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Annotation

An analysis of the current state of the problem of studying biomarkers of human
cardiovascular ageing was carried out based on an analysis of international experience.
Ageing is an inevitable, constantly progressive systemic process, which is a significant
risk factor for the development of most common chronic human diseases, including
cardiovascular diseases. Therefore, studying markers of early cardiovascular ageing
is a logical goal for developing measures to prevent the development of cardiovascular
disease and toimprove the quality of life and prolong active longevity. the intensive care
unit. The application of a multidisciplinary approach to diagnose and treat a life-threat-
ening complication as tracheal rupture in a short time allowed us to stabilize the pa-
tient’s condition and avoid the development of further complications.
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Tyinpeme

Xanbikapanblk Taxipubere cyineHe oTbIpbIN, afaMHbIH XXYpPeK-KaHTaMblpaapbl Kap-
TaloblHbIH b1oMapKkepnepiH 3epTTey AiH Kasipri >kaFrAanbiMeH MacenenepiHe Tangay >xa-
cangbl. Kaptato-bynagaMHblH co3binManbl aypynapblHblH, COHbIH iLiHAE XYPeK-KaHTa-
Mblpnapbl aypynapbliHblH AaMyblHAAMaHbI3AbIKa yindgakTop 6onbin TabblnaTeiH, epikcis,
YHeMI yaeMeni XypeTiH xyrneni npouecc. XXypek-KaHTaMblpiapblHbIH epTe KapTatobliHbIH
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AHHOTaLMA

Ha ocHoBe MexxayHapoLHOro onbiTa, bbin NPoBEAEH aHaNN3 COBPEMEHHOMO COCTO-
SAHWS 1 npobrieM U3yyeHUss BoMapKepoB CEPAEYHO-COCYLMUCTOr0 CTapeHns YenoBeka.
CtapeHne — HensbeXxHbI, MOCTOSSHHO MPOrpPeCcCUpYOLLMIA CUCTEMHBIN NpoLecc, SBAs-
OLLMIACS 3HAYMMbIM GaKTOPOM pUcka pa3BUTUS BONbLUIMHCTBA pPacnpoOCTPAHEHHbIX XPO-
HMYeckux 3abosieBaHWi YenoBeka, B TOM YuChe CepAeYHO-COCYAUCThIX 3aboneBaHu.
M3yyeHne MapkepoB paHHero cepAeyvHO-COCYAUCTOro CTapeHus fBNSEeTCS OOHUM W3
3HaYMMBbIX Lenel onsg pa3paboTkm Mep NpoduUNakTMKN pasBUTUSA CEPAEUYHO-COCYANCTbIX
3aboneBaHUi, ynyyleHUs KayecTBa >KU3HW U NPOAJIEHUS aKTUBHOMO LOJITOSIeTUS.

Introduction

According to World Health Organi-
zation (WHO) data from October 1, 2022,
the number of people aged 60 years and
older surpassed the number of children
under 5 years of age in 2020. This trend
highlights the urgent need to identify and
determine the most significant biomark-
ers of ageing, which will hold immense
value in assessing the health status of
older and senescent individuals.Over
the past few centuries, the global pop-
ulation has experienced a progressive
shift towards ageing. In 2017, the num-
ber of individuals aged 60 years and old-
er reached 962 million worldwide, more
than doublingthe number from 1980. By
2050, the elderly population is projected
to double again, reaching approximately
2 billion."

Old age is recognized as the most
significant risk factor for chronic age-re-
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lated diseases. According to Zhendong D.
Zhang et al., over 90% of individuals over
65 years of age have at least one chronic
disease, such as cardiovascular disease,
cancer, dementia, diabetes, osteoarthri-
tis, or osteoporosis, and more than 70%
have at least two of these conditions.
These data highlight the substantial so-
cioeconomic burden that will be placed on
healthcare systems. Therefore, studying
the ageing process, maintaining health in
older individuals, and developing meth-
ods for preventing and treating age-re-
lated diseases is crucial for extending the
period of healthy ageing.'

Ageing is a systemic process that
affects various levels of biological orga-
nization. It is characterized by gradually
inhibiting fundamental bodily functions,
including regenerative and reproductive
capabilities, leading to decreased adapt-
ability to environmental conditions.? This
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decline in adaptability makes individ-
uals less resilient to stress, diseases,
and injuries, which ultimately makes
death inevitable. Ageing is an inherently
emerging, naturally developing, and de-
structive process that limits the body’s
adaptive capabilities, increases the like-
lihood of death, reduces life expectancy,
and contributes to the development of
age-related pathologies.

Currently, there are over 130 the-
ories of ageing, among which the most
studied are autointoxication, telomeric,
free radical, genetic, and epigenetic the-
ories.? Particular attention is focused on
ageing and longevity's genetic and epi-
genetic mechanisms.*

In recent years, there has been a
growing surge in scientific meetings, ar-
ticles, and books dedicated to anti-age-
ing methods, reflecting the widespread
interest in this topic among the general
public. Consequently, the search for bio-
markers of ageing continues unabated,
as such biomarkers would offer several
advantages:

1. Predicting Ageing Rate: Biomark-
ers would provide a precise indication of
an individual's position within their lifes-
pan, allowing for accurate predictions
regarding their ageing trajectory.

2. Monitoring Ageing Processes: Bio-
markers would enable monitoringof the
underlying mechanisms driving the age-
ing process rather than simply assessing
the effects of age-related diseases.

Ageing and risk of cardiovascular
diseases

Ageing is a significant risk factor for
most chronic diseases and functional
impairments, and age-related diseases
are the leading cause of death. Approx-
imately 60% of all deaths are attributed
to cardiovascular diseases, followed by
oncological diseases, which account for
14% of all deaths.?

Over the last four decades, medicine
has shifted from treating diseases as
“patient care” to further identifying and
preventing risk factors before they man-
ifest as diseases, a concept referred to
as “health care”. For instance, high cho-
lesterol and high blood pressure are not
diseases themselves but increase the
risk of heart attacks and strokes. Sim-
ilarly, ageing is not a disease but a sig-
nificant risk factor for various diseases,

including heart attacks, strokes, certain
cancers, macular degeneration, osteo-
arthritis, neurodegeneration, and many
more. The risk of cardiovascular disease
doubles every 10 years after age 40, even
after adjusting for other risk factors -
similar to adding a new significant risk
factor (smoking, hypertension, etc.) ev-
ery decade.* Decades of cardiovascular
research have shown that treating risk
factors, even in patients without symp-
toms, prevents harm. ldentifying bio-
markers of ageing and associated health
consequences will allow early detection
of individuals at high age-related risk
throughout their lifespan and in different
clinical settings.®

Even within the same age group, in-
dividuals exhibit varying disease risks
and functional decline, highlighting the
need for reliable biomarkers to track
ageing processes and stages. The di-
versity of biological factors, lifestyles,
and treatments further challenges bio-
marker identification. Therefore, no sin-
gle biomarker can definitively assess
healthy ageing.®

Cardiovascular diseases are the
leading cause of death and disability
worldwide (as per the WHO), including
Kazakhstan. The ability to reach the cur-
rent maximum lifespan (2110 years) in
low-mortality countries is attributed to
protection from cardiovascular disease,
as this system is particularly suscepti-
ble to oxidative stress and inflammation
and plays a crucial role in maintaining
oxygen and metabolite delivery to vital
organs.” These findings emphasize the
need for specific cardiac markers that
predict premature ageing and prevent
adverse outcomes during ageing.

Centenarians (390 years) extend the
human lifespan by evading or surviv-
ing major illnesses. Identifying specific
biomarkers associated with exceptional
longevity may provide insights into com-
bating ageing-related diseases.?

According study published in “Na-
ture Communications” by Japanese re-
searchers Hirata A. et al., 2020, examined
the association of cardiovascular bio-
markers and plasma albumin with ex-
ceptional survival to the highest ages.’
They selected nine circulating biomark-
ers representing distinct cardioprotec-
tive and pathogenic pathways:
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1. N-terminal pro-B-type natriuretic
peptide (NT-proBNP)

2. Erythropoietin

3. Adiponectin

4. Extracellular superoxide
mutase (EC-SOD or SOD3)

5. Interleukin-6

dis-

6. Tumor necrosis factor-alpha
(TNF-alpha)

7. Angiopoietin-like protein 2 (Angpt(2)

8. Cystatin C

9. Cholinesterase

We comprehensively analyzed rele-
vant scientific literature to understand
better and assess healthy and patho-
logical ageing indicators to identify risk
markers for early involutional changes
in the cardiovascular system and the
development of age-associated cardio-
vascular diseases. We focused our lit-
erature search on peer-reviewed arti-
cles published in PubMed, Scopus, and
Google Scholar, excluding non-peer-re-
viewed publications. We prioritized me-
ta-analyses, systematic reviews, cohort
studies, and cross-sectional studies, as
these provide the most robust evidence.
Our review summarizes current data on
potential ageing biomarkers that are
early predictors of cardiovascular age-
ing.”"® These include:

1. Biochemical markers: NT-proBNP

2. Oxidative stress

3. Cystatin C

4. Cholinesterase

5. Inflammatory and Immunological
markers

B-type natriuretic peptide

A biologically active analogue of
NT-proBNP, causes natriuresis and di-
uresis, dilation of arteries and antag-
onism of the renin-angiotensin-aldo-
sterone system, thereby counteracting
hemodynamic disturbances in heart
failure. The underlying mechanisms re-
sponsible for the association between
low circulating NT-proBNP levels and
exceptional survival are currently un-
clear, but a potential explanation can be
considered. In the present review, cen-
tenarians and (semi-Jsupercentenarians
showed a low prevalence of clinical and
subclinical cardiovascular disease de-
tected by ECG and low cardiometabolic
risk profiles, except for a relatively high
prevalence of chronic kidney disease.
However, median NT-proBNP levels in-
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creased consistently with age regardless
of cardiovascular status, reaching 1530
pg/mL in individuals aged >110 years.
In addition, 42.9% of centenarians had
NT-proBNP levels >1800 pg/ml, which is
the threshold value for diagnosing heart
failure in people over 75 years of age.'""?

The study found that NT-proBNP,
interleukin-6, cystatin C, and cholines-
terase were significantly associated with
increased survival to super centenary
age, while adiponectin and erythropoie-
tin were not significantly associated.”?810

Furthermore, combined data from
three prospective cohort studies: the
Tokyo Centenarian Study (TCS), the Jap-
anese Semi-supercentenarian Study
(JSS]), and the Tokyo Oldest Study of Gen-
eral Health (TOOTH). Theanalytic cohort
included a cohort of 1427 older adults
of 36 centenarians (3110 years), 572
semi-centenarians (105-109 years), 288
centenarians (100-104 years) and 531
very old people (85-99 years).” The con-
cordance index (C-index) was calculated
using Cox proportional hazards models
to assess each biomarker’s prognostic
performance.

The finding suggested that adding
each predictive biomarker (NT-proB-
NP, interleukin-6, cystatin C, and cho-
linesterase) to the baseline model sig-
nificantly improved risk prediction with
minimal optimism in the entire cohort.
When stratified by age, the predictive
power of the models decreased signifi-
cantly, suggesting that age itself is the
primary predictor.”

Thus, the base model weakly predict-
ed mortality over age 105 (C-index 0.617
95% CI[0.577; 0.656], optimism-adjusted
C-index = 0.588). However, NT-proBNP
increase, and to a lesser extent, cholin-
esterase, significantly improved progno-
sis at older ages, NT-proBNP: C-index,
0.653 95% CI [0.615; 0.691], P = 0.001,
C-index adjusted for optimism = 0.625;
cholinesterase: C-index = 0.636 95% Cl
[0.596; 0.676], P = 0.019, Optimism-ad-
justed C-index = 0.609, respectively.™

Oxidative Stress

Oxidative stress is when the body
produces excess free radicals, which
can damage cells.” This process in-
volves the pathogenesis of various dis-
eases, including chronic heart failure
(CHF).">' Studies have shown that peo-
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ple with CHF have lower levels of an en-
zyme that helps protect cells from free
radicals.”

CHF is a significant health problem
due to its high prevalence and mortality
rates among working-age adults. Free
radicals, produced in large quantities
during oxidative stress in CHF patients,
primarily damage the vascular endo-
thelium and cardiomyocytes. They can
also promote the activation of cytokines,
which contributes to disease progres-
sion and often determines the prognosis
in CHF patients.’™

According study by Russian scien-
tists Polunina et al, 2018, investigated
280 CHF patients and 60 healthy con-
trols."”” The patients were divided into
groups depending on their left ventricu-
lar ejection fraction and the stage of their
disease. The researchers found that the
activity of superoxide dismutase (SOD),
an antioxidant enzyme, was significant-
ly lower in CHF patients compared to
healthy individuals.'” This suggests that
oxidative stress plays a significant role in
CHF pathogenesis.

Cystatin C

Accurate and early detection of ne-
phropathy is crucial for timely interven-
tion with nephroprotective and cardio-
protective therapies, thereby reducing
the risk of cardiovascular diseases and
mortality.® Cystatin C, a novel biomark-
er, holds promise as a more sensitive
indicator of reduced glomerular filtra-
tion rate (GFR) compared to traditional
methods like serum creatinine.

Cholinesterase

As the prevalence of heart failure
(HF) among older adults rises, it is in-
creasingly important to consider not
only the pathophysiology of HF but also
the overall decline in health associated
with ageing.’®" Nutritional status plays
a crucial role in the prognosis of HF
mortality, necessitating proper assess-
ment and intervention.®'® In this regard,
serum cholinesterase (ChE] levels have
emerged as a potential new biomarker
for nutritional status.ChE is a protein
produced in the liver and is associated
with prognosis in patients with HF.

Serum ChE levels as a potential
biomarker for myocardial ischemia in
stable coronary artery disease (CAD). A
study involving 559 consecutive patients

with suspected stable CAD and no prior
cardiovascular history, investigated the
relationship between myocardial isch-
emia and serum cholinesterase (ChE)
levels.??' The findings revealed that:

1. Myocardial ischemia incidence
significantly increased as serum ChE
levels increased (p < 0.001).

2. Higher ChE levels were associ-
ated with higher body mass index (BMI)
(p < 0.001), dyslipidaemia (p < 0.001),
including elevated low-density lipopro-
tein cholesterol (LDL-C) (p <0.001), tri-
glycerides (TG) (p < 0.001), and serum
albumin (p < 0.001), as well as younger
age (p < 0.001).

3. Ata ChE level of 286 IU/L, the spec-
ificity and sensitivity for myocardial isch-
emia were 0.599 and 0.658, respectively.

4. Elevated serum ChE levels (OR
= 1.66, p < 0.001) were an independent
risk factor for myocardial ischemia in
patients with suspected stable CAD.

These findings suggest that serum
ChE levels may be a valuable diagnos-
tic biomarker for myocardial ischemia in
patients with suspected stable CAD.202!

Other Inflammatory and immuno-
logical biomarkers

In a prospective cohort study known
as the Study of Ageing and Longevity in
the Sirente Geographical Area, research-
ers investigated whether interleukin-6
(IL-6), C-reactive protein (CRP), and tu-
mor necrosis factor-alpha (TNF-a) pro-
tein levels could predict all-cause mor-
tality in older adults.?” The study included
362 participants aged 80 years or older
living in @ mountain community in Italy.
Participants were categorized based on
the mean of three inflammatory mark-
ers: IL-6 (2.08 pg/mL]), TNF-a (1.43 pg/
mL), and CRP (3.08 mg/L). Additionally,
a summary inflammation score was cal-
culated. The primary outcome was the
risk of death after four years of follow-up.
During the four-year follow-up period,
150 deaths occurred.?

Unadjusted analyses revealed that el-
evated levels of each of the three markers
were associated with increased mortality.
After adjusting for potential risk factors,
high levels of IL-6é hazard ratio (HR) = 2.18,
95% CI [1.29; 3.69] and CRP, HR = 2.58,
95% Cl [1.52; 4.40] remained significant-
ly associated with a higher risk of death.
However, the association between TNF-a
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protein levels and mortality was no lon-
ger significant, HR = 1.26, 95% CI [0.74;
2.15]. Thus, a composite summary score
of inflammation demonstrated a strong
association with mortality, with the high-
est risk estimated for those with all three
inflammatory markers above the median.
This study suggests that lower levels of
inflammatory markers are linked to im-
proved survival in older adults, indepen-
dent of age and other clinical and func-
tional variables.??%

Older adults exhibit a higher level of
lymphoproliferation, characterized by
increased CD10+, CD25+ T-lymphocytes,
and CD16+ natural killer (NK) cells com-
pared to middle-aged individuals.?* In
the peripheral blood of elderly individu-
als, up to 95% of NK cells express high
levels of CD16 but low levels of CD56.
These NK cells exhibit high cytolytic ac-
tivity but impaired secretion of TNF-q,
[FN-y, IL-5, IL-8, and colony-stimulat-
ing factors. Consequently, the reduced
NK cell concentration in the peripheral
blood of elderly individuals may diminish
their ability to combat intracellular in-
fections effectively.®

Recent studies have highlighted the
role of immune inflammation in athero-
sclerosis development. Cytokines, critical
mediators of immune inflammation, can
be produced by altered endothelial cells
and modulate vascular wall functions.
TNF-a activates leukocytes involved in
inflammatory reactions and induces the
expression of adhesion molecules on en-
dothelial cells, facilitating the adhesion
of neutrophils, monocytes, and lympho-
cytes, leading to inflammatory infiltration
of the vascular wall. IL-6, acting down-
stream of TNF-a, contributes to endo-
thelial dysfunction and may trigger acute
coronary events. Elevated IL-6 levels in
arterial walls correlate with markers of
endothelial dysfunction and signs of insu-
lin resistance, which are associated with
an increased risk of vascular damage and
atherosclerosis progression.?

C-reactive protein (CRP) is another
marker of cardiovascular risk. Inflam-
mation, as reflected by increased CRP
levels, contributes to the development
of vascular atherosclerosis. Addition-
ally, under experimental conditions,
CRP has been shown to upregulate the
expression of type Il AG receptors on

BULLETIN OF SURGERY IN KAZAKHSTAN N21-2024

vascular smooth muscle cells.”"6-20.2425,
[8,17,22,25-27].

A study by Niki Murtziet al., discov-
ered that a genetic predisposition to
downregulating IL-6 signaling, weight-
ed by CRP levels, was associated with a
lower risk of frailty.?” IL-6, a pro-inflam-
matory cytokine implicated in various
age-related ailments, including frailty,
plays a significant role in this finding.
Frailty is a syndrome characterized
by physical weakness, fatigue, slow-
ness, and unintentional weight loss,
increasing the risk of hospitalization,
institutionalization, and death. This
finding supports a potential causal link
between IL-6 signalingand frailty, sug-
gesting that reducing IL-6 levels may
lower frailty risk.?

Conclusion

A review of the available literature
suggests that survival to the current
highest age in low-mortality countries
is supported by protection from car-
diovascular disease, given the inherent
susceptibility of this system to oxidative
stress and inflammation and its central
role in maintaining oxygen and metab-
olite delivery to major organ systems.
These findings underscore the need to
identify specific cardiac markers that
can effectively predict premature ageing
and prevent adverse outcomes during
ageing.”

Median NT-proBNP levels increase
consistently with age, regardless of car-
diovascular status. Serum ChE levels
may be a valuable diagnostic biomarker
in patients with suspected stable CAD.

In the context of inflammatory mark-
ers, centenarians exhibited fewer signs
of inflammation. Inflammatory peptides
were either absent or present in low-
er abundance than in younger cohorts,
while levels of anti-inflammatory cyto-
kines such as IL-10 and transforming
growth factor B were elevated in cente-
narians.

Currently, the primary objectives in
the review of ageing predictors are as
follows:

1. To determine the characteris-
tics of healthy and pathological (early)
ageing, identifying risk factors (clinical,
immunological, lifestyle-related, and
functional state of the cardiovascular
system, among others).
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2. To assess the state of T-cell im-
munity in different types of ageing
(healthy and previously pathologicall
and to investigate the population pro-
file of lymphocytes, expression of acti-
vation markers, and functional state of
immune cells (based on the expression
of cytokines, primarily IL-6 and TNF, as
the most significant markers of ageing)
in different subtypes of ageing.
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