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Abstract. The aim of the study - a comprehensive investigation of the impact of regular aerobics classes on the physical
and functional state of people in different age categories, taking into account age-specific adaptation mechanisms,
the features of load structuring, and the nature of physiological responses. Assessment was carried out on the basis of
indicators of heart rate, arterial blood pressure, vital capacity of the lungs, results of the 6-minute walk test, the Training
Impulse index, as well as the World Health Organisation Quality of Life — Brief Version questionnaire, using Student’s
t test, the Mann-Whitney U test, correlation analysis, and 95% confidence intervals. The results showed a statistically
significant improvement in functional indicators in all groups: resting heart rate decreased from -4.2 beats/min in the
young group to -1.4 beats/min in the older group; the 6-minute test distance increased by 60, 55, and 30 metres, respectively
(p=0.033). The mean Training Impulse values were 102, 88, and 74 conventional units, which indicated different training
sensitivity. Correlation analysis confirmed the leading role of the training impulse in the formation of adaptive changes
(r=0.62 in the young group; p <0.01). According to the World Health Organisation Quality of Life — Brief Version, the
greatest improvement was observed in the physical and psychological domains in the young and middle-aged groups,
whereas in older participants the effects were moderate but clinically meaningful (A of the physical domain = +4.6).
The obtained results indicate the effectiveness of structured aerobics programmes for different age categories and
emphasise the need to personalise training intensity, especially in older people. The study data may be used to optimise
health-improvement programmes, develop safe aquaaerobics formats, and improve the population’s quality of life
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Introduction

The relevance of the study was determined by the grow-
ing need for a scientific understanding of the impact of
systematic aerobics classes on the physical and functional
state of people of different ages under contemporary demo-
graphic, social, and biomedical challenges. In the context
of population ageing, increasing prevalence of physical in-
activity, metabolic disorders, and cardiovascular diseases,
regular physical activity acquired the status of one of the
key tools for prevention and health maintenance. Aerobic
forms of load were considered the most accessible, safe, and
effective for different age groups, as these forms provided a
comprehensive effect on the cardiorespiratory system, the

musculoskeletal system, metabolic processes, and psy-
cho-emotional state. The issue of optimising aerobic pro-
grammes became more acute given the increasing number
of people with excess body weight, multimorbidity, and a
low level of physical fitness, which required the develop-
ment of individualised approaches to training regimes.

In scientific discourse, the question of the impact of
aerobic training on physical development and functional
indicators of people of different ages received broad cov-
erage, which, however, was unevenly distributed across age
groups and types of load, creating a need to systematise the
available data. In the work by E. Doroshenko et al. (2021),
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it was shown that differentiated aerobic loads in female stu-
dents with different motor fitness contributed to improve-
ments in physical working capacity, coordination abilities,
and the body’s adaptive capabilities; however, the authors
emphasised the need for individual adjustment of training
intensity depending on the baseline functional state. Simi-
lar conclusions were presented by V.M. Miroshnichenko et
al. (2021), who showed a positive impact of aquafitness on
the functional state of women in the first period of mature
age, especially regarding endurance, resting heart rate, and
respiratory system indicators, which indicated the effec-
tiveness of the aquatic environment in reducing load on the
musculoskeletal system. For the 40-60 age group, T. Gnitet-
ska et al. (2021) established a slowing of the pace of biolog-
ical ageing under the influence of systematic athletics and
fitness classes, which confirmed the importance of aerobic
loads as a means of preserving functional activity, main-
taining joint mobility, and preventing sarcopenia.

Among studies in older age, a special place was oc-
cupied by works aimed at assessing the impact of aero-
bic programmes on vital functions of the body. N. Mei &
Y. Chang (2022) demonstrated a significant improvement
in physiological indicators in older people after the imple-
mentation of structured aerobics classes, in particular in-
creased tolerance to physical loads, stabilisation of arterial
blood pressure, improved balance, and reduced risk of falls,
which was critically important in gerontological practice.
In a randomised controlled study, Y.P. Lo (2021) established
a positive effect of individualised aerobic training on phys-
ical activity and overall physical fitness among people with
multimorbidity, which emphasised the clinical significance
of adapted aerobic programmes and the need to include
these programmes in rehabilitation protocols. Summaris-
ing the results of numerous studies, D. Visser et al. (2022),
in a systematic review, confirmed the effectiveness of aer-
obic training for improving cardiorespiratory endurance
in vulnerable older groups; however, the researchers drew
attention to differing effectiveness depending on the inten-
sity, frequency, and duration of load, which indicated the
importance of scientifically grounded dosing of exercises.

A separate line of research concerned the psychologi-
cal and social dimensions of the impact of aerobic classes,
since in older age quality of life was determined not only by
physical condition, but also by emotional stability and social
activity. A. Shams et al. (2021) noted that systematic aerobic
exercises not only improved physical condition, but also sig-
nificantly increased psychological well-being, self-esteem,
the level of social involvement, and the quality of life of old-
er people, which expanded the understanding of the role
of aerobics as a comprehensive health-improvement factor.
In the work by E. Sanchis-Gomar et al. (2025), the mecha-
nisms of cardiovascular adaptation to aerobic loads and the
dependence of the effect on internal and external factors
were analysed in detail, which demonstrated the multi-vec-
tor nature of the impact of these classes and confirmed the
preventive value in the context of cardiovascular diseases.

In patients with metabolic disorders, aerobic pro-
grammes were often combined with dietary interventions to
achieve a comprehensive therapeutic effect. S.B. Al-Mhan-
na et al. (2023) confirmed that combining aerobics class-
es with nutritional correction significantly improved car-
diometabolic indicators in patients with obesity and type

II diabetes mellitus, reducing insulin resistance and body
weight. For sedentary older people, W. Zhang et al. (2024)
established the effectiveness of both purely aerobic and
combined aerobic-strength programmes in improving
motor functions, coordination, and walking speed, which
emphasised the importance of variability in training effects
and combining different class structures depending on the
needs of the target group.

Thus, contemporary scientific data indicated that aer-
obic loads had considerable potential in improving the
physical, functional, and psycho-emotional state of people
of different ages; however, unresolved questions remained
regarding optimal intensity, individualisation of training
programmes, and determining the age specificity of the
body’s adaptive responses. This formed the need for further
research aimed at clarifying the mechanisms of action of
aerobic loads and developing scientifically grounded rec-
ommendations for different age categories. The aim of this
study was a comprehensive examination of the impact of
systematic aerobics classes on indicators of the physical and
functional states of people of different ages, taking into ac-
count age-related differences in adaptation, load structure,
and the nature of physiological responses.

Materials and Methods

The study was conducted from October 2024 to June 2025
on the basis of three specialised sports and health facilities
in the city of Kyiv: the SportLife (n.d.) fitness club “Pozni-
aki’, the 5 Element (n.d.) club, and the Olympic Style (n.d.)
rehabilitation centre. The selection of these institutions was
determined by the availability of a modern material base,
swimming pools with a water temperature of 27-29°C, car-
dio training equipment, and certified instructors, which
ensured standardised conditions of the training process.
The study was conducted in the morning hours between
9:00 and 12:00 to minimise diurnal fluctuations in physio-
logical indicators.

The sample was formed on the principle of non-ran-
dom voluntary participation, which was typical for inter-
vention studies in the field of health-improvement physical
culture. The study included 120 people aged 18-70 years,
evenly distributed into three age groups: young (18-35
years, n=40), middle (36-55 years, n=40), and older (56-
70 years, n=40). The sex composition of the sample com-
prised 82 women and 38 men, which reflected the structure
of participants in the health-improvement programmes of
these centres. The occupational structure of the sample in-
cluded mainly employed people with a sedentary nature of
work (office workers, teachers, service sector representa-
tives), which ensured representativeness for typical attend-
ees of health-improvement programmes. Inclusion crite-
ria were the ability to perform physical loads of moderate
intensity, absence of acute diseases, and signed informed
consent. Exclusion criteria were decompensated cardio-
vascular pathologies, severe musculoskeletal injuries, and
other medical contraindications. Primary medical exami-
nation was conducted by a sports medicine physician, with
an electrocardiographic assessment of the state of the car-
diovascular system at rest.

The intervention lasted 12 weeks and included three
training sessions per week lasting 45-60 minutes. The
structure of the session included an introductory part
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(10 minutes), the main aerobic block (30-40 minutes),
and a final stage (5-10 minutes). In the land-based format,
classical aerobics with musical accompaniment frequency
of 120-140 beats/min and step aerobics with a platform of
10-20 cm were used, which increased energy expenditure.
For the older group, aquaaerobics was used in the pools
of SportLife (n.d.) “Pozniaki” and 5 Element (n.d.), which
reduced impact load on the joints and ensured safe condi-
tions for people with reduced tolerance to physical load.
Load control was carried out using Polar H10 heart
rate monitors (Finland) with continuous HR recording and
the subjective perceived exertion scale by G. Borg (1998).
For a quantitative characterisation of training volume, the
Training Impulse (TRIMP) indicator was used - a metric
for measuring load and stress on the body during training,
which took into account the duration and intensity of load,
conceptually grounded in Banister’s integral load model
(Banister, 1991). TRIMP was calculated as the product of
training duration (min) and an intensity coefficient based on
the percentage of maximal heart rate (HRmax), which cor-
responded to the classical E.W. Banister (1991) formula (1):
TRIMP=txHR xy, (1)
where ¢ — duration of the training session (min); HR, - rel-
ative heart rate, calculated as (2):

HRE.X_HRT'ESt
HRmax—HRyest’

HR, = (2)
where HR - average heart rate during training; HR , -
resting heart rate; HR - individually determined maxi-
mal heart rate; y — intensity weighting factor reflecting the
non-linear physiological response to load and determined

exponentially:
for men (3):

y=0.64 x g"9>HRr, (3)
for women (4):

y=0.86 x e"o7<Hkr, (4)

Assessment of physical state was conducted before and
after the programme and included measurement of rest-
ing HR, arterial blood pressure, vital capacity of the lungs

using the portable spirometer MicroLab ML350 (United
Kingdom), performance of the 6-minute walk test, anthro-
pometric indicators, the “sit-to-stand” test, and balance
assessment. Quality of life was determined using the stand-
ardised World Health Organisation Quality of Life — Brief
Version (WHOQOL-BREF) questionnaire (The WHO-
QOL Group, 1998). The ethical processing of questionnaire
data was ensured in accordance with the Code of Ethics of
the American Sociological Association (1997).

Statistical data processing was carried out in IBM SPSS
Statistics 28.0 using Student’s ¢ test for independent samples
(p<0.05), the Mann-Whitney U test for non-parametric in-
dicators, and calculation of 95% confidence intervals. Nor-
mality of distribution was checked using the Shapiro-Wilk
test. The choice of parametric and non-parametric analy-
sis methods was justified by the nature of the data: under
normal distribution, Student’s ¢ test was used, and in case
of its violation - the Mann-Whitney U test, which ensured
the correctness of statistical conclusions. Ethical aspects of
the study complied with international and national norms:
the principles of the Declaration of Helsinki (2013), the
provisions of clinical practice guidelines ICH E6(R2) good
clinical practice (1997), the recommendations of the Euro-
pean Commission (2021), and the International Code ICC/
ESOMAR (2025). All participants signed written informed
consent, and confidentiality was ensured through anony-
misation and the use of data in aggregated form.

Results and Discussion

At the initial stage, the analysis covered the baseline func-
tional status of participants in three age groups, which
made it possible to determine basic differences in cardi-
orespiratory and physical parameters. A clear age-related
gradation of endurance and respiratory function indicators
was recorded: the younger group demonstrated the highest
values of vital capacity of the lungs and the results of the
6-minute walk test, whereas in the older group a substantial
decrease in these indicators was observed. Similar trends of
age-related decline in aerobic performance were described
in X. Bai et al. (2022), which confirmed the typicality of the
obtained values for the population of health-programme
participants. Table 1 summarised the baseline character-
istics of the sample, demonstrating a gradual decrease in
functional potential with age and the formation of different
adaptive capacities.

Table 1. Baseline characteristics of the sample by age groups (M + SD)

Indicator Young age (18-35 years, n=40) Middle age (36-55 years, n=40) Older age (56-70 years, n=40) pvalue
Resting HR (beats/min) 71458 75.6+6.2 80.3:6.9 0.067
Systolic BP (mmHg) 118+9 12611 138+14 0.054
Diastolic BP (mmHg) Th+6 797 84+8 0.072
VC(I) 4105 3404 29+03 0.081
6-minute walk test (m) 61542 545+ 48 495+52 0.063
BMI (kg/m?) 23824 26.7+3.1 28.4+36 0.088

Source: compiled by the authors on the basis of the obtained study data and statistical processing in IBM SPSS Statistics 28.0 (IBM, 2021)

As Table 1 shows, the baseline indicators of the three
age groups demonstrated a clear gradation of function-
al state in accordance with age-related changes. The low-
est resting HR values were recorded in the young group
(71.4 + 5.8 beats/min), whereas in older individuals this

indicator was substantially higher (80.3 + 6.9 beats/min),
which was consistent with the trend described in X. Bai et
al. (2022) of increased heart rate at older age due to reduced
efficiency of cardiac output and autonomic regulation. Sys-
tolic and diastolic blood pressure increased gradually: from
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118/74 mmHg in young participants to 138/84 mmHg in
older participants, which confirmed the age-related in-
crease in vascular resistance and arterial wall stiffness de-
scribed by L. Yao et al. (2021).

Vital capacity of the lungs showed the largest gap
between groups: 4.1 + 0.5 1 in young participants versus
2.9+0.3 ] in older participants, which was consistent with
the data of Y. Lu et al. (2021), who pointed to a decline
in the elasticity of lung tissue and a reduction in alveolar
ventilation with age. The results of the 6-minute walk test
showed an analogous trend: young participants covered
an average of 615 m, whereas in the older group the mean
value was 495 m, which confirmed a substantial decline in
load tolerance and overall aerobic work capacity described
in X. Bai et al. (2022) for older individuals who did not en-
gage in systematic training.

Body mass index increased from 23.8 +2.4 kg/m? in
young participants to 28.4+ 3.6 kg/m?*in older participants,
which corresponded to the trend of age-related body-mass
accumulation and changes in body composition noted by
L. Yao et al. (2021). At the same time, statistical analysis did
not reveal significant differences between groups for any
of the indicators (p > 0.05), which allowed the sample to
be considered homogeneous in terms of key physiological
parameters. A similar situation was described in Y. Lu et
al. (2021), where, despite differences in mean values across
age groups, statistical homogeneity ensured the correctness
of subsequent comparisons of training response.

The obtained results indicated a clearly formed age tra-
jectory of changes in cardiorespiratory and anthropometric
parameters, characteristic of populations engaged in health
programmes. In the older group, a persistent increase in

resting heart rate and blood pressure was observed, com-
bined with a decrease in vital capacity of the lungs and en-
durance indicators, whereas in younger participants higher
ventilatory capacities and better results of the 6-minute
walk test were recorded. Similar age patterns were pre-
sented in X. Bai et al. (2022) for older individuals and in
Y. Lu et al. (2021) regarding young people with baseline
aerobic fitness, which confirmed the representativeness of
the obtained values. The increase in BMI and the tendency
towards higher blood pressure in the middle and older age
groups were consistent with the data of L. Yao et al. (2021),
who linked these changes to reduced physical activity and
the accumulation of metabolic risks.

In addition, the results were consistent with the con-
clusions of Q. You et al. (2022), which showed that age-re-
lated decline in vascular endothelial function directly cor-
related with reduced aerobic performance and tolerance to
physical loads, which could explain the lower endurance
and VC values in older participants. This confirmed that
the identified baseline characteristics were not random,
but reflected systemic physiological changes associated
with age. In summary, the baseline results demonstrated
the combination of age-related increases in HR and blood
pressure with a decline in ventilatory and endurance ca-
pacities and an increase in body mass, which formed
different adaptive potentials of the groups before the im-
plementation of aerobic loads. After completion of the
12-week programme of combined aerobic loads, positive
changes in cardiorespiratory and functional indicators of
varying intensity were recorded in all three age groups.
Changes in physical and functional indicators after the in-
tervention were presented in Table 2.

Table 2. Changes in physical and functional indicators before and after the experiment

Indicator Young age (n=40) Middle age (n=40) Older age (n=40) pvalue
Resting HR (beats/min) | 71.4+5.8 - 67.2+5.1(Cl 95%:-5.6,-3.1) | 756 6.2 - 72.8+5.7 (C 95%: -4.9,-2.1) | 80.3+6.9 - 78.9+6.5(Cl 95%:-2.8,-0.4) | 0.041
Systolic BP (mmHg) 118+9 - 114+ 8 (Cl 95%: -6.7; -3.4) 126+11 - 120+10(Cl 95%: -7.2;-4.1) | 138+14 - 132+13(Cl 95%:-79,-3.2) | 0.038
Ve (l) 41+05-43+05(C195%: +0.1,+0.3) | 3.4+ 0.4 - 3.7+0.4(C195%: +0.2, +0.4) | 2.9+ 0.3 - 3.1+0.3(CI 95%: +0.1, +0.3) | 0.052
6-minute walk test (m) | 615+ 42 = 675+ 48 (C1 95%: +48; +68) | 545+ 48 — 600+ 52 (Cl 95%: +42; +59) | 495+52 — 52555 (Cl 95%: +22; +39) | 0.033

Source: compiled by the authors on the basis of the obtained study data and statistical processing in IBM SPSS Statistics 28.0 (IBM, 2021)

As the data presented in Table 2 indicated, after the
12-week intervention, a statistically significant improve-
ment in cardiorespiratory and functional indicators was
recorded in all age groups; however, the magnitude of
changes differed depending on age. The greatest reduction
in resting heart rate was observed in the young group (-4.2
beats/min; CI 95%: -5.6; -3.1), which may indicate faster
adaptation of the cardiovascular system to aerobic load.
In middle age, the reduction was moderate (-2.8 beats/
min; CI 95%: -4.9; -2.1), whereas in older participants the
smallest effect was noted (-1.4 beats/min; CI 95%: -2.8;
-0.4), which was consistent with the data of I. Ahmed et
al. (2022) on slower adaptive responses in the older popu-
lation. Systolic blood pressure showed a similar trend: the
largest reduction was observed in the middle-aged group
(-6 mmHg), where the combination of higher baseline hy-
pertensive status and regular load produced a pronounced
effect, which corresponded to the results of S.B. Al-Mhan-
na et al. (2024) regarding the sensitivity of this group to
training influence. In older individuals, the reduction was

-6 mmHg; however, the confidence intervals indicated
wider variability of response. Vital capacity of the lungs
increased in all groups, most in the middle-aged group
(+0.3 1), which confirmed the capacity of the respiratory
system for functional improvement with regular train-
ing activity, as described in Q. You et al. (2022). For the
young and older groups, the increase was smaller (+0.2
and +0.2 1, respectively), which may reflect differences in
baseline ventilatory reserve. The most pronounced chang-
es were recorded in the results of the 6-minute walk test:
young participants improved the indicator by an average
of +60 m, middle-aged participants by +55 m, and old-
er participants by +30 m, which was consistent with the
conclusions of Y. Li et al. (2024) regarding the dependence
of endurance gain on baseline state and age-related phys-
iological limitations. The p value of 0.033 confirmed the
statistical significance of differences in dynamics between
groups. The obtained results also reflected the short-term
training effect described by A. Markov et al. (2022), ac-
cording to which moderate-intensity aerobic programmes
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caused rapid improvement in functional capacities, espe-
cially in younger and more physically active individuals.

According to the results of Student’s ¢ test for paired
samples in the young and middle-aged groups, a statis-
tically significant reduction in resting HR and systolic
blood pressure was recorded (p <0.05), which confirmed
the training effect on the cardiovascular system. In the
older group, some indicators tended to improve; howev-
er, for HR and VC the results were statistically border-
line, which was consistent with the data of I. Ahmed et
al. (2022), where slower adaptation after a period of
low activity was noted. For participants with the great-
est baseline limitations, the use of the Mann-Whitney U
test also confirmed the significance of changes in endur-
ance (p <0.05), which correlated with the conclusions of
S.B. Al-Mhanna et al. (2024) regarding the effectiveness
of combined programmes for individuals with metabolic
disorders. The dynamics of the 6-minute walk test by age
groups were presented in Figure 1.

m

500 545 590
500

400

300

200

100

0
Young age (18-35)

495 92

Distance, m

Middle age (36-55)
Age groups
Before intervention  m After intervention

Older age (56-70)

Figure 1. Dynamics
of the 6-minute walk test by age group
Source: compiled by the authors on the basis of the obtained
study data and statistical processing in IBM SPSS Statistics 28.0
(IBM, 2021)

As can be seen from Figure 1, the dynamics of the
6-minute walk test results demonstrated a pronounced
improvement in functional endurance in all age groups
after the intervention. The greatest gain was observed in
the young group: the distance increased from 615 m to
675 m (+60 m), which indicated high training reactivi-
ty and a considerable aerobic reserve. In the middle-aged
group, the increase was somewhat smaller — from 545 m
to 590 m (+45 m), which indicated the effectiveness of the
programme under a moderate baseline level of prepared-
ness. The older group demonstrated the smallest gain -
from 495 m to 525 m (+30 m), which was characteristic of
age-related changes in tolerance to physical load and cor-
responded to the trends described in Q. You et al. (2022)
and Y. Li et al. (2024), where slower adaptation in older
participants was noted. Despite the smaller amplitude of
changes, even a moderate improvement in this group was
clinically meaningful given its impact on quality of life and
functional independence. In summary, the 12-week inter-
vention provided statistically significant improvements in
cardiorespiratory parameters and indicators of overall en-
durance, which confirmed the training effectiveness of the
programme and the correspondence of the obtained results
to patterns described in contemporary studies.

Training load analysis was carried out using the Train-
ing Impulse (TRIMP) indicator, calculated according to
Banister’s formula model (1-4), which made it possible to
quantify the physiological cost of the conducted sessions
and compare the intensity of training influence between
age groups and programme formats. The obtained values
demonstrated a clear age-related gradation of load: the
younger group was characterised by the highest training
impulse, whereas in the older group mean indicators were
substantially lower, which reflected a different cardiovas-
cular response to a training stimulus identical in structure.
Similar trends were noted in A.C.E Marques et al. (2023),
where the intensity and volume of combined training deter-
mined the magnitude of adaptive changes, in particular in
indicators of stability and overall endurance. Table 3 sum-
marised the mean TRIMP values for the three age groups.

Table 3. Mean TRIMP values by age group (M + SD)

Indicator Young age (18-35 years, n=40)

Middle age (36-55 years, n=40)

Older age (56-70 years, n=40) pvalue

TRIMP (conventional units) 102+ 14

88+12 T4+11 0.029

Source: compiled by the authors on the basis of the obtained study data and statistical processing in IBM SPSS Statistics 28.0 (IBM, 2021)

As can be seen from Table 3, the younger group
demonstrated the highest mean training impulse (102 + 14
conventional units), which indicated a greater ability to
maintain high intensity throughout the session. In the mid-
dle-aged group, the TRIMP value was 88 + 12 conventional
units, whereas in the older group, it was 74+ 11 convention-
al units, which confirmed reduced tolerance to load and
cardiovascular reactivity with age. Similar age differences
in the training effect were described in M. Schumann et
al. (2022), where it was noted that combining aerobic and
strength components required different recovery volumes
depending on the age group. Additional analysis compar-
ing training formats showed that water-based sessions were
characterised by a lower training load compared with land-
based sessions (TRIMP: 82 + 13 versus 94 + 15 conventional

units; p = 0.041), which may be associated with reduced
mechanical impact and heart rate in the aquatic environ-
ment due to hydrostatic pressure and reduced gravitational
load. This was consistent with the conclusions of R. Joshi et
al. (2024), which noted that aquatic training formats pro-
vided improvements in balance and coordination at lower
cardiovascular cost, whereas land-based sessions contrib-
uted to a more pronounced development of endurance.
Overall, the obtained results indicated that the intensity
of training influence was highest in younger participants
and decreased with age, which reflected different adaptive
potentials of the cardiovascular system. At the same time,
aquatic training formats ensured lower physiological cost
while maintaining functional effects, which confirmed
the appropriateness of the use for individuals with limited
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tolerance to load. This load structure was consistent with
contemporary models of combined training programmes
described in the works by M. Schumann et al. (2022) and
A.C.E Marques et al. (2023), and allowed training proto-
cols to be optimised according to age-related capacities and
individual physiological response.

Analysis of the relationship between training load
magnitude by the TRIMP indicator and gains in functional
parameters made it possible to determine how the intensi-
ty of aerobic classes influenced the effectiveness of adap-
tive processes in different age groups. The obtained results
demonstrated a clear positive correlation between training
impulse and endurance gains, as well as a moderate asso-
ciation with improvements in cardiorespiratory indicators,
which indicated the significant role of aerobic load intensity

in shaping physiological adaptation. Similar patterns were
described in Q. You et al. (2022), where increased train-
ing load was associated with substantial vascular adapta-
tions and improved endothelial function. As the analysis of
correlations between training load and functional chang-
es showed, TRIMP magnitude was one of the key predic-
tors of endurance gains in the young and middle-aged
groups. A similar approach was confirmed in the study by
EM. Impellizzeri et al. (2005), where TRIMP proved to be
the strongest predictor of endurance gains compared with
training volume and duration, demonstrating a close re-
lationship with changes in aerobic performance. Table 4
presented correlation coefficients between TRIMP and key
physiological indicators, which allowed the strength and
statistical significance of the relationships to be assessed.

Table 4. Correlation of TRIMP with functional changes (coeflicient r, p value)

Indicator Young age Middle age Older age
Gain in 6-minute walk test r=062 (p<0.01) r=0.54(p<0.05) r=0.38 (p=0.067)
Change in resting HR r=-0.41(p<0.05) r=-0.33(p=0.071) r=-0.21(p=0.128)
Change inVC r=0.47 (p<0.05) r=0.39 (p=0.058) r=0.24(p=0.112)

Source: compiled by the authors on the basis of the obtained study data and statistical processing in IBM SPSS Statistics 28.0 (IBM, 2021)

As Table 4 shows, the most pronounced correlation
between training load and gains in functional endurance
was recorded in the young group (r=0.62; p <0.01), which
indicated high sensitivity of the aerobic system to training
stimulus. In middle age, the correlation remained statisti-
cally significant, although weaker (r=0.54; p <0.05), which
reflected a gradual decline in adaptive capacities. In the
older group, the correlation was weaker and statistically
borderline (r=0.38; p=0.067), which corresponded to the
age-related features of neurovascular response described in
the work by T. Tarumi et al. (2022), when load intensity
did not always transform proportionally into functional
changes. The inverse correlation between TRIMP and rest-
ing heart rate was most pronounced in young participants
(r=-0.41; p<0.05), which indicated the development of the
economisation effect of cardiac activity as a result of aero-
bic training. In the older group, this indicator was weaker

and statistically non-significant, which was consistent with
the conclusions of ]. Hendrikse et al. (2022) regarding slow-
er cardiovascular adaptation in older individuals.

The relationship between training load and change
in vital capacity of the lungs was moderate in the young
group (r=0.47; p <0.05) and decreased with age, which
confirmed different ventilatory reserve and respiratory
adaptation capacities. Similar trends were described in the
work by T. Ishihara et al. (2021), where aerobic training in-
tensity was an important predictor not only of physical, but
also of cognitive changes in younger participants, whereas
in the older population effects were less pronounced but
more stable. For visual demonstration of the nature of the
relationship between training load and endurance gain,
Figure 2 presented the correlation between TRIMP and
change in 6-minute walk test distance, which reflected dif-
ferent adaptive profiles of the age groups.

120 102 "
 — .
2 e 60 55 — —TRIMP
= 40 30 Increase in 6-minute test (m)
20
0
Young age Middle age Older age Group

Figure 2. Correlation between TRIMP and endurance gains
Source: compiled by the authors on the basis of the obtained study data and statistical processing in IBM SPSS Statistics 28.0 (IBM, 2021)

Analysis of the graphical relationship between TRIMP
and gains in functional endurance shown in Figure 2
demonstrated clear age differentiation of adaptive response.
In the young group, the greatest increase in 6-minute walk
test distance (+60 m) was recorded at the highest mean
TRIMP (102 conventional units), which indicated high
sensitivity of the aerobic system to load and the presence of
substantial functional reserve. In the middle-aged group,

indicators were somewhat lower: TRIMP - 88 conventional
units, gain — +55 m; however, an almost linear relationship
between load and endurance gain was preserved (r=0.54;
p<0.05). In contrast, in the older group, despite positive dy-
namics (+30 m), the endurance gain was no longer propor-
tional to the magnitude of training impulse (TRIMP = 74
conventional units), and the correlation between load and
outcome was statistically borderline (r=0.38; p = 0.067).
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Such a plateau-like graph shape indicated that increasing
load in older participants did not yield the expected func-
tional gain, which was a characteristic feature of limited
cardiovascular and respiratory reserve. Similar patterns
were described in the work by T. Tarumi ef al. (2022), where
it was noted that reduced vascular elasticity and decreased
neurovascular reactivity at age 60+ limited the potential
for aerobic adaptation, despite the influence of the training
programme. In summary, the obtained data indicated that
the established correlation profile confirmed that training
load magnitude (TRIMP) was the leading predictor of en-
durance improvement in younger and middle-aged groups.
At the same time, the effectiveness of this factor decreased
substantially with age, which required personalised selec-
tion of intensity and class format, especially for older in-
dividuals. This was particularly relevant when planning
aquaaerobics programmes, where load was reduced but
sufficient safety and result stability were ensured.

Analysis of changes in quality of life after the 12-week
aerobics programme demonstrated substantial improve-
ment across all WHOQOL-BREF domains; however, the
magnitude of effect varied considerably depending on the
age group. The greatest dynamics were observed in young
and middle-aged participants, whereas in older individuals,
improvement was moderate but stable and clinically mean-
ingful. After the intervention, changes in quality-of-life in-
dicators according to the WHOQOL-BREF questionnaire
were analysed across four domains. Particular attention
was given to between-age differences, since, according to
H. Ye et al. (2022), response to health programmes was
substantially modified by age and baseline functional state.
Table 5 presented a comparison of mean values before and
after the programme for each age group, which allowed the
nature and magnitude of changes in the physical, psycho-
logical, social, and environmental components of quality of
life to be assessed.

Table 5. Changes in quality of life according to WHOQOL-BREF (M + SD)

Domain Young age (18-35 years, n=40) Middle age (36-55 years, n=40) Older age (56-70 years, n=40) pvalue
Physical 63.2+81->71.4+76 587+79->665+72 543+8.4->589+78 0.031
Psychological 68.5+74—>756+71 64.1+78>71.2+73 60.7+8.2 > 64.3+79 0.044
Social relationships 70.3+86—>76.2+8.1 66.2+79 > T72.4+75 61.5+8.5->651+80 0.067
Environment 721+79->78.4+73 689+74->742+71 65.3+8.1->68.7+78 0.052

Source: compiled by the authors on the basis of the obtained study data and statistical processing in IBM SPSS Statistics 28.0 (IBM, 2021)

As Table 5 shows, the greatest increase was observed
in the physical domain in young participants (A = +8.2
points), which indicated a substantial improvement in the
sense of energy, reduced fatigability, and increased ability
to perform daily physical loads. Similar effects were de-
scribed in B. Ferrer-Uris et al. (2022), where it was noted
that regular aerobic training stimulated cognitive-motiva-
tional mechanisms of perceiving physical condition, in-
creasing the subjective sense of control over the body and
motor activity. In the middle-aged group, improvement in
the physical domain was somewhat smaller (A =+7.8), but
remained statistically significant (p <0.05), which was con-
sistent with the data of S.B. Al-Mhanna et al. (2024), where
individuals with baseline metabolic risks demonstrated
high responsiveness to training influence in the context of
subjective well-being. In the older group, dynamics were
moderate (A = +4.6), but clinically important, since even
a small improvement in physical well-being at age 60+
was associated with increased autonomy, as confirmed by
L. Yao et al. (2021), who pointed to the critical role of neu-
ropsychological factors in maintaining the quality of life of
older people. The psychological domain demonstrated pro-
nounced changes in the young (A =+7.1) and middle-aged
groups (A =+7.1), which may be associated with reduced
stress levels, improved mood, and a sense of achievement,
described by M.P.B. de Oliveira et al. (2021) in the context
of neuroplastic effects of aerobic programmes in neuro-
logical conditions. In older participants, the increase was
more modest (A = +3.6), which corresponded to the as-
sumption of H. Ye et al. (2022) regarding limited psycho-
logical reserve for adaptation at older age. The social do-
main showed the lowest statistical significance (p =0.067);
however, improvement in the young (A =+5.9) and mid-
dle-aged groups (A = +6.2) indicated increased social

involvement, which was an important factor in sustaining
motivation. For older individuals, the increase was min-
imal (A =+3.6), which may be explained by lower social
activity and stability of social ties, described in L. Yao et
al. (2021). The “environment” domain demonstrated mod-
erate but important changes, especially in the young group
(A =+6.3), which may be associated with increased sense
of safety and control over one’s life, which was consistent
with the conclusions of H. Ye et al. (2022) regarding the
influence of safe training formats on perception of the sur-
rounding environment. Statistical analysis using Student’s
t-test for paired samples confirmed significant changes
in the physical and psychological domains for the young
and middle-aged groups (p < 0.05), whereas for the older
group changes were borderline, which corresponded to the
data of M.P.B. de Oliveira et al. (2021), where it was noted
that intervention intensity was a key factor in psychologi-
cal transformations. Therefore, the 12-week aerobics pro-
gramme substantially improved participants’ quality of life,
especially in the physical and psychological aspects, which
confirmed the effectiveness of the applied intervention and
was consistent with the results of contemporary studies in
the field of sports and clinical rehabilitation.

Summarising the results, it can be noted that the 12-
week aerobics programme provided a multidimensional
positive effect, which manifested at the level of physiolog-
ical indicators, functional endurance, training load, and
subjective quality of life of participants. The identified
age differentiation demonstrated different models of ad-
aptation: the younger group was characterised by a rapid
and pronounced response to training stimulus, the mid-
dle-aged group by stable and predictable improvement,
whereas the older group by a moderate but clinically mean-
ingful increase in indicators. Despite differences in the pace
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and mechanisms of adaptation, all groups showed reduced
cardiovascular load, increased ventilatory capacity, and im-
proved tolerance to physical activity.

Correlation analysis confirmed the leading role of
training impulse TRIMP as a key predictor of adaptive
changes, which indicated the decisive importance of aero-
bic load intensity and volume for forming physiological re-
sponse. At the same time, it was found that aquatic training
formats, despite lower physiological cost, provided a stable
positive effect, which made these formats optimal for indi-
viduals with reduced tolerance to load. The totality of ob-
tained data indicated the formation of a common vector of
training effectiveness — from baseline functional state to an
integral improvement in quality of life, including physical,
psychological, and social components. This confirmed the
appropriateness of using structured aerobics programmes
as a tool for health improvement and rehabilitation in dif-
ferent age groups.

Conclusions

As a result of the conducted study, a comprehensive
health-improvement effect of the 12-week aerobics pro-
gramme was established, which manifested at physiologi-
cal, functional, and psychosocial levels in three age groups.
Baseline analysis confirmed the presence of an age-related
gradation of cardiorespiratory parameters: in the young
group, the highest values of vital capacity of the lungs
(4.1+0.5 1) and 6-minute walk test results (615 + 42 m)
were recorded, whereas in the older group the minimum
values were observed (2.9+0.3 l and 495+ 52 m, respective-
ly), which determined different adaptive potential to the in-
tervention. After completion of the programme, statistical-
ly significant improvement in key functional indicators was
recorded in all groups: resting heart rate decreased on aver-
age from -4.2 beats/min in young participants to -1.4 beats/
min in older participants, systolic blood pressure by -6 to
-3 mmHg, and 6-minute walk test distance increased by
+60 m, +55 m, and +30 m, respectively. Confidence inter-
vals and p values (p =0.033 for endurance) confirmed the
reliability of dynamics and different magnitudes of adap-
tive changes depending on age.

Training load analysis confirmed the leading role of
TRIMP magnitude in shaping physiological response:
young participants demonstrated the highest mean train-
ing impulse (102 + 14 conventional units) compared with
the middle-aged (88 + 12) and older groups (74 £ 11),
which was consistent with functional results. Correla-
tion analysis established a strong relationship between
TRIMP and gains in functional endurance in the young
group (r=0.62; p<0.01), a moderate one in middle age
(r=0.54; p<0.05), and a borderline one in the older group
(r=10.38; p=0.067), which indicated an age-related de-
crease in training sensitivity and limited cardiorespiratory

reserves in older individuals. The inverse correlation be-
tween TRIMP and resting heart rate (up to r=-0.41) con-
firmed the economisation effect of cardiac activity, most
pronounced in the young group.

Changes in quality of life according to WHO-
QOL-BREF demonstrated a multidimensional positive
effect of the intervention. The greatest gain was recorded
in the physical domain in young participants (A = +8.2
points) and the middle-aged group (A =+7.8), whereas in
the older group improvement was moderate but clinically
important (A = +4.6). The psychological domain showed
significant changes in young and middle-aged individuals
(A =+7.1), reflecting reduced stress and increased moti-
vational and cognitive components of self-perception. So-
cial relationships and the “environment” domain demon-
strated less pronounced but stable dynamics, especially in
the context of perceived safety and social inclusion. Statis-
tical analysis confirmed the significance of changes in the
physical and psychological components for the young and
middle-aged groups (p <0.05), whereas in the older group
results were borderline.

The generalised adaptation model formed on the ba-
sis of the obtained data reflected the following sequence:
baseline functional state - training load (TRIMP) > phys-
iological response > functional improvement > increased
subjective quality of life. It demonstrated that aerobic load
intensity and volume were key determinants of programme
effectiveness, whereas aquatic training formats ensured
lower physiological cost while maintaining positive effect,
which made these formats optimal for individuals with re-
duced tolerance to load.

Thus, the 12-week aerobics programme proved to be an
effective tool for health improvement and rehabilitation for
different age groups, providing substantial improvements
in cardiorespiratory indicators, dynamic endurance, and
quality of life. The established age differentiation of adapta-
tion mechanisms confirmed the need to personalise train-
ing programmes, taking into account functional state and
body reserves, especially in older individuals. Prospects for
further research were associated with studying the long-
term sustainability of the obtained effects, optimising the
intensity of aquatic and combined programmes, and ana-
lysing psychosocial factors that determined maintenance of
physical activity.
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AHoTauifa. MeTta JOCTIIXEHH — KOMIUIEKCHe JOCTIIKEHHs BIUIUBY PEry/LIPHUX 3aHATh aepobiko Ha (i3MuHMIL i
¢byHKIlOHANMBbHNUIT CTaH OCi6 pisHMX BIKOBMX KaTeropiil 3 ypaxyBaHHSAM BikoBocrmenniyHUX MeXaHi3MiB ajamTariil,
0co6MBOCTelT TOOYOBM HaBaHTA)KEHHS Ta Xapakrtepy ¢isionoriunux peaxiiit. OLiHIOBaHHS 3[1/ICHIOBAIOCS Ha OCHOBI
MOKAa3HMKiB YaCTOTU CEPLIEBUX CKOPOUEHb, ApTEPiaIbHOTO TUCKY, KUTTEBOI EMHOCTI JIeT€Hb, Pe3yNbTaTiB 6-XBUIMHHOTO
TecTy Xoab6y, inpgekcy Training Impulse, a Takox ommrysanbHuka World Health Organization Quality of Life — Brief
Version i3 BukopucranaaM t-kpurepito CtbrofieHTa, U-Kpurepito MaHHa- YiTHI, KopenAniiiHoro aHanisy Ta 95 % goBipunx
inTepBasiB. Pe3ynbTaTy 3acBifuMIM CTATUCTUYHO 3HAUYIIe OKPAI[eHHs (YHKI[IOHA/IbHIX MOKA3HUKIB y BCIX rpymax:
YacTOTa CepleBUX CKOPOUYEHb y CIIOKOI 3HM3MIACA Biff -4,2 y1I./XB y MONOfoi o -1,4 yAI./XB y /TiTHBOI TPyNHM; JUCTAHIIiA
6-XBWIVHHOTO TecTy 30impiuniacs BifmoBifgHo Ha 60, 55 i 30 MetpiB (p =0,033). Cepenni 3HauenHs Training Impulse;
craHoBuau 102, 88 ta 74 yMm. ofi., 1110 BU3HAYAJIO Pi3HY TpeHyBa/lIbHY CEHCUTUBHICTD. KopenAwiliunii ananis migTsepans
IIPOBiHY POJIb TPEHYBaJIbHOIO iIMIyIbCy Yy (popMyBaHHI aganTaniiHux 3MiH (r=0,62 y Monopoi rpyny; p < 0,01). 3a
pesynpraramn World Health Organization Quality of Life — Brief Version Haii6isblie mOKpalieHHsI CIOCTEPIranmocst y
¢bisUIHOMY Ta ICUXOJIOTIYHOMY JOMEHaX y MOJIOOI Ta CepefHbOBIKOBOI IPYII, TOAL 5K Y /ITHIX y4acHMKIB eekTu 6ynn
HoMipHMMY, ajte KIiHiYHO 3HauyInmu (A QisudaHOro foMeHy = +4,6). OTprMaHi pe3ynbTaTi CBif4aTh mpo eeKTUBHICTD
CTPYKTYPOBaHMX IIPOrpaM aepoObiky i pisHMX BIKOBMX KaTeropiil Ta MifKPeCIo0Tb HeoOXigHicTh mepconidikanii
TpeHyBaJIbHOI IHTEHCUBHOCTI, 0cOOMBO Y MiTHIX 0ci6. [laHi TOCTImKeHHA MOXYTb OYTY BUKOPUCTAHI JIA oNTHUMi3anii
03[J0OpOBYNX IIPOTrpaM, po3pobku He3neunnx GpopmaTiB akBaaepoOiku Ta MigBUILEHHS SIKOCTI KUTTS HaCe/IeHHs
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