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Abstracts

Age-related changes in the vascular system are closely linked to endothelial dysfunction, reduced bioavailability of nitric
oxide (NO), and a decline in the adaptive capacity of the cardiovascular system. Physical activity is regarded as one of the key
modifiable factors capable of slowing vascular aging; however, population-based functional indicators that reflect these
processes in older adults remain insufficiently explored.

Research objective. This study sought to characterize the age-related profiles of the physical, psychological, and social
dimensions of subjective well-being using the BBC scale. A further aim was to explore their association with an overall well-
being score, posited as a functional marker pertinent to the maintenance of vascular health in older adults.

Materials and methods. A cross-sectional study was conducted involving 136 relatively healthy teachers stratified by age
group. Subjective well-being was assessed using the BBC methodology, which distinguishes physical, psychological, and
social components. Statistical analysis included descriptive statistics, one-way analysis of variance (ANOVA), the Kruskal-
Wallis test, and Spearman correlation analysis. The critical level of statistical significance was set at p = 0.05.

Results. In the total sample, mean values were: physical component 22.16+5.49 (10-36), psychological component
41.5248.12 (22-58), social component 19.20+4.24 (10-28), and integral indicator 83.11+£13.41 (52-112). Across age groups,
the physical component ranged from 21.82 to 23.60 without progressive decline in older participants. Psychological scores
varied between 40.00+8.41 and 42.20+10.06, and social scores between 17.64+4.23 and 19.91+4.13. ANOVA revealed no
significant inter-age differences for physical (F=1.12; p=0.35), psychological (F=0.94; p=0.44), social (F=1.03; p=0.39), or
integral indicators (F=1.27; p=0.28); nonparametric analysis confirmed these findings (H=3.21-3.44; p>0.05). Spearman
analysis demonstrated strong positive correlations between the physical component and the integral score (r=0.62; p<0.001),
psychological and integral scores (r=0.74; p<0.001), and social and integral scores (r=0.58; p<0.001), indicating systemic
integration of functional domains and preserved adaptive capacity.

Conclusions. The findings indicate that the physical component of subjective well-being may be considered a functional
indicator associated with the preservation of adaptive capacity and vascular regulatory function in older adults. Indicators of
subjective well-being appear to be relevant functional markers of processes related to endothelial function and NO-dependent
vascular regulation, even in the absence of clinically significant cardiovascular pathology.

Keywords: subjective well-being; physical activity; vascular function; endothelial function; nitric oxide; vascular aging;
older adults.

BikoBi 3MiHH CYAMHHOI CHCTEMH IOB’SI3aHi 3 €HIOTEIIATbHOW AUCHYHKINE, 3HIDKSHHIM 010J0CTYITHOCTI OKCHIY a30Ty
(NO) Ta 3MeHIIeHHSIM aJanTaIliitHIX MOKJIMBOCTEH CepIIeBO-CYIMHHOI CUCTEMH.

Merta. OuiHUTH BIKOBI OCOONHMBOCTI (Di3WYHOTO, TCHXOJIOTIYHOTO Ta COIIaJbHOTO KOMIIOHEHTIB Cy0’€KTHBHOTO
Onarononydus 3a meronaukoro BBC 1 mpoanamizyBaT iX 3B’SI30K 3 IHTErpajbHUM ITOKa3HUKOM SIK (YHKIIOHAJIBHUM
IHIMKATOPOM 30epexeHHs CyAMHHOT QyHKIii.

Marepiain Ta Meroau. Y TIONEPEYHOMY JIOCHI/DKEHHI B3sUIM y4acTh 136 yMOBHO 3/0pOBMX BHKJIQJayiB,
cTpatudikoBaHux 3a BikoM. Cy0’ekTuBHE Onaromonywdsi BU3Ha4aiM 3a mkaigolo BBC. BukopucraHo onmcoBy CTaTHCTHKY,
ANOVA, xpurepiit Kpackena—Y omrica Ta kopensiuiiiauii ananiz Cripmena (p=0,05).

PesyabraT. CepenHi 3HaYeHHS] CTAHOBUIM: (i3MUHUN KOMTOHEHT — 22,16+5,49 (10-36), ncuxonoriuanii — 41,52+8,12
(22-58), comianmpumii — 19,20+4,24 (10-28), inrterpansunii mokasauk — 83,11£13,41 (52-112). V BikoBux rpymnax ¢isuaHumit
KOMIIOHEHT BapiroBaB y Mexax 21,82-23,60 6e3 mporpecwBHOTO 3HIDKEHHS y crapmmx oci6. [lcmxosoriuni Ta comianbHi
MOKAa3HUKHM TakoX 3amumanucs crabimsHuMH. 3a ANOVA (F=1,12; p=0,35) ta xpurepiem Kpackema—Yomrica (H=3,21;
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p=0,52) craTHCTH4YHO 3HAYyNIMX MDKBIKOBHX BinMiHHOcTel He BusBieHO (p>0,05). BcraHOBNEHO CHIBHUI NO3WTHBHUM
3B’s130K MiX (pi3MYHUM Ta iHTerpaidbHuUM nokasHukamu (1=0,62; p<0,001), mie OB BUPaKEHUH — MiX IICUXOJOTIYHUM Ta
inrerpansauM (1=0,74; p<0,001), a TakoX 3HAYYIIMIl 3B’S30K COI[AJILHOTO KOMIIOHEHTY 3 IHTErpajJbHUM I1HIUKaTOpOM
(r=0,58; p<0,001), 10 CBiAYUTH MPO IHTETPOBAHICTh (HYHKIIOHATBHUX JOMEHIB.

BucHoBkn. Qi3uuHUI KOMIIOHEHT Cy0 €KTHBHOTO OJIAaTOMONYYds MOXKE PpO3TILANaTHCS SK (QYHKIIOHATHHHN MapKep
30epexeHHsT aJanTaliiHuX 1 CYyAMHHO-PETYITOPHUX MEXaHI3MIiB y 0Ci0 IMOXWIIOTO BIKY Ta ONOCEPEAKOBAaHO BimoOpaxxaTu

NO-3anexHy peryisiito CyIuH.

KurouoBi ciioBa: cy0’ekTuBHE Onaromoirydds; (i3WYHa aKTHBHICTH, CyJMHHA (DYHKIIS; €HIOTeTiambHa (YHKIIS; OKCHI

a30Ty; CYAWHHE CTapiHHS; JIIOIH MOXIIIOTO BIKY.

Introduction. Cardiovascular disease remains the leading
cause of morbidity, disability, and mortality among older
adults. Age-related structural and functional alterations of the
vascular wall, including reduced arterial elasticity, increased
vascular stiffness, and endothelial dysfunction, contribute to
diminished exercise tolerance, limitations in daily activities,
and a decline in quality of life. Amidst global population
aging, the preservation of vascular and physical function has
become a matter of substantial medical and social
importance. Alongside pharmacological treatment, physical
activity is widely recognized as a key factor in the prevention
of cardiovascular disease and in slowing the progression of
age-related cardiovascular changes. According to current
recommendations issued by the World Health Organization
(WHO) and the European Society of Cardiology (ESC),
regular physical exercise is associated with improved
hemodynamic parameters, reduced arterial stiffness,
enhanced exercise tolerance, and overall optimization of
functional status. Yet, the magnitude of the protective effects
of physical exercise on vascular function in older adults,
alongside its influence on functional and psychosocial
indicators, remains a subject of ongoing scientific debate. A
comprehensive approach to evaluating the effects of physical
activity is therefore particularly important. This kind of
approach must analyze not only physical condition, but also
psychological and social dimensions closely linked to
subjective well-being. This perspective is consistent with the
International Classification of Functioning, Disability and
Health (IFC), which emphasizes activity and participation in
everyday life. Within this framework, assessment of the
protective effects of physical activity in older adults allows
vascular function to be considered as one component of
overall functional capacity. Although research on physical
activity has expanded considerably, data focusing
specifically on older adults remain limited, particularly with
respect to integrated assessments that simultaneously address
physical, psychological, and social domains. Hence, there is
a clear need for studies that demonstrate the protective
effects of physical activity on vascular function within the
broader context of overall functional status in older adults [8,
16].

Blood vessels play a central role in the transport of blood
and circulating factors such as oxygen, nutrients, and
metabolic products. Their functional integrity depends on the
coordinated interaction of endothelial cells (ECs), vascular
smooth muscle cells (VSMCs), and components of the
extracellular matrix (ECM) [7]. The endothelium performs
both barrier and regulatory functions by controlling vascular
permeability and thromboresistance, modulating
inflammatory responses, and regulating vascular tone.
Vascular smooth muscle cells provide the mechanical
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properties of the vessel wall and enable adaptation to
hemodynamic load. In response to injury or chronic stimuli,
VSMCs may shift toward a synthetic phenotype, leading to
vascular remodeling and increased arterial stiffness [3].

Age-related changes in the vascular wall are associated
with the accumulation of molecular and cellular damage, as
well as with cellular aging processes, including
mitochondrial ~ dysfunction, DNA damage, telomere
shortening, and activation of cell cycle regulators (p.53/ p.21/
p.16). These mechanisms exacerbate a pro-oxidant and pro-
inflammatory tissue environment. Within the vascular bed,
this manifests as endothelial dysfunction, reduced
bioavailability of nitric oxide (NO), increased oxidative
stress, low-grade inflammation, phenotypic switching of
vascular smooth muscle cells, collagen accumulation, and
elastin degradation. Collectively, these processes contribute
to arterial stiffness, hypertension, atherosclerosis, and heart
failure, which dominate the morbidity and mortality profile
of older adults [1, 5, 16].

Physical exercise is regarded as one of the most
important factors supporting vascular homeostasis during
aging. Through hemodynamic stimuli, particularly shear
stress, physical activity activates endothelial nitric oxide
synthase (eNOS) and NO production, attenuates oxidative
and inflammatory signaling, modulates cytokine production
(including IL-6 and subsequent anti-inflammatory cascades),
promotes the mobilization of endothelial progenitor cells,
and improves vascular reactivity. Clinical studies have
demonstrated that regular aerobic exercise is associated with
the preservation of endothelial function in older adults [6, 11,
15, 16]. At the same time, the selection of an optimal
exercise regimen for this population requires an
individualized approach, as excessive intensity may be
associated with increased risk and reduced tolerance.

Given that age-related vascular dysfunction affects not
only hemodynamics but also functional capacity, activity,
and participation, the use of integrated indicators that reflect
physical status in combination with psychological and social
components appears justified. In this context, the BBC
methodology represents a practically meaningful tool for
assessing functional profile and subjective well-being across
different age groups, allowing the potential «protective
effects» of physical activity to be interpreted beyond the
scope of clinical and laboratory markers alone.

The aim of the study is to assess age-related
characteristics of the physical, psychological, and social
components of subjective well-being using the BBC
methodology, and to analyze their relationship with the
integral indicator of subjective well-being as a functional
marker reflecting the role of physical activity in maintaining
vascular function in older adults.
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Materials and methods. The study employed a single-
point (cross-sectional) observational design aimed at
examining  age-related  characteristics of  physical,
psychological, and social components of functioning, as well
as their relationship with the integral indicator of subjective
well-being as a functional marker relevant to the concept of
preserving vascular function. The survey was conducted
among 136 relatively healthy academic and teaching staff
members from higher education institutions aged 20 years
and older. Participants were stratified into five age groups:
20-30 years, 31-40 years, 41-50 years, 51-60 years, and 61
years and older, which enabled comparative analysis of the
studied indicators across age categories.

The study included individuals without clinically
significant cardiovascular disease in acute or decompensated
stages, without acute somatic conditions at the time of
examination, and who provided voluntary informed consent.
Exclusion criteria comprised diagnosed cardiovascular
disease, severe concomitant pathology (oncological,
endocrine, or neurological), as well as refusal to participate.
In accordance with its observational design, the study did not
involve pharmacological interventions, placebo
administration, randomization, or masking.

Functional status and subjective well-being were assessed
using the BBC methodology, which allows comprehensive
evaluation of physical, psychological, and social components
of functioning, as well as calculation of an integral indicator
of subjective well-being. The physical component reflected
subjective assessment of physical well-being and functional
capacity; the psychological component characterized psycho-
emotional status and adaptive abilities; and the social
component reflected the level of social activity and
interpersonal interaction. Assessment was performed using a
standardized scoring scale, followed by calculation of mean
values for each component and for the integral indicator.

Statistical analysis of the obtained data was performed
using contemporary mathematical statistics software.
Quantitative variables are presented as arithmetic mean and
standard deviation (M+STD). Data distribution was assessed
using the Shapiro-Wilk test. Intergroup differences by age
were evaluated using one-way analysis of variance
(ANOVA) for parametric data and the Kruskal-Wallis test
for nonparametric data. Relationships between the
components assessed by the BBC methodology were
analyzed using Spearman correlation coefficients. The
critical level of statistical significance was set at p = 0.05,
and the actual values of the relevant statistical tests and
achieved significance levels are reported.

The study was conducted in accordance with the ethical
principles of the Declaration of Helsinki of the World

Medical Association, the Convention on Human Rights and
Biomedicine, and current Ukrainian health care legislation.
All participants were informed about the aims and
procedures of the study and provided written voluntary
informed consent prior to participation.

The research followed the basic principles of bioethics, in
particular, the principles of integrity, confidentiality, fairness,
and consent of research participants. The research was
conducted considering ethical standards that guarantee the
protection of the rights and well-being of research
participants. All actions and procedures related to the
research were in accordance with the principles of bioethics
and the legislation of Ukraine, which regulates the conduct of
scientific research. The study was carried out in compliance
with the basic provisions of the «Rules of ethical principles
of scientific medical research with human participation,
approved by the Declaration of Helsinki (1964-2013), ICH
GCP (1996), EEC Directive Ne609 (dated 24.11.1986),
Orders of the Ministry of Health of Ukraine Ne690 (dated
23.09.2009), No. 944 (dated 14.12.2009), Ne616 (dated
03.08.2012). All the participants were informed about the
goals, organization, methods of examination and signed an
informed consent to participate in the completely anonymous
study.

Research results. The study analyzed the physical,
psychological, and social components, as well as the integral
indicator of subjective well-being, using the BBC
methodology in a sample of 136 relatively healthy academic
and teaching staff members from different age groups. The
summarized results are presented in Tables 1-5. Mean values
of the physical component were comparable across all age
groups, whereas the psychological and social components
demonstrated relative stability irrespective of age [9, 10, 12,
14]. The integral indicator of subjective well-being showed a
tendency toward higher values in older age groups.

According to the results of one-way analysis of variance
and the Kruskal-Walli’s test, no statistically significant
intergroup differences were identified (p > 0.05). Correlation
analysis revealed strong positive associations among the
BBC components of subjective well-being, with the most
pronounced relationship observed between the psychological
component and the integral indicator of subjective well-
being.

The physical component of BBC, reflecting the level of
physical functioning and exercise tolerance, demonstrates
age-related variability without a pronounced decline in older
age groups. This pattern may be interpreted as a functional
marker of preserved adaptive capacity of the cardiovascular
system in relatively healthy individuals (Table 2).

Table 1
Indicators of BBC components in different age groups (M£STD)
Age n Physical Psychological Social Integral

group
20-30 11 21.91+7.45 40.00+8.41 17.64+4.23 79.55+14.74
31-40 40 22.25+£5.41 41.98+8.44 19.48+4.25 83.70+13.24
41-50 45 22.04+5.03 41.96+7.91 19.91+4.13 83.91+12.57
51-60 28 21.82+5.77 40.46+7.41 18.64+4.12 80.93+13.89

>61 10 23.60+5.68 42.20+10.06 19.40+4.62 85.20+16.41

Note. M — arithmetic mean; STD — standard deviation.
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Table 2
Descriptive statistics of BBC indicators in the total sample
Indicator M STD Min Max
Physical component 22.16 5.49 10 36
Psychological component 41.52 8.12 22 58
Social component 19.20 4.24 10 28
Integral indicator 83.11 13.41 52 112
Note. M — sample mean; STD — standard deviation; Min — minimum value; Max — maximum value.
Table 3
Results of one-way analysis of variance (ANOVA)
Indicator F p
Physical component 1.12 0.35
Psychological component 0.94 0.44
Social component 1.03 0.39
Integral indicator 1.27 0.28

Note. F — Fisher's criterion value of one-way analysis of variance (ANOVA); p — achieved level of statistical significance.

The critical level of significance was taken as p = 0.05.

Table 4
Results of the Kruskal-Wallis’ test
Indicator H p
Physical component 3.21 0.52
Psychological component 2.87 0.58
Social component 3.05 0.55
Integral indicator 3.44 0.49

Note. H — value of the Kruskal-Walli’s criterion; p — achieved level of statistical significance. The critical level of

significance was taken as p = 0.05.

Parametric and nonparametric analyses consistently demonstrated the absence of statistically significant age-related
differences, underscoring the stability of functional status within the studied cohort.

Table 5
Correlations between BBC components
Pair of indicators r p
Physical — Integral 0.62 <0.001
Psychological — Integral 0.74 <0.001
Social — Integral 0.58 <0.001

Note. r — Spearman's correlation coefficient; p — achieved level of statistical significance. The critical level of significance

was taken as p = 0.05.

Descriptive statistics indicated the absence of extreme
values and sufficient sample homogeneity, supporting the
use of the obtained indicators as reliable functional markers
of general condition associated with vascular homeostasis
(Table 3).

According to the results of ANOVA, no statistically
significant inter-age differences were found (p > 0.05),
which indicates the relative stability of the functional
components of subjective well-being in different age groups.

Significant correlations between the physical component
and the integral indicator of subjective well-being confirm
the importance of physical functioning as a key functional
factor relevant to the maintenance of vascular function
during aging.

Discussion. Our data show that in a cohort of relatively
healthy older adults, preservation of the integral level of
subjective well-being occurs alongside age-related variability
in the physical component, suggesting its potential as a
functionally meaningful indicator of the body's adaptive
capacity [2, 4, 13]. The age-related variability of the physical
BBC component of subjective well-being observed in Table
1 likely reflects relatively preserved cardiovascular reserves,
particularly the ability to maintain adequate vascular
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reactivity and hemodynamic adaptation in the absence of
clinically manifest cardiovascular disease.

Physical activity is well established as one of the key
modifiable factors supporting endothelial function through
activation of endothelial nitric oxide synthase (eNOS) and
increased bioavailability of nitric oxide (NO). Nitric oxide
plays a central role in the regulation of vascular tone and in
the inhibition of inflammatory processes, platelet
aggregation, and smooth cell proliferation. Thus, the physical
component of the BBC methodology, which reflects the level
of physical functioning and tolerance to exercise load, may
be considered an indirect functional marker of NO-dependent
vascular regulation during the aging process.

The absence of statistically significant inter-age
differences observed in both one-way analysis of variance
and the Kruskal-Wallis’ test (Tables 3 and 4) should not be
interpreted as evidence of the absence of age-related changes
per se. Instead, it points to the relative stability of functional
status within a cohort of comparatively healthy individuals.
This aligns with existing literature demonstrating that regular
physical activity can substantially attenuate age-related
declines in endothelial function and NO bioavailability, even
in advanced age.
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Particular attention should be given to the results of the
correlation analysis (Table 5), which revealed a strong
positive association between the physical BBC component of
subjective well-being and the integral indicator of subjective
well-being. Such a link reinforces the idea that physical
functioning, psycho-emotional regulation, and social activity
are systemically integrated, interrelated domains that
indirectly reflect the state of vascular homeostasis. With
respect to vascular aging, these interconnections may be
underpinned by shared mechanisms, including NO-
dependent vasodilation, reduction of oxidative stress, and
suppression of chronic low-grade inflammation.

The psychological and social BBC components, which
also demonstrated significant correlations with the integral
indicator, may influence vascular function through
neurohumoral regulatory pathways, particularly via the
sympathetic-adrenal system and the hypothalamic-pituitary-
adrenal axis. Chronic psycho-emotional stress is associated
with reduced NO bioavailability, increased vascular stiffness,
and endothelial dysfunction, whereas positive subjective
well-being is regarded as a protective factor against the
development of cardiovascular disorders.

Taken together, the results support the feasibility of using
the integral indicator of subjective well-being and its
individual components as functional markers relevant to the
assessment of vascular health in older adults. The findings
are consistent with current concepts regarding the role of
physical activity in preserving endothelial function,
maintaining NO-dependent vascular regulation, and slowing
vascular aging, even in the absence of direct clinical or
instrumental indicators of cardiovascular function.

The present study has several limitations. Its cross-
sectional design does not allow for the establishment of
causal relationships between levels of physical activity,
components of subjective well-being, and vascular function.
The study sample consisted of relatively healthy teachers,
which may restrict the generalizability of the findings to a
broader population of older adults, particularly those with
established cardiovascular pathology. Furthermore, direct
instrumental or biochemical markers of endothelial function,
such as indices of vascular stiffness, endothelium-dependent
vasodilation, or NO bioavailability, were not assessed,
highlighting the need for future prospective studies
incorporating comprehensive cardiovascular evaluation.

Conclusions

1. In a cohort of relatively healthy older adults, the
physical component of subjective well-being demonstrates
age-related variability without a pronounced decling,
indicating the preservation of functional reserves and
adaptive capacity of the cardiovascular system.

2. The absence of statistically significant inter-age
differences in both parametric and nonparametric analyses
confirms the overall stability of the integral functional state
in the studied cohort, which may be attributable to the
protective effects of physical activity.

3. Notably, the strong correlations identified between
the physical component and the integral indicator of
subjective well-being highlight the central role of physical
functioning as a functional marker relevant to preserving
vascular function during aging.

4. Collectively, these findings argue for the use of
subjective well-being indicators as accessible functional
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markers associated with endothelial function and NO-
dependent vascular regulation in older adults.
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