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Abstract

Background and Objectives: Cardiovascular diseases (CVDs) remain the leading cause of
mortality worldwide. Regular physical activity (PA) represents a key modifiable factor
in CVD prevention. Methods: Fifty-two healthy adult males participated in this study,
divided into two groups: aged up to 45 years and over 45 years. The subjects performed
a bicycle ergometer exercise and a standardised back muscle workload protocol. ECG,
arterial blood pressure (ABP), and muscle oxygen saturation (StO2) measurements were
obtained during workload and recovery. Results: During bicycle ergometer workload,
heart rate (HR) at minute 2 was significantly lower in participants over 45 years of age
compared to the younger group (126.8–109.8 bpm), while diastolic blood pressure (dBP)
was significantly lower in the under-45 group during maximal workload (65.4–71.9 mmHg)
and the first minute of recovery (54.6–69.3 mmHg). During workload for back muscles, the
over-45 group showed significantly lower dBP at the third rest period (87–74.7 mmHg),
while StO2 was significantly lower in the over-45 group compared to the under-45 group
(54.4–77.8%). Conclusions: The findings of this study demonstrate that both bicycle er-
gometer exercise and standardised back muscle workload had a significant influence on
cardiovascular system (CVS) responses, particularly when stratified by age. Participants
over the age of 45 exhibited a higher incidence of functional myocardial ischaemia, reduced
StO2 and more pronounced increases in HR during and following exertion.

Keywords: ECG; StO2; back muscles; age-related changes

1. Introduction
Cardiovascular diseases (CVDs) are the leading cause of death globally, accounting for

nearly one-third of all deaths. In 2022, global deaths from CVDs reached 19.8 million [1].
There is an opportunity to improve efforts aligning with Sustainable Development Goal 3.4,
aiming to decrease premature mortality from non-communicable CVDs by one third, and
this objective corresponds with the World Heart Federation’s World Heart Vision 2030 [2].
Along with the increasing trend regarding sedentary lifestyles, there has been an increase
in obesity and CVD morbidity; hence, the promotion of physical activity (PA) and regular
exercise matters now more than ever [3]. PA can contribute to efforts to meet four major
medical challenges: treatment, rehabilitation, prevention and health promotion. Health
promotion and preservation are pertinent scientific and practical issues given the greater
resources allocated to prevention compared with rehabilitation or treatment [4,5]. The
European Society of Cardiology has highlighted an increase in PA as a top priority [6].
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According to the World Health Organisation (WHO), engaging in 150–300 min of
moderate-intensity regular PA per week including muscle-strengthening activities at least
two days per week is recommended [7]. As a form of PA, exercise is generally dichotomised
into endurance or aerobic training and resistance or strength training categories [8]. The
general scientific consensus is that endurance exercise increases heart and respiratory
rates for extended periods, enhancing cardiovascular fitness (strengthening the heart and
lungs), improving circulation, and thus reducing the risk of heart disease, and traditional
strength training has a positive influence on muscle mass, bone mineral density, and
metabolic health [9,10]. Cycle ergometry is a valuable, non-invasive, and cost-effective
tool for assessing aerobic capacity via ECG. It is instrumental in evaluating cardiovascular
adaptations to endurance training and identifying physiological thresholds for optimised
performance [11,12]. Meanwhile, back-strengthening exercises, such as planks, hyperex-
tensions, and dynamic stabilisation routines, enhance core stability, improve posture, and
reduce injury risk by targeting muscles like the erector spinae and transverse abdomi-
nis [13,14]. The combination of these exercises synergises with WHO recommendations
by supporting both endurance and resistance training efficacy, ensuring balanced muscu-
loskeletal health and functional longevity.

To advocate for health-promoting exercises, researchers prioritise the scientific eval-
uation of their effectiveness. In practice, various methods are used to evaluate changes
in the body caused by physical exertion, but in the field of health sciences, evaluations
of the functional state of the cardiovascular system (CVS) are considered one of the most
important [15,16]. The timely and accurate diagnosis of CVDs based on ECG has a crucial
role in mitigating premature cardiovascular mortality [17]. Consequently, the identification
of specific cardiac deviations via the analysis of ECG signals has become imperative for
diagnosing cardiac disorders.

CVS monitoring can be used to answer questions about the functional state of athletes,
non-athletes, and patients with diseases. Older people who are starting to train, as well as
those who train in their leisure time, are much less widely evaluated than high-performance
athletes [18]. Well-structured training delivers adequate exercise stimuli to athletes while
minimising the risk of prolonged non-functional overreaching or insufficient recovery.
Regular athlete assessment can contribute to performance optimisation while helping to
prevent injuries. Functional alterations in the body during exercise are conditioned by a
sequence of complex interrelated processes. These processes cause physiological adaptation
to physical load, which is generally defined as the development of such functionality,
manifested in an individual’s greater tolerance to the physical workload, an increased
amount of energy resources, and an optimisation of regulatory mechanisms [19]. When
testing athletes at rest, it is often not possible to determine the functional state of organs or
systems, the reserve capabilities of the body, functional failures, or pathological changes.
Failure of reserve cardiac capabilities may only be evident when the heart is working at
a higher power than usual [20]. As a result, cardiovascular functional capacity and its
adaptability to PA are investigated and evaluated using functional testing.

2. Materials and Methods
2.1. Trial Design

The initial monitoring was conducted to inform participants about the study protocol.
Each of the participants read and signed an informed consent form agreeing to engage in
all testing procedures. Their PA patterns were assessed using the Global Physical Activity
Questionnaire (GPAQ), and their body composition was evaluated. Before each assessment,
participants were required to avoid smoking and eating for at least three hours. Throughout
the intervention assessment period, participants were instructed to maintain their usual
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daily habits. The study involved two measurement phases, Study A and Study B, conducted
within a one-week period. Both measurements followed the same standardised procedures
and conditions to ensure consistency and reliability in data collection. After completing
assessments, participants were categorised into two age groups: under 45 years (n = 24)
and over 45 years (n = 28). The study protocol is shown in Figure 1.

Figure 1. Study protocol. GPAQ: Global Physical Activity Questionnaire; ECG: electrocardiogram;
ABP: arterial blood pressure; StO2: oxygen saturation; BMI: Body Mass Index; W: watts; min: minutes;
sec: seconds.

The study was approved by the Lithuanian Bioethics Committee in Approval to
Conduct Biomedical Research (23 January 2020 No. L-20-1/1). The experiments were
performed according to the ethical standards and principles of the Declaration of Helsinki.

2.2. Participants

Fifty-two physically active male participants (mean age: 41.2 ± 3.0 years; range:
22–62 years; height: 1.79 ± 0.01 m; weight: 82.6 ± 2.3 kg; BMI: 25.7 ± 0.6 kg/m2) were
recruited through targeted convenience sampling. They were separated into two age-based
groups: under 45 years of age (n = 24; age: 25.1 ± 0.8 years; height: 1.81 ± 0.01 m; weight:
80.7 ± 3.8 kg; BMI: 24.6 ± 0.9 kg/m2) and over 45 years of age (n = 28; age: 56.3 ± 1.2 years;
height: 1.78 ± 0.01 m; weight: 84.4 ± 2.7 kg; BMI: 26.7 ± 0.7 kg/m2). All participants
were engaged in regular physical activity, meeting the criteria for moderate to vigorous
intensity as defined by the GPAQ. Each had attended a gym for at least one year and
reported a minimum of three hours of physical activity per week, including both aerobic
and resistance training. None were professional athletes. Inclusion criteria required that
participants be male, aged 20 to 64 years, physically active, free from cardiovascular disease
or other chronic health conditions, with normal resting blood pressure, and not taking any
medications or dietary supplements. There were no significant differences between the
two age groups in terms of BMI or habitual physical activity levels. Given the homogeneity
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of the sample with respect to sex, physical activity habits, BMI, and cardiovascular risk
profile, no additional matching procedures were deemed necessary.

2.3. Assessments
2.3.1. Measures of Physical Activity

PA patterns were evaluated using the GPAQ developed by the WHO, which is known
for its proven validity and reliability [21]. This tool assesses PA across three main areas:
work-related activity, travel by active means, and recreational or leisure-time activity. The
GPAQ includes 16 items aimed at identifying the frequency, duration, and intensity of
PA. In this study, all participants indicated they engaged in PA of at least moderate or
vigorous intensity.

2.3.2. Body Composition

For anthropometric evaluation, height and weight were recorded using calibrated
equipment while participants were barefoot and dressed only in their underwear. A
Seca® 213 stadiometer (Seca GmbH & Co, Hamburg, Germany) was employed for height
measurement, and a Tanita® BC-545 scale (Tanita Corporation, Tokyo, Japan) was used to
determine body weight. These measurements were essential for calculating the Body Mass
Index (BMI).

2.3.3. Oxygen Saturation

Changes in muscle oxygen saturation (StO2) during and after the procedure were as-
sessed by means of non-invasive near-infrared spectroscopy using a photosensor (Hutchin-
son Technology, Hutchinson, MN, USA). The photosensitive sensor was attached to the
main muscle group performing the movement: Study A—vastus lateralis; Study B—erector
spinae. The level of StO2 was recorded continuously throughout the exercise and for 5 min
of recovery.

2.3.4. Arterial Blood Pressure Measurements

Arterial blood pressure (ABP) was assessed using a cuff-based auscultatory tech-
nique, utilising Korotkoff sounds for systolic (sBP) and diastolic (dBP) blood pressure
determination (Omron Healthcare Co, Kyoto, Japan).

2.3.5. ECG Measurements

The selection of the two exercise modalities—intermittent back muscle loading and
cycling—was based on their relevance to real-life physical activities involving postural and
aerobic demands. During the procedure, a 12-lead ECG was recorded for later analysis by
means of using the CardioScout Multi ECG recorder. The analysed parameters were sBP,
dBP, heart rate (HR), and ST-segment depression (sum of negative values of 12 leads).

Study A (Figure 1): ECG signals were captured every 15 s at baseline, during graded
exercise on a cycle ergometer at intensities of 50 W (light), 100 W (moderate), 150 W (heavy),
and 200 W (maximal), and throughout a 3 min recovery phase. Prior to testing, participants
were attached with ECG electrodes and instructed to remain at rest for 30 min to establish
stable baseline readings. This was followed by an additional minute of rest while seated
on the cycle ergometer. The exercise protocol required participants to pedal at a steady
cadence of 60 rpm, with workload increasing by 50 W each minute, beginning at 50 W and
progressing to 200 W. Post-exercise, participants remained seated for 3 min while ECG data
were continuously collected to assess recovery. A 12-lead ECG and arm-cuff ABP readings
were taken at the conclusion of each workload stage. Changes in muscle StO2 in the muscle
(vastus lateralis) were also monitored continuously throughout the protocol. ECG and ABP
measurements continued during the recovery period as well.
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Study B (Figure 1): The subjects performed three sets of exercise for the back muscles,
consisting of trunk extension exercise performed on a back extension bench supported
by a trainer. Before the measurements began, the ECG electrodes were applied to the
participant’s body and participants sat and rested for 30 min to assure stable baseline
readings. Resting parameters were collected at the end of 30 min. After the test, the
participants rested for 3 min while ECG data were continuously recorded for recovery
analysis. The torso-stretching movement was performed for 10 s and the return to the
starting position (torso bending movement) for 20–25 s (Figure 1), with three repetitions.
Between each repetition, the subjects rested for 3 min while standing. After the exercise,
the subjects rested for 3 min to monitor recovery. ECG measurements and the change in
StO2 in the muscle (erector spinae) were recorded continuously throughout the study; ABP
was measured at the end of each set.

2.3.6. Statistical Analysis

All statistical analyses were performed using SPSS Statistics software (version 27.0;
IBM Corp., Armonk, NY, USA). Results are expressed as arithmetic means ± standard error
of the mean (SEM). The normality of data distribution was assessed using the Kolmogorov–
Smirnov test. To evaluate the effects of time (within-subject factor), age group (between-
subject factor), and their interaction, a two-factor mixed ANOVA was conducted. To control
for the risk of Type I error due to multiple comparisons, post hoc tests were adjusted using
the Holm–Bonferroni correction. Effect sizes were calculated to estimate the magnitude of
observed effects. A p-value of less than 0.05 was considered statistically significant.

3. Results
Figure 2 demonstrates that prior to and during the bicycle ergometer test (Study A),

there were no statistically significant differences in HR between the two age groups. HR
progressively increased with each workload level and subsequently decreased during
the recovery phase in both groups. The highest HR was recorded at 200 W, reaching
156.1 ± 3.7 bpm in the under-45 group and 160.5 ± 3.7 bpm in the over-45 group. A
statistically significant difference between groups emerged at the second minute of recovery:
HR decreased to 126.8 ± 3.7 bpm in the younger group and to 117.0 ± 4.2 bpm in the
older group (p < 0.05). Despite this reduction, HR values in both groups remained above
baseline after three minutes of recovery. Based on HR data, participants under 45 showed
a faster return to baseline levels after physical exertion compared to those over 45. Effect
size analysis indicated a moderate difference in HR recovery at 2 and 3 min post-exercise,
suggesting better cardiovascular recovery in the younger group.

During the local intermittent loading protocol (Study B), HR dynamics differed. Com-
pared to exercise, HR increased during recovery periods. Statistically significant differences
between age groups were observed from the first to the last recovery stage (p < 0.05). At the
first rest interval, HR in the under-45 group was 92.4 ± 4.0 bpm, while the over-45 group
reached 106.0 ± 5.0 bpm (p < 0.05). During the second repetition, HR decreased slightly
to 89.7 ± 2.4 bpm and 100.0 ± 3.7 bpm in the younger and older groups, respectively
(p < 0.05). A subsequent increase was observed during the second rest period, with HR
reaching 95.3 ± 4.0 bpm in the under-45 group and 108.0 ± 4.6 bpm in the over-45 group
(p < 0.05). This upward trend continued in the third repetition and rest phase. HR during
the third repetition increased in the under-45 group to 94.4 ± 2.7 bpm and 103.0 ± 2.2 bpm
in the over-45 group (p < 0.05). The third rest period exhibited the highest HR values of this
protocol: 99.1 ± 3.4 bpm in the under-45 group and 109.5 ± 3.5 bpm in the over-45 group
(p < 0.05).



Appl. Sci. 2025, 15, 6985 6 of 13

 

Figure 2. The HR dynamic during (A) the bicycle ergometer workload while the workload increased
stepwise every minute and (B) the intermittent workloads applied to back muscles. Note. HR, heart
rate; bpm, beats per minute; W, watts; min, minute; REP, repetition. * p < 0.05.

Figure 3 shows that at the onset of exercise, sBP in Study A progressively increased
with each stage of the bicycle ergometer test and decreased during the recovery period. In
Study B, sBP values returned close to baseline during the rest intervals between repetitions.
No statistically significant differences in sBP were observed between age groups at any stage
of testing or recovery. At baseline, sBP in Study A was 127.3 ± 2.6 mmHg in participants
under 45 years of age and 124.0 ± 2.9 mmHg in those over 45. The highest values were
recorded at the 200 W workload, reaching 188.8 ± 5.9 mmHg in the younger group and
197.2 ± 4.0 mmHg in the older group.

During the local intermittent exercise protocol targeting the back muscles (Study B),
sBP values during recovery were lower than baseline in both age groups. Baseline sBP was
124.4 ± 3.1 mmHg in the under-45 group and 118.0 ± 3.4 mmHg in the over-45 group. After
the third repetition, sBP peaked during exercise, reaching 125.8 ± 3.1 mmHg in the younger
group and 123.3 ± 5.1 mmHg in the older group. The lowest values were observed during
the third rest phase: 122.9 ± 2.4 mmHg in the under-45 group and 115.7 ± 3.4 mmHg in the
over-45 group. dBP at baseline in Study A was 79.7 ± 2.4 mmHg for the younger group and
81.0 ± 2.5 mmHg for the older group. A statistically significant difference between groups
was observed at the 200 W workload: dBP decreased to 65.4 ± 7.3 mmHg in the under-45
group and to 71.9 ± 5.3 mmHg in the over-45 group (p < 0.05). One minute into recovery,
dBP further dropped to 54.6 ± 4.1 mmHg and 69.3 ± 3.7 mmHg, respectively, again showing
a statistically significant difference (p < 0.05). After three minutes of recovery, values did not
return to baseline. In Study B, dBP at baseline was 80.0 ± 2.4 mmHg in the under-45 group
and 82.0 ± 2.5 mmHg in the over-45 group. Throughout the intermittent exercise protocol,
dBP decreased during repetitions and increased during rest in both groups. Notably, during
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the final repetition, dBP decreased more in the over-45 group (70.0 ± 2.3 mmHg) compared
with the under-45 group (75.8 ± 3.2 mmHg). During the third rest period, a statistically
significant difference emerged: dBP increased to 87.0 ± 2.0 mmHg in the younger group
and only to 74.7 ± 2.9 mmHg in the older group (p < 0.05). Age has a moderate effect on
diastolic blood pressure during and after exercise, with the over-45 group showing slightly
higher values. Effect sizes range from 0.25 to 0.67, indicating small to moderate differences
between age groups.

Figure 3. The sBP (A) and dBP (C) dynamic during the bicycle ergometer workload while the work-
load increased stepwise every minute and sBP (B) and dBP (D) dynamic during the the intermittent
workloads applied to back muscles. Note. sBP, systolic blood pressure; dBP, diastolic blood pressure; mmHg,
millimetres of mercury; W, watts; min, minute; REP, repetition. * p < 0.05.

Figure 4 illustrates that in Study A, ST-segment depression increased significantly
in both age groups as the workload approached 200 W. At this intensity, the ST-segment
depression was measured at 0.38 ± 0.09 mV in participants aged under 45 years of age
and at 0.43 ± 0.1 mV in those over 45 years of age. However, the difference between the
groups was not statistically significant. In Study B, during localised repeated loading of
the back muscles, ST-segment depression values progressively increased in response to
rising workload and were further elevated during the recovery phase. Higher ST-segment
depression values were recorded in the group aged over 45 years, particularly during
recovery. Following the third repetition, ST-segment depression during recovery was
0.17 ± 0.06 mV in the older group and 0.10 ± 0.02 mV in the younger group; however, this
difference also did not reach statistical significance.
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Figure 4. The ST-segment dynamic during (A) the bicycle ergometer test while the workload
increased stepwise every minute and (B) the intermittent workloads applied to back muscles. Note.
mV, millivolts; W, watts; min, minute; REP, repetition.

Figure 5 presents the dynamics of StO2 during both the exercise and recovery phases.
In Study A, as the workload on the bicycle ergometer increased incrementally each minute,
a decline in StO2 was observed in both age groups. Upon reaching a workload of 150 W,
the mean StO2 value in participants under 45 years of age was 77.8 ± 5.3%, whereas in
those over 45 years of age it was 54.4 ± 7.7%, with a statistically significant difference
between the groups (p < 0.05). During the recovery phase, StO2 values in both groups
exceeded baseline levels. In the younger group (<45 years), the peak value was recorded in
the second minute post-exercise (120.7 ± 4.6%), while in the older group (≥45 years), the
highest value occurred in the third minute of recovery (135.1 ± 7.1%). The study results
showed that StO2 levels were higher in participants over the age of 45 compared to younger
individuals. The calculated effect sizes indicate a strong age-related impact on muscle
oxygenation dynamics both during physical exertion and in the recovery period.

In Study B, involving intermittent loading of the back muscles, StO2 levels decreased
during exercise repetitions and increased during recovery periods. However, the difference
in StO2 values between the age groups was not statistically significant. The study revealed
differences in StO2 dynamics between age groups during exercise and recovery. Participants
over 45 showed more efficient oxygen recovery after each repetition. The effect size
indicates a moderate age-related impact, especially during recovery phases.
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Figure 5. The StO2 dynamic during (A) the bicycle ergometer test while the workload increased
stepwise every minute and (B) the intermittent workloads applied to back muscles. Note. StO2, muscle
oxygen saturation; mmHg, millimetres of mercury; W, watts; min, minute; REP, repetition. * p < 0.05.

4. Discussion
In the context of health promotion, the evaluation of health parameters constitutes

a fundamental component for the identification of determinants and the formulation
of evidence-based interventions. Many methods of assessing the response of the CVS
to workload are presented in the scientific literature [22], and cyclical exercise tests are
commonly described [23]; however, CVS responses to intermittent workload for the back
muscles are not sufficiently investigated. Strengthening the back muscles is an integral
part of physical health, and the connection between active working muscles and the
CVS is complex. This complexity results from the fact that the muscles do not work in
isolation but together with other muscle groups, internal organs, and all other physiological
systems [24,25]. Therefore, in our study, two different workloads helped us to monitor CVS
responses to back muscle exercises and differences in this dynamic response by age.

HR and ABP are well-known and well-studied indicators of CVS responses to work-
load [26]. An increase in HR during physical exertion is linked to a reduction in parasym-
pathetic influence and a simultaneous rise in sympathetic nervous system activity [27].
In our study, the dynamic changes in HR during the ergometer testing were consistent
with the findings of previous research. It is notable that although the differences between
age groups were not statistically significant, HR values in the over-45 group remained
consistently higher throughout the test. This result may be associated with age-related
changes in the autonomic nervous system, slower recovery of parasympathetic tone, and
decreased physical fitness in older adults [28]. During intermittent workloads applied to
the back muscles, HR increased more during the recovery phases than during exercise
repetitions. Throughout the testing procedure, participants’ postural changes from supine
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to standing positions could be related to the HR and ST-segment depression responses
to workload. HR changes caused by postural provocations are widely described in the
literature [29]. Increased HR immediately after a repetition could also be attributed to
the calf muscle pump activation during exercise; in the literature, this mechanism has
been referred to as the body’s ‘second heart’ due to its role in enhancing systemic blood
circulation [30]. Notably, age-related differences were observed: participants aged 45 and
older exhibited a more pronounced HR response to the workload, with HR increasing more
noticeably during the testing procedure compared with younger individuals.

ABP is one of the most extensively used haemodynamic variables studied following
exercise. In this study, ABP data confirm the well-known hypothesis [31] that during
exercise, sBP increases and dBP decreases at the same moment. In this study, ABP returned
to initial values after the intermittent workloads applied to back muscles. After ergometer
exercise, 3 min was too short a time for ABP values to return to baseline values. Similar
results were found by other investigators [26]. However, dBP responses varied with age.
Participants over the age of 45 demonstrated more stable diastolic values throughout the
ergometer test, while younger individuals showed a statistically significant decrease in dBP.
This age-related difference may be attributed to reduced arterial elasticity in older adults,
which limits the ability of blood vessels to accommodate increased cardiac output [32].
Similar results were observed when evaluating dBP dynamics during back muscle exercises,
with older individuals exhibiting smaller fluctuations in this parameter.

ST-segment depression is a widely discussed ECG parameter, which, for many decades,
has been recognised as an indicator of myocardial ischaemia [33]. Deviation in this parame-
ter is usually measured at its junction with the end of the QRS complex [34]. In our study,
ST-segment depression increased during the bicycle test and decreased at recovery. During
intermittent workloads applied to the back muscles, ST-segment depression reacted to
workload in a different way from that most commonly described in the literature [35], with
the values increasing more during recovery than during exercise. We attribute this observa-
tion to the reasons described above. This increasing dynamic is not significant in the study
group over 45 years of age. In this case, ST-segment depression increased in every exercise
repetition and also during recovery. Studies have shown that an increase in ST-segment
depression of more than 0.1 mV during or after exercise might predict coronary artery
disease, based on an ST-segment depression of more than 0.2 mV as the super-positive
standard [36]. In our study, the highest value during exercises to the back muscles reached
−0.16 ± 0.1 mV. The observed dynamics in these indicators could be related to the recovery
period being too short to allow a return to baseline values. Previous studies reported that
return of ST-segment depression to baseline after workload required a prolonged recovery
phase of at least 5 min [37]. Similar dynamics were observed in the group aged under
45, but in this case, changes in ST-segment depression values were smaller and were not
significant. Thus, the emergence of these functional ischaemic episodes during exercise can
determine the capacity of the functional state of the CVS in older age. Therefore, analysing
the ST segment during back muscle training can help to identify early signs of ischemia [38].

Changes in StO2 in muscle tissue are associated with changes in arterial blood flow
intensity [39]. In the event of fatigue in the working muscles, the oxygen saturation
begins to decrease, which is especially noticeable in the case of the highest workloads.
During exercise, these changes determine muscle blood flow intensity and StO2 for muscle
work [40]. In our study, during the bicycle ergometer exercise when workload reached
150 W, the muscles received a lower supply of oxygen in participants over 45 years age. At
recovery, the StO2 of these participants was higher than that seen for participants under
45 years age, which may be caused by vasodilation of the peripheral blood vessels and
severe intensification of blood flow in the calf. These phenomena are widely described in
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the literature [41]. During the intermittent workloads to the back muscles, StO2 monitored
in the muscle tissue was not significantly different between the groups, which may result
from the intensity and specific nature of the workload.

Age-related alterations in the autonomic nervous system play a crucial role in explain-
ing the differences observed between various age groups. Older adults typically show
decreased parasympathetic activity alongside an increased influence of the sympathetic
nervous system [42]. This shift results in a higher resting heart rate, a stronger heart rate
response during physical exercise, and a slower recovery afterward. Furthermore, vascular
ageing—marked by reduced arterial elasticity and endothelial dysfunction—impairs the
blood vessels’ ability to dilate (vasodilation) and adjust to the elevated cardiac output
required during physical activity [43]. Thus, these physiological changes together affect
not only heart rate dynamics and blood pressure regulation but also muscle oxygenation
and myocardial oxygen demand. Therefore, older participants in the study showed a more
pronounced increase in heart rate, a more stable but higher diastolic blood pressure, and
a slower recovery phase of muscle oxygen saturation and ST-segment changes. These
mechanisms help us to better understand why age is an important factor in assessing
cardiovascular responses to exercise.

A limitation of this study is the small group size. Further studies could be performed
with a larger number of participants to better reveal the CVS parameter responses to
other exercises. One more limitation of this study is the lack of a longitudinal design,
which would be valuable to investigate how cardiovascular responses to various types of
physical exertion change over a longer period. Additionally, future cohorts should consider
stratification by sex, activity level, and CVD risk profile to provide a more comprehensive
understanding of these factors’ influence on cardiovascular responses.

5. Conclusions
The findings of this study demonstrate that both bicycle ergometer exercise and stan-

dardised back muscle workload have a significant influence on CVS responses, particularly
when stratified by age. Participants over the age of 45 exhibited a higher incidence of
functional myocardial ischaemia, reduced muscle StO2, and more pronounced increases in
HR during and following exertion. These alterations are likely attributable to age-related
changes in autonomic nervous system regulation and vascular function. While differ-
ences in blood pressure and StO2 between age groups were more evident during bicycle
ergometer exercise, the standardised back muscle workload also revealed a meaningful
tendency, especially in the recovery phase for older individuals. These results underscore
the importance of developing age-specific PA and health promotion strategies. Further
research with larger sample sizes is warranted to validate these observed patterns.
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