in the training load in accordance with the adaptive capa-
bilities of the participants and contributed to the devel-
opment of stable functional changes without the risk of
overexertion (Table 2).

Table 2. Structure of the aerobic training programme

Duration Content / exercises Equipment
Warm-up
. Light running 2 min; joint exercises 5 min (movements in the neck, shoulder, elbow, knee, and ankle joints, 8-10 repetitions);
10 min . . . Cones, markers
dynamic stretching 3 min
Main block
30 min Jogging for 6-8 minutes; relay run with turns; jumps “star” 3x20 repetitions; jumps in place 3x30 s; general physical training Cones, jump
(weeks 1-2) complexes (squats 2x12, lunges 2x10 on the leg, “skipping” 2x30 s) ropes
35min Variable pace running 10 min (1 min faster / 1 min slower); jumping series 3x40 s; bodyweight exercises: squats 3x12, lunges Cones. mats
(weeks 3-4) 3x10, “skipping” 3x30's, “plank” 2x30 s !
40 min Intgrval running 2 minutes of runﬁning /1 minute of walking x 6 cycles; circular gqmplexes of general physical training: 6 C.ones, hoops,
(weeks 5-7) exercises were performed sequentially for 40 sec‘onds out qf Zp seconds of transition (squats, jumps “star”, lunges, “plank”, jump ropes,
jumps, “skipping"), 2 sets mats
40 min Training session consisting of 6 exercise sets: 1) running between cones; 2) jumping “star”; 3) squats; 4) lunges; 5) skipping Cones, jump
(weeks 8-10) |  rope; 6) jumps; performing 45 seconds with 15 seconds of transition, 2-3 sets or a long continuous run of 35-40 minutes ropes
Final part
10 min \ Breathing exercises 3 min; static stretching of the main muscle groups 7 min (holding 15-20 s) \ Floor mats

Source: developed by the authors
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If necessary, individual adjustments were made to the
pace and volume of exercises performed for participants
with a lower level of physical fitness, which was imple-
mented through a temporary reduction in the duration
of working intervals or an increase in rest pauses without
changing the overall structure of the lesson. The men-
strual cycle was considered as a potential factor affecting
performance and well-being: before each training session
and testing, a short survey was conducted regarding the
presence of menstrual symptoms, and according to their
severity, the intensity of the load was adjusted in a simi-
lar way. The test measurements were not postponed, but
the protocols were marked relative to the cycle phase,
which provided a more correct interpretation of the re-
sults obtained.

The level of physical fitness was assessed based on the
results of standardised tests used in the school system of
physical education and recommended for the adolescent
contingent. The six-minute run was used to determine
aerobic endurance and involved overcoming the maxi-
mum distance in 6 minutes on a marked 200-metre circle
in the gym or on the school playground (the result was
recorded in metres). The long jump from a standstill al-
lowed assessing the speed and power abilities of the low-
er extremities, the performance was carried out from the
starting position on the start line with a push-off with
both feet, and the result was measured in centimetres
from the push-oft line to the nearest point of contact with
the surface. 30-second squats were used to assess muscle
endurance and included the maximum number of correct
repetitions in a given time with control of the execution
technique. The 4x9 m shuttle run evaluated coordination
abilities and agility and included four movements be-
tween markers at a distance of 9 meters with a record of
total execution time. Functional status was determined by
resting and post-exercise heart rate (HR), recovery rate,
and the Ruffier-Dixon Index, which allowed assessing aer-
obic performance and CVS response to a physical stim-
ulus. The maximum heart rate was calculated using the
generally accepted formula:

where HR - estimated maximum heart rate (bpm); age -
participant’s age in full years. The target training area was
determined in the range of 60-75% of HR__:

HR =HR _ x0.60-0.75, ©))

where HR - target training heart rate (bpm) corresponding
to the aerobic exercise zone; HR - maximum allowable
heart rate; 0.60-0.75 — range of load intensity that ensures
the aerobic nature of energy supply. The Ruffier-Dixon In-
dex was used to determine the integral CVS response to
exercise and recovery efficiency. The assessment was per-
formed by a nurse by measuring heart rate by palpation of
the radial artery on the wrist of the non-dominant hand
for 15 seconds in a sitting position, repeated measurement
immediately after performing 30 squats for 45 seconds, and
after one minute of recovery. The index was calculated us-
ing the equation:

IR = (P1+P2J;§3)—2oo’ 3)
where P, - resting HR (bpm); P, - HR in the first 15 seconds
after exercise (bpm); P, - HR in the first 15 seconds of the
third minute of recovery (bpm). The effectiveness of recov-
ery processes was further characterised by the difference
between heart rate immediately after exercise and after one
minute of rest (HRR1), calculated based on sample data.

Results

Dynamics of physical fitness in girls

with different levels of motor activity

The obtained data helped to outline the specifics of the
course of adaptive shifts in the indicators of physical fitness
of adolescent girls under the influence of an aerobic train-
ing programme and determine the role of the initial level of
motor activity in the development of a training response.
Comparison of these measurement steps allowed track-
ing the sequence and rate of changes and assessing inter-
group differences, which was important for confirming the
assumption of a differentiated body response to the same
training stimulus. The summary results of physical fitness
indicators are shown in Table 3, which provides a holistic
view of the dynamics of endurance, speed, strength, and

HR  =220-age, (1)  coordination abilities in the study groups.
Table 3. Changes in girls’ physical fitness indicators (M + SD)
Indicator Measurement period Low activity level (1=17) High activity level (n=13)
6-min run.m Beginning 820+95 900100
' End 950+85 1,130+ 90
Long iump. cm Beginning 14512 150£13
glump. End 15611 16812
. Beginning 184 204
Number of squatsin 30 s End 223 2923
Beginning 12.8+0.7 12506
Shuttle run 4-8m, s End 121:05 14204

Source: compiled by the authors

A comprehensive analysis of the table data showed that
the greatest dynamics of changes can be traced in the re-
sults of 6-minute running, which is an integral test of aero-
bic endurance and the effectiveness of the cardiorespiratory
system. In the high-activity group, the distance increased
from 900+ 100 m to 1,130+ 90 m, which was almost 25.6%

increase, while in the low-activity group, the increase was
about 15.9 % (from 820+ 95 m to 950 + 85 m). This differ-
ence indicated that the body of girls with a higher initial
level of activity already had formed mechanisms of oxygen
supply to the muscles, in particular, a larger stroke volume
of the heart, more efficient peripheral blood circulation,
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and a better ability to use oxygen in tissues. In the low-ac-
tivity group, positive changes reflected the initial phase of
training adaptation, which is usually characterised by an
increase in ventilation efficiency and an improvement in
movement economisation. The long jump from a standstill
showed an increase in speed and strength capabilities, but
the growth rate also depended on the initial motor status.
An 11 cm increase in the result in the low-activity group
indicated improved coordination between lower limb mus-
cle groups and increased strength response. In the high-ac-
tivity group, the increase reached 18 cm, which indicated
more effective neuromuscular control, faster involvement
of motor units, and an optimal level of intermuscular co-
ordination. Such changes are typical for the first stage of
adaptation, when the training effect is manifested mainly
due to neuromotor mechanisms, and not structural chang-
es in muscle tissue, as evidenced by previous scientific data
(Gillen et al., 2019).

Squat scores for 30 seconds reflected the development
of muscle endurance in the lower extremities. Participants
with high activity showed an increase in the number of
repetitions from 20 £ 4 to 29 £ 3 (+45%), which indicated
an increase in the ability to perform long-term repetitive
work. In the low-activity group, the increase was from
18 £4 to 24 + 3 (+33.3%), which was also an indicator of
positive changes, but less intense. This is conditioned by
the different efficiency of aerobic energy resynthesis, the
rate of metabolite elimination, and local muscle endur-
ance. According to available scientific evidence, girls with
higher motor activity may have a higher proportion of type
1 oxidative muscle fibres and higher capillarisation, which
potentially ensures more efficient use of oxygen and faster
recovery during repeated loads (Shadiow et al., 2023). The
smallest changes were recorded in the 4x9 m shuttle run,
which is a test of coordination abilities and agility. An im-
provement of 0.7 s in the low-activity group (reduced time
by -5.5%) and 1.1 s in the high-activity group (reduced by

-8.8%) indicated a certain increase in the speed of move-
ment and the effectiveness of changing the direction of
movement, but the training programme was not aimed
at specific development of coordination. This explains the
limited training effect, since coordination abilities require
exercises with complex motor structures, variable trajecto-
ry, and sensorimotor loads, which the programme practi-
cally did not contain.

Opverall, the results showed that the aerobic programme
provided the initial training adaptations, most pronounced
in the development of aerobic and muscular endurance. It
was found that a higher level of initial activity determines
a greater adaptive reserve, faster growth rates, and more ef-
fective implementation of physiological mechanisms. This
trend is consistent with the position that the training effect
depends on the initial functional status, according to which
the body with a higher level of fitness reacts more powerfully
due to optimised metabolic and neuromuscular processes.
Thus, the data obtained confirmed that the level of motor
activity was a determining factor in the adaptive response
to aerobic exercise in adolescence, and systematic train-
ing sessions became an effective means of improving the
physical fitness of girls in the school environment, consid-
ering individual characteristics and initial functional state.

Changes in the functional parameters

of the cardiovascular system

CVS indicators showed clear adaptive changes in response
to the aerobic programme, with more pronounced positive
dynamics in girls with a high level of motor activity. They
showed a decrease in resting heart rate, faster recovery af-
ter exercise, and improved integral performance indicators,
which was reflected in an increase in HRR1 and a decrease
in the Ruffier-Dixon Index calculated using equations
(1-3). In the low-activity group, the changes were more
moderate, but also reflected the development of an adaptive
response. The systematised data are presented in Table 4.

Table 4. Functional indicators of participants with different levels of motor activity (M + SD)

Indicator Stage Low activity (n =17) High activity (n=13)
. Beginning 826 79+5
Resting HR, b
esting HR, bpm End 7645 704
Post-exercise HR. bom Beginning 158+10 152+9
L End 146+8 1367
Beginni 18+4 22+5
HRRL, bpm eginning
End 265 34+5
N Beginning 13421 11.8+19
Ruffier-Dixon Index, C.U.
HiterEbon fndex End 105:18 83:16

Source: compiled by the authors

The data obtained showed a gradual improvement in
the functional state of the CVS in response to the aerobic
programme, but the nature and pace of changes depended
on the initial level of motor activity. The most significant
marker of adaptation was a decrease in resting heart rate,
which reflected the economisation of cardiac activity. In the
high - activity group, the indicator decreased from 79 +5
to 70+ 4 bpm (-11.4% decrease), while in the low-activity
group-from 82+ 6 to 76 £ 5 bpm (-7.3% decrease). This in-
dicated an increase in the stroke volume of the heart and
a strengthening of parasympathetic regulation, which is

characteristic of aerobic fitness. A more pronounced de-
crease in girls with high activity indicated an initially bet-
ter ability for central haemodynamic adjustment, which
is consistent with the position on the dependence of the
rate of adaptation on the initial functional level. Post-exer-
cise heart rate showed a similar trend: in the high-activity
group, the indicator decreased from 152+9 to 136 +£7 bpm
(-10.5%), while in the low-activity group-from 158 + 10 to
146 + 8 bpm (-7.6%). A decrease in peak heart rate after
standard exercise indicates an economisation of the heart
response due to increased aerobic energy supply, improved
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oxygen delivery to working muscles, and more efficient use
of oxidative substrates. This decrease reflects a lower lev-
el of internal physiological load under the same external
stimulus, and its interpretation as signs of training adapta-
tion is based on scientific data describing the correspond-
ing cardiorespiratory changes in children and adolescents
(Armstrong et al., 2011).

HRR1 has become a key marker of recovery process-
es. In girls with high activity, it increased from 22 +5 to
3445 bpm (+54.5%), which indicates a sharp acceleration
in the restoration of vegetative balance and more effective
switching of regulation from sympathetic to parasympa-
thetic after stopping the exercise. In the low-activity group,
the increase was less significant: from 18 +4 to 26 + 5 bpm
(+44.4%). In the literature, high HRR1 values are associ-
ated with more efficient post-exercise recovery processes,
which are manifested by a faster decrease in metabolic
shifts and stabilisation of haemodynamic parameters (Bu-
chheit, 2014). The Ruffier-Dixon Index showed the most
integral improvement. In the high activity group, the value
decreased from 11.8 +1.9 to 8.3+ 1.6 C.U. (-29.7%), while
in the low-activity group - from 13.4+2.1t0 10.5+1.8 C.U.
(-21.6%), which, although it indicated positive dynamics,
left this group within the limits of lower functional indi-
cators. A decrease in the index reflects a simultaneous de-
crease in resting heart rate, a decrease in peak heart rate,
and an improvement in the recovery rate, i.e., an integral
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restructuring of CVS activity. The most intense dynamics
was observed during the first month, after which the rate
of improvement decreased. This indicates the phasicity
of adaptation: at the initial stage, functional mechanisms
predominate (neurohumoural regulation, changes in car-
diac output), while structural changes, in particular, an in-
crease in capillarisation and an increase in mitochondrial
density, are formed much more slowly, which is confirmed
by previous scientific data (Blagrove et al., 2018). Thus, the
results confirmed that a higher initial level of motor activ-
ity provides a faster and more complete implementation
of the adaptive mechanisms of CVS, which determines
the training efficiency and aerobic potential of the body.

Features of adaptive changes depending

on the level of motor activity

Analysis of the results showed that adaptive changes in re-
sponse to the aerobic programme were differentiated de-
pending on the initial level of motor activity. A compar-
ison of the rates of increase in physical fitness indicators
showed that girls with high motor activity demonstrated
a more intense training response, which is characteristic
of both aerobic endurance and muscular endurance and
speed-strength abilities. Summary data on growth are
shown in Figure 1, which allows visually comparing the
dynamics between groups and determining the dominant
components of physical fitness.

45

Low activity (%)

m High activity (%)
33

9

4x9m shuttle run

Squatsin 30 seconds

Figure 1. Increase in physical fitness indicators among adolescent girls

Source: created by the authors

The structure of changes in physical fitness showed
that the greatest increase was observed in the 30-second
squat test: +33.3% in the low-activity group and +45% in
the high-activity group. This indicated an effective devel-
opment of muscle endurance in the lower extremities due
to regular repetition of cyclic loads of medium intensity. In
the 6-minute run, the increase was +15.9% and +25.6%, re-
spectively, which also confirmed a more pronounced aero-
bic adaptation in physically active girls. To a lesser extent,
the changes affected coordination abilities (4x9 m shuttle
run), where the increase was lowest in both groups. This
indicated a lower training sensitivity of this component
to the predominantly aerobic effects of the programme.
Analysis of CVS functional indicators allowed establish-
ing even clearer differences between the groups. General-
ised growth data are shown in Figure 2. The decrease in
heart rate at rest and after exercise, and the improvement

in HRR1 and Ruffier-Dixon Index were systemically high-
er in the high-activity group, which indicates a qualitative
shift in the mechanisms of cardiovascular regulation. The
most pronounced effect was recorded for HRR1 (+44.4%
vs. +54.5%), reflecting a faster switch of the autonomic
nervous system from sympathetic activation to parasym-
pathetic recovery, which is confirmed by data from a study
in which HRR is considered as a key marker of vagal con-
trol and fitness level (Stanley et al., 2013). Improvement of
the Ruffier-Dixon Index (-21.6% vs. -29.7%) in physically
active girls indicated not only a better ability to maintain
heart function under load, but also a reduction in energy
costs for its implementation, which increases the func-
tional efficiency of activities. In the low-activity group, the
changes were gradual, which is associated with an initially
lower level of adaptive reserves and slower development of
cardiorespiratory mechanisms.
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Figure 2. Increase in functional indicators of the cardiovascular system among adolescent girls

Source: created by the authors

The relationship between the degree of involvement in
motor activity and adaptive changes was manifested in the
form of statistically significant correlations, which allows
not only stating the difference between groups, but also ex-
plaining the mechanisms through which the initial motor
status affects the training response. The most pronounced
association was established between the degree of motor
involvement and the increase in the results of six-minute
running (r=0.68; p<0.01), which indicates a high degree of
dependence between previous motor involvement and the
ability to increase aerobic endurance. This means that girls
with higher PAQ-A already developed mechanisms for effi-
cient oxygen use, a larger volume of functioning mitochon-
dria, and better peripheral muscle perfusion, which provid-
ed a more intense adaptive effect during the programme.
The negative association between PAQ-A and changes in
resting heart rate (r=-0.72; p <0.01) confirmed that high
motor activity contributes to a more significant economi-
sation of cardiac activity. A decrease in resting heart rate in
physically active girls indicated an increase in stroke blood
volume and an increase in vagal influence, that is, the heart
performed the same work with less energy costs. This is a
characteristic feature of a trained cardiovascular system.

The correlation of average strength between activity lev-
el and improvement in the Ruffier-Dixon Index (r=-0.65;
p <0.05) showed that physically active girls showed faster
recovery after standard exercise and lower physiological
cost of performing it. This reaction indicates a coordinated
functioning of the cardiovascular and respiratory systems,
which ensures more efficient recovery and faster elimina-
tion of metabolites. The association between PAQ-A and
HRRI1 (r=0.70; p<0.01) confirmed that it is the initial level
of motor activity that significantly determines the rate of
heart rate recovery after exercise. Higher HRR1 values in
physically active girls indicated a rapid switch of the au-
tonomic nervous system from sympathetic dominance to
parasympathetic control, which is a sign of a high level of
fitness and resistance to physiological stress. This allows
interpreting PAQ-A as a sensitive predictor of the effective-
ness of adaptation processes in the framework of physical
education and recreation programmes. Comparison of the
obtained correlations established a clear pattern: the high-
er the initial level of motor activity, the more intense and
systematic adaptive changes are detected. This reflects a
differentiated training sensitivity, where the same external
influence causes a different response of the body depending

on previous motor experience. The results confirm that the
initial level of activity acts as a predictor of training effec-
tiveness and can be used to predict the adaptive potential
of adolescent girls.

The results show that systematic aerobic classes in ex-
tracurricular format, organised according to the principles
of sports training (regularity, gradual increase in load, in-
tensity control), contribute to the development of aerobic
endurance and improvement of functional indicators of
the cardiovascular system in adolescent girls. More pro-
nounced adaptive changes in physically active students re-
flected the influence of previous motor experience, which
is typical for sports training, where the developed training
base provides a faster increase in functional capabilities.
This was manifested in a greater increase in endurance and
faster recovery from exercise, which corresponds to the
body’s response to an aerobic training stimulus in sports.
The data obtained confirm the differentiated nature of ad-
aptation, typical for sports activities, depending on the in-
itial motor level.

Discussion

The results of the study showed an improvement in the
indicators of physical fitness and functional state of the
cardiovascular system in adolescent girls after an aerobic
programme. The greatest changes were observed in the
development of aerobic and muscular endurance, while
coordination indicators underwent less pronounced shifts.
The nature of adaptive changes differed depending on
the initial level of motor activity: girls with high activity
showed a greater increase in indicators and faster recovery
after exercise compared to low-activity participants, which
indicates a differentiated response of the body to the same
training stimulus.

The improvement in physical fitness was manifested
primarily in the increase in aerobic and muscular endur-
ance: the result of six-minute running increased by +15.9%
in the low-activity group and +25.6% in the high-activi-
ty group, and the indicator of squats in 30 seconds - by
+33.3% and +45%, respectively. The dynamics of coordina-
tion abilities was lower: in the 4x9 m shuttle run, the reduc-
tion in execution time was 5.5% and 8.8%. This adaptation
structure is consistent with the conclusions of P. Strick-
er et al. (2020), who emphasised that in children and ad-
olescents, overall training load stimulates the development
of aerobic and muscular endurance, while improving
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coordination abilities requires the use of specially organised
motor tasks with increased sensory-motor complexity. This
nature of adaptation was consistent with data by M. Bratic et
al.(2022), where aregularaerobic programmein girls caused
an increase in endurance and muscle performance due to
repeated cyclic loads of moderate intensity, which confirms
the effectiveness of such a training approach. The study
showed slower changes in speed coordination tests, which
correlates with lower training sensitivity of this component.

The results obtained were consistent with the data by
T. Petrusic¢ et al. (2022), where school intervention con-
tributed to improved physical fitness in girls aged 12-14,
with the greatest increase in endurance, confirming the
importance of the aerobic component in shaping the train-
ing response. However, the researchers noted a higher in-
crease in speed and strength indicators, which partially
does not coincide with the identified patterns in this study
and may be conditioned by the game format of classes. The
growth ratio between the groups was consistent with ob-
servations of D.D. Cohen et al. (2021), where a higher ini-
tial level of activity was associated with more intense train-
ing progress, confirming the role of initial motor status in
the development of adaptive mechanisms. C. Romero et
al. (2021) showed that the development of speed, strength,
and coordination indicators in adolescents requires specif-
ic stimuli, which explains the minimal dynamics of shuttle
running in this study.

Functional status indicators showed positive chang-
es: resting heart rate decreased by 7.3% in the low-activity
group and 11.4% in the high-activity group, HRR1 increased
by 44.4% and 54.5%, respectively, while the Ruffier-Dixon
Index improved by 21.6% and 29.7%. The decrease in peak
heart rate after exercise was more pronounced in girls with
high activity - 16 bpm versus 12 bpm, which reflects an
increase in cardiac activity and an increase in recovery efhi-
ciency. The consistency of these changes can be traced with
the data by E.S. Cowley et al. (2021), which showed that
regular motor activity in adolescents contributes to a bet-
ter physiological response to exercise. The researchers em-
phasised the role of psychosocial factors, which may partly
explain the stable differences between groups. I. Csecs et
al. (2020) indicated that systematic training contributes to
the improvement of structural and functional parameters
of the cardiac apparatus in adolescents. The researchers’
observation of the gradual development of cardiac adapta-
tions differs from the faster functional changes recorded in
the current study.

According to the conclusions of T. Harju (2025), aero-
bic programmes enhance vagal effects on heart rate in ad-
olescent girls, which is consistent with a more pronounced
increase in HRR1 in the high motor activity group record-
ed in the present study. This mechanism may explain the
higher rate of post-exercise recovery characteristic of par-
ticipants with better initial fitness levels. The analysis by
S.K. Hunter et al. (2023) confirmed that autonomous reg-
ulation of cardiac activity in girls is characterised by high
plasticity in response to exercise. The researchers empha-
sised sex-specific mechanisms of heart rate control, which
is consistent with the resulting HRR1 dynamics. Results of
the study by M.M.R. Ifigo-Vollmer & M. Fernandez-del-
Valle (2023) demonstrated that regular aerobic exercise in
girls provides a systemic improvement in the mechanisms

of cardiovascular performance. The researchers empha-
sised the importance of adequate training intensity, which
corresponds to a more effective improvement in the Ruffi-
er-Dixon Index in the high activity group.

The established correlations showed a relationship be-
tween the level of motor activity and the scale of adaptive
changes: the strongest associations were observed between
PAQ-A and endurance gain (r=0.68; p <0.01) and HRR1
(r=0.70; p<0.01), while a decrease in resting heart rate cor-
related at r=-0.72 (p <0.01). The correlation with the Ruffi-
er-Dixon Index (r=-0.65; p <0.05) reflected the integral na-
ture of the response. The results were consistent with data by
H.W. Landgraff et al. (2021), who showed that adolescents
with a higher training background show a greater increase
in maximum oxygen consumption, which supports the
found association of PAQ-A with aerobic endurance. The
researchers noted broad variability between individuals,
which coincides with the heterogeneity of changes in the
low-activity group. L.D. McGarrigal et al. (2025) stated that
the development of motor function in girls depended on
the initial level of motor activity involvement, which coin-
cides with the established association between PAQ-A and
increased muscle endurance. However, the researchers em-
phasised the age-related features of maturation, which had
minimal impact due to the narrow age range in the study.

Observations of E. Papaevangelou et al. (2023) con-
firmed that female athletes with higher training load
showed a more pronounced improvement in cardiorespi-
ratory function during the season, which is consistent with
the identified HRR1 correlations. However, researchers
pointed out the role of the specificity of the sport, which
was not relevant for the school contingent. The effective-
ness of personalised programmes is determined by partici-
pants’ individual activity levels, which is consistent with the
identified association between PAQ-A and recovery rates
reported by P. Petrovics et al. (2025). The researchers not-
ed that motivational factors change the response to stress,
which can also affect the resulting correlations. The data
obtained by L. Plavsic et al. (2020) showed that systematic
training leads to improved aerobic function in girls with
different baseline fitness levels, but faster changes occur in
those with higher baseline activity, which is fully consistent
with the results obtained for PAQ-A.

The results show adaptive changes characteristic of ad-
olescence to systematic aerobic exercise, which are used in
physical education and sports practice, in particular, im-
proving cardiorespiratory regulation and increasing the
training response in physically active girls. According to
Y.S. Rajpoot et al. (2025), in young female athletes, the re-
covery rate and sensitivity of autonomous heart rate reg-
ulation increase with increasing training intensity, which
is consistent with higher HRR1 values in physically active
girls. The researchers also demonstrated that cardiorespi-
ratory responses in female athletes are more economical
under conditions of repeated loads - a similar trend was
observed in girls with high PAQ-A.

Additionally, R.S. Oliveira et al. (2018) found that
higher levels of motor activity in adolescents are associ-
ated with more effective autonomous regulation of car-
diac activity and favourable indicators of cardiorespira-
tory functioning, which may explain a more expressive
training response in the high-activity group. The study by
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A.Z. Skouras et al. (2023) proved that aerobic and resistive
loads were shown to cause systemic changes in cardiovas-
cular reactivity, which is consistent with an improvement
in the Ruffier-Dixon Index and a decrease in heart rate in
the study groups. The researchers noted that the effect of
regular training is manifested in increasing the effective-
ness of recovery mechanisms - a similar effect was record-
ed in the group of high activity. The increase in endurance
and motor performance in physically active girls was con-
sistent with the results obtained by Z. Wang et al. (2024),
who showed that a combination of functional strength and
aerobic training provides improvements in aerobic endur-
ance and overall motor form in adolescents.

According to V.M.R. Weber et al. (2024), girls’ regu-
lar participation in sports and wellness programmes is
associated with increased cardiorespiratory fitness, which
is consistent with higher results of high activity in HRR1
and resting heart rate. The researchers noted that systemic
training stimuli contributed to the development of stable
physiological adaptations, which correlated with the dif-
ferentiated training response obtained in the study. Dis-
cussion of the results showed that the established adaptive
changes in physical fitness and functional indicators of the
cardiovascular system are consistent with data from other
scientific studies that describe the positive effects of aerobic
exercise on endurance, heart rate, and recovery rate in ad-
olescent girls. The revealed relationship between the level
of motor activity and the amount of training shifts corre-
sponds to the models of differentiated training sensitivity
described in sports science.

Conclusions
Analysis of the dynamics of physical fitness showed that
the aerobic programme caused a gradual increase in en-
durance, strength, and coordination capabilities, but the
rate of changes was differentiated depending on the initial
motor status. In girls with high activity, the increase in the
distance of six-minute running reached +25.6% compared
to +15.9% for low activity, and the number of squats in-
creased by +45% against +33.3%. Instead, the improvement
in shuttle running time remained moderate (-8.8% and
-5.5%, respectively), reflecting a lower specific sensitivity of
coordination abilities to an aerobic training stimulus. The
totality of results showed that the initial level of activity de-
termines the scale and rate of positive morphofunctional
changes in a single programme. The functional response
of CVS also demonstrated a gradual nature of adaptation:

although both groups had positive changes, their magni-
tude was higher in physically active girls. The decrease in
resting heart rate was -11.4% in high activity versus -7.3%
in low activity, while the increase in HRR1 reached +54.5%
compared to +44.4%. The Ruffier-Dixon Index improved
by +29.7% and +21.6%, respectively, reflecting more effi-
cient integration of cardiovascular regulation mechanisms,
faster recovery, and lower physiological stress under stand-
ard exercise. Thus, training adaptation was not only quan-
titative, but also qualitative in nature, increasing with in-
creasing initial activity.

Correlation analysis deepened the results obtained,
confirming that the level of motor activity is a predictor
of training effectiveness. The strongest associations were
found between PAQ-A and endurance gain in six-minute
running (r=0.68; p <0.01) and HRR1 (r=0.70; p < 0.01),
while a negative correlation with changes in resting heart
rate (r = -0.72; p < 0.01) and the Ruflier-Dixon Index
(r=-0.65; p <0.05) reflected economisation of cardiac ac-
tivity in more active girls. The consistency of these connec-
tions indicates the systemic influence of the initial motor
mode on the scale and course of adaptive processes, which
confirms the concept of training sensitivity of adolescents.
The combination of quantitative changes in physical fitness,
functional responses and established correlations confirms
that the aerobic programme contributed to the development
of differentiated adaptive shifts, the scale and direction of
which were determined by the initial level of motor activity

The prospects for further research are to specify the solu-
tion of the problem by including a control group to correct-
ly determine the training effect depending on age and indi-
vidual variability, and to expand the sample by gender, age
and type of educational institutions, which will increase the
significance of the results obtained. Further research should
focus on comparing the effectiveness of different aerobic,
strength, and combined programmes, and analysing how
baseline physical activity levels modify training respons-
es in adolescents in different socio-educational contexts.
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AHoTaujia. Meta [OCTIIKeHHS — KOMIUIEKCHA XapaKTepUCTMKa 3MiHM IOKa3HMKIB (i3WyHOI migrorosjeHoOCTi Ta
(YHKI[IOHATPHMX MOXK/IMBOCTE}! AiBYaT MiAITKOBOTO BIKy 3a/leXHO BiJ piBHA PyX0BOI aKTUBHOCTI Mifi BIUINBOM
aepoOHMX HaBaHTaXeHb. JlocmifkeHHs mpoBopmmocs Ha 6asi IlepescmaBcbkoi rimHasii Ne 3 (KuiBcpka 0671acTb)
yrnpoposx 17 6epesns — 25 TpaBHA 2025 poKy Ta BKIIOYAI0 aepoOHY IIpOrpamy 3 ABOMa eTallaMi BUMIpIOBaHHS, 110
TO3BOIMIO IIpOAHANi3yBaTy AUHAMIKY (Pi3N4HOI MiATOTOBIEHOCTI I PyHKI[iOHAIbHUX ITOKAa3HUKIB CepLieBO-CYMHHOL
CHUCTeMM IiBYaT-IIJUIITKIB i3 pi3HUM piBHeM pyXoBOi aKTMBHOCTi. Byno 3’AcoBaHO, IO y TpyIi BUCOKOI aKTMBHOCTI
AMCTAHI[iS MIeCTUXBIIMHHOTO 6iry 3pocia 3 900+ 100 M mo 1 130+ 90 m (+25,6 %), TOAL AK y HU3BKOI aKTUBHOCTI — 3
82095 m 10 950+ 85 m (+15,9 %). KinbkicTs mpuciganb 3a 30 ¢ 36inpmmmacs Ha +45 % (i3 20+4 10 29 £ 3) npotu +33,3 %
(i3 18 +4 1o 24 + 3). Iloka3HMKYM YOBHMKOBOTO 6iry 4x9 M MOKpAIMINCs IOMipHO: -1,1 ¢ y Bucokoi akTuBHOCTI Ta -0,7 ¢
y Hu3bKoi. OyHKIIIOHaIbHI 3MiHM CeplieBO-CYAMHHOL CCTEMM ITPOABU/INCA 3HIDKEHHAM YacTOTU CEPLIEBUX CKOPOYEHD
y cnokoi Ha -11,4 % Ta -7,3 % BigNOBigHO, MIPMPOCTOM BiJHOB/IEHHA 3a Ieplly XBUIMHY Ha +54,5 % nportu +44,4 %,
a TaKoX 3HIDKeHHAM iHmexcy Pyd’e-Ilikcona Ha 29,7 % i 21,6 %, mo Bifobpakae IOKpallleHH:A (QYHKLIOHaJIbHOIO
crany. Kopessiuiitamit aHati3 mifTBepAuB, M0 PiBeHb PyXOBOI aKTUBHOCTI CTATUCTUYHO IIOB I3YBaBCS i3 MacuITrabom
afjanTraniitHux 3miH (r=0,68-0,72; p<0,01). TakuM yMHOM, BUXi{HIIT PyXOBMIl CTATyC BM3HAYaB TPEHYBa/IbHY 4y TINBICTDh
HiBYAT-IiUTITKIB 1 BIUIMBAB Ha XapakTep 3MiH (i3WIHOI MiATOTOBIEHOCTI Ta PYHKIIOHAMPHUX MTOKa3HMKIB. OTpuMaHi
TaHi MOXYTb OyTU BUKOPUCTaHI BUMTENAMU Bi3MIHOI KYIbTYPH, TpeHepamu Ta (axiBIAMM 03TOPOBYUX NIPOTPaM I
nudepeHLianii HABAaHTAKEHHA 3 ypaxyBaHHAM BUXIJHOTO piBH:A PyX0OBOI aKTMBHOCT] iiBYaT

Knto4oBi c/10Ba: pyxoBa aKTHBHICTb; TPEHYBA/IbHII BIUIVB; M SI30Ba BUTPUBAJICTD; IIBY/KICTD BiTHOB/IEHHST; CEpPLIEBO-CYANHHA
cucTeMa; fiiBuata 13-15 pokis; ditTHec-iporpamu
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