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Myocardial Cell Aging in the Elderly
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Abstract

Myocardial cell aging is closely related to cardiovascular disease. Stimulated by various factors, such as free
fatty acid, glucose, hypoxia and radiation, cardiomyocyte aging involves a series of physiological and/or patho-
logical changes. Cardiomyocytes are highly energy-consuming cells. Aging causes direct damage to cardiomyo-
cytes, resulting in decreased myocardial contractility and reduced cardiac output, which affects the pumping
function of the heart and eventually leads to heart failure. This article introduces the factors that influence
myocardial cell aging in the elderly and the mechanisms responsible for these factors as well as provides sug-
gestions for improving cardiovascular health and precise medicine of cardiovascular diseases in the elderly.
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Introduction

Cardiovascular disease is a degenerative disease related to
aging and it is the main disease leading to death and dis-
ability in the elderly. With the accelerated growth of the
aging population, the incidence of cardiovascular diseases
in the elderly is increasing. The high mortality rate, high
hospitalization rate and high medical expenses of car-
diovascular diseases add a heavy burden on families and
society. Myocardial aging is closely associated with the
occurrence of cardiovascular disease and is an important
feature and independent risk factor of cardiovascular dis-
ease [1, 2]. With aging, changes in genetic material, cell
function, endocrine function, immunity, and metabolism
take place in the body. These changes interact with and
influence each other, leading to myocardial cell injury and
apoptosis, and play an important role in the aging of myo-
cardial cells. This article reviews the factors influencing
myocardial cell aging its mechanisms of senescence in the
elderly.

Characteristics of myocardial aging and myo-
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cardial cell metabolism

Myocardial aging is a kind of physiological and/or patho-
logical change that affects the pumping function of the
heart. Myocardial tissue is one of the most energy-con-
suming tissues in the body. Due to the great consumption
of energy and oxygen in myocardial cells, mitochondria
are abundant in them as mitochondria are the energy fac-
tories of cells. With aging, the ability of the body to heal
from various kinds of stress-induced injuries decreases,
causing dysfunction and a decreased number of mitochon-
dria, in turn leading to the aging of myocardial cells. This
aging causes a series of molecular changes in biology and
cell metabolism ,including changes of advanced glyca-
tion end products, PINK1/Parkin signaling pathway and
mTOR signaling pathway, which manifest as a significant
decrease in cell proliferation rate, increased apoptosis,
arrest of the cell cycle, increased expression of aging
markers (f-galactosidase, tumor suppressor genes p53,
pl6, etc). These changes result in the homeostatic imbal-
ance of cells, which causes the accumulation of damage to
myocardial cells. This in turn results in decreases both in
myocardial contractility and in cardiac output [3-5].

Factors influencing myocardial cell aging and
their mechanisms

Telomere dysfunction and DNA damage

Telomeres play an important role in the process of human
aging and diseases. Telomeres are located at the end of
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chromosomes and prevent cell aging and apoptosis [6]. In
the process of cell replication, telomeres gradually short-
en. This shortening limits cell division and proliferation,
and eventually leads to DNA damage. When the short-
ening reaches a critical length, chromosomes lose their
stability and mitochondrion dysfunction occurs. Cells no
longer divide and become aged, which damages the re-
pair function of tissues and organs, resulting in abnormal
structures and functions in cells and tissues [7].

Van der Hart et al. [8] found that the telomere length of
leukocytes in patients with congestive heart failure was
shorter than that of the control group without the disease.
Similarly, Brouilette et al. [9] found that the telomeres
of leukocytes in the children of patients with coronary
heart disease were shorter than those without coronary
heart disease, and Collerton et al. [10] also confirmed in a
clinical trial that the telomere lengths of peripheral blood
leukocytes in elderly patients with heart failure were sig-
nificantly shorter than those with normal heart function.
Another study showed that telomeres in cardiomyocytes
gradually shortened with aging; in adult animals, telo-
meres were shortened in 5-7% of cardiomyocytes, while
in the of elderly humans, telomere shortening occurred
in 16% of cells [11]. Once telomeres are shortened to a
certain length, cell cycle arrest is induced through the p53
gene pathway, which initiates cardiomyocyte apoptosis
and then causes cardiomyocyte senescence. Therefore,
telomere shortening is one of the biomarkers of aging.
Telomerase is the enzyme responsible for maintenance of
the length of telomeres and it is an important sign of cell
division. Increased and activated levels of telomerase can
interfere with the process of cardiomyocyte division. For
example, cardiomyocytes expressing telomerase have the
ability to re-enter the cell proliferation cycle and perform
multiplicative mitosis [12]. In mice, after the removal of
telomerase, telomeres in cardiomyocytes were significant-
ly shortened, and the expression of the p53 gene in the
myocardium was up-regulated, leading to abnormalities in
heart hemodynamics and heart anatomy [13].

Although some progress has been made in the research of
telomeres, telomerase, and DNA damage, other details of
the aging process and the molecular mechanisms related
to them are still unclear. For instance,the key role in the
process of telomere length maintenance with involvement
of telomerase is still poorly studied. Furthermore, the ex-
pression of telomerase and the maintenance of telomere
function are related to tumorigenesis. Therefore, caution is
necessary in the development of interventional treatments
involving telomeres, such as telomere shortening inhibi-
tion and the maintenance of telomerase activity [14]. Anti-
aging therapies related to telomeres and DNA damage still
need further study and discussion.

Oxidative stress and mitochondrial dysfunction

Oxygen free radicals are continuously produced in the
body, which relies on the free radical scavenging system
to maintain the normal levels of these elements. With ag-
ing, and especially under the conditions of ischemia and

hypoxia, the level of free radicals in the body increases,
and there is an excess of reactive oxygen species (ROS).
At the same time, the scavenging of oxygen radicals is
reduced, resulting in the accumulation of free radicals in
the human body. An excess of oxygen free radicals in the
blood causes serious damage to cells, affecting proper
cell formation and increasing the viscosity of cells. When
passing through capillaries, cells are easily blocked due to
the increase of their viscosity and form a micro embolism,
which causes physiological dysfunction and induces vari-
ous kinds of diseases associated with the elderly, includ-
ing aging [15].

According to some research, oxidative stress not only
directly damages cardiomyocytes but also leads to myo-
cardial aging by causing mitochondrial dysfunction [16,
17]. Mitochondria play an important role in energy me-
tabolism of cells by producing ATP. In cardiomyocytes,
more than 90% of ATP is provided by mitochondria for
the maintenance of myocardial homeostasis and contrac-
tion, making cardiomyocytes extremely sensitive to mito-
chondrial dysfunction [18, 19]. ROS trigger apoptosis and
senescence by opening the mitochondrial membrane per-
meability transition pore (mPTP) and by activating vari-
ous enzymes and transcription factors to stimulate an in-
flammatory response [20, 21]. The excess of ROS caused
by oxidative stress also leads to damage of mitochondrial
DNA (mtDNA) in cardiomyocytes, which directly causes
abnormalities in mtDNA encoded peptides and results in
protein dysfunction in the mitochondrial respiratory chain
complex [22]. If this complex is defective, more free radi-
cals are generated, accelerating mtDNA damage and caus-
ing cardiomyocyte aging and apoptosis [23].

Many studies have demonstrated mixed results regarding
ROS and mitochondria.In a study with mice, mice with
overexpression of mitochondrial catalase had significantly
longer life spans than those without [24], demonstrat-
ing that mitochondrial catalase can reduce mitochondrial
DNA damage caused by oxidative stress, and that it has a
protective effect in myocardium. This effect includes an
improvement of myocardial contractility and cardiac out-
put [25]. However, recent studies have shown that ROS
also have a positive effect on cardiomyocytes. A slight
increase in ROS in the mitochondria of cardiomyocytes
might activate the oxidative phosphorylation pathway
and produce long-term gene protection. Song et al. [26]
confirmed that ROS could induce autophagy of damaged
mitochondria, indicating that a small amount of ROS may
play a role in maintaining myocardial homeostasis.

In conclusion, oxidative stress and mitochondrial dysfunc-
tion are closely related to the aging of myocardial cells in
the elderly. Therefore, early intervention of mitochondrial
dysfunction and oxidative stress are important research
targets in the clinical treatment of myocardial aging.

Immunosenescence

Immunosenescence is the gradual degradation of the im-
mune system that occurs with the natural process of aging.
As age increases, the immune response gradually decreas-
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es, and innate immunity and adaptive immunity degrade,
causing disorders of the immune system and of cell func-
tion [27]. In the elderly, the process of immune system
aging includes thymus degeneration, memory/effector T
cell accumulation, depletion of initial T cells, decrease
of T cell receptor polymorphism, and chronic inflamma-
tion [28-31]. In addition, aging of the immune system can
also cause a decrease in the number of neutrophils and
lymphocytes, a reduction in the effect of phagocytosis in
polymorphonuclear cells, decreased production of super-
oxide, and a faster rate of apoptosis in peripheral blood
mononuclear cells which participate in the restoration of
hematopoietic and leukocyte cell lines [32]. The mecha-
nism of immune system aging is complex, including gene
recombination in cells and tissues, changes of cell differ-
entiation and development, changes in signal regulation of
cell proliferation, and apoptosis.

At present, there is no direct evidence to confirm the
relationship between myocardial cell aging and the deg-
radation of the immune system. But studies have shown
that during myocardial infarction, neutrophils reach the
obstruction site first, then other immunity cells such as
monocytes and macrophages successively gather at the
site of injury to participate in tissue repair [33]. In acute
myocardial infarction, the SDF1-CXCR4 inflammatory
axis between the injured myocardial tissue and the bone
marrow, which favors the release of stem and mononucle-
ar cells that participate in the replacement of cells of the
leukocyte line during the acute phase of infarction [34].
Therefore, tissue repair may be affected when myocardial
infarction occurs in older patients undergoing immunose-
nescence. Recent studies have found that an abnormal
release of Neutrophil extracellular traps (NETs) may be
related to aging. NETs are a kind of reticular structure
formed by cytoplasmic proteins and nucleic acids that
repair ruptures of the nuclear membrane. Reduced levels
of NETs are related to atherosclerosis and myocardial
infarction [35]. It is speculated that when myocardial
infarction occurs in the elderly, the aging of the immune
system affects the repair of vascular endothelial and leads
to endothelial cell death, which may indirectly promote
cardiomyocyte aging and death.

Autophagy is the fusion of cytoplasmic material and ly-
sosomes through the formation of autophagic vesicles to
induce the degradation of cytoplasmic proteins. Cellular
autophagy plays an important role in resisting the adverse
effects of heart aging by removing cytotoxic proteins and
damaged organelles and by promoting the activation of
the immune system [36, 37]. Many studies have shown
that the decline of the autophagy function related to aging
is associated with many cardiovascular diseases [38]. In a
study conducted with older mice, Taneike et al. [39] found
that the incidence of heart failure increased significantly
in mice with a knockout gene for the specific autophagy
effect on myocardium. They also showed that the left ven-
tricular ejection fraction decreased significantly. Oyabu et
al. [40] found that the decreased autophagy of cells could
aggravate the occurrence of cardiac hypertrophy, one of

the important morphological changes of myocardial ag-
ing. Therefore, the decline of autophagy may have a seri-
ous impact on the structure and function of myocardium
by inducing aging. There are three types of autophagy, in-
cluding microautophagy, chaperone-mediated autophagy
(CMA), and macroautophagy [37]: In microautophagy,
membrane invagination directly trapped and engulfed cy-
toplasmic cargo by lysosomes. CMA, on the other hand,
directly transferred them to lysosomes and degraded cy-
tosolic proteins with a KFERQ motif. In macroautophagy,
small vesicular sacs called isolation membranes or phago-
phoresare initially formed, then the phagophores enclosed
cytosolic long-lived proteins and organelles, resulting in
the formation of double-membraned structures called au-
tophagosomes, but the specific mechanism remains to be
studied and confirmed.

Chronic inflammation

Aging is closely associated with the occurrence and devel-
opment of chronic inflammation. With aging, the level of
pro-inflammatory factors significantly increases, inducing
cell senescence through oxidative stress, cell cycle arrest,
and apoptosis. This in turn causes damage to multiple tis-
sues, organs, and systems. C-reactive protein (CRP) is a
non-specific molecular marker that reflects the systemic
inflammatory response and is associated with many dis-
eases, including cardiovascular diseases [41-43]. Harris
et al. [44] conducted a 4.6-year follow-up observation on
1293 healthy elderly people and found a correlation be-
tween high CRP and mortality. Zhu et al. [45] found that
the increase of CRP levels was related to an increased risk
of accelerated aging and the prolongation of hospitaliza-
tion. Walston et al. [46] found that the increase of CRP
was related to frailty in the elderly after adjusting for basic
demographic characteristics and excluding cardiovascular
disease, diabetes, and other diseases.

Interleukin 6 (IL-6) is a pro-inflammatory cytokine also
closely related to aging. High levels of IL-6 are found in
elderly plasma, and its concentration is directly propor-
tional to age. IL-6 is not only the main signal pathway
regulating aging and cardiovascular disease but also a
reliable aging biomarker and predictor of chronic inflam-
mation [47]. Tumor necrosis factor (TNF-a) levels also
increase with age, and imbalanced levels of TNF also play
an important role in the process of cell aging [48]. Inter-
leukin-10 (IL-10) is a cytokine with anti-inflammatory
properties. Studies have shown that [49] once the func-
tion of IL-10 is altered, the balance of anti-inflammatory
and pro-inflammatory responses will be upset, leading
to increased levels of TNF-a and an inflammatory-aging
reaction of tissues and organs. Lio et al. [49] found that
when levels of IL-6 and TNF-a were increased, the levels
of growth hormone and insulin-like growth factor (IGF-1)
were down-regulated, which further confirmed the role of
an inflammatory imbalance in promoting aging. Senescent
cardiomyocytes secrete inflammatory cytokines, chemo-
kines, growth factors, and proteases, known as the senes-
cence-associated secretory (SASP). These changes affect
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the stability of the intracellular environment and cause
further damage to cardiomyocytes, which manifests as
left ventricular wall thickening, myocardial fibrosis, and
decreased diastolic function, ultimately leading to changes
in myocardial structure and function.

At present, more and more research has demonstrated that
chronic inflammation and the aging of the immune system
contribute to the process of aging, complementing and
influencing each other [50, 51]. They may share common
cytokine receptors and molecular pathways and may regu-
late cell-cell and cell-cytokine interactions [52], known
as the immunity-inflammatory-aging mechanism [47].
However, the relationship between chronic inflammation
and immunosenescence and the pathological mechanism
of this relationship are still unclear. As many morbid
processes and diseases, including sarcopenia, dementia,
osteoporosis and cancer, are characterized by chronic in-
flammation, which have shown a strong association with
aging, it is significant for scientific and clinical researches
to focus on this topic.

Decreased estrogen

Estrogens are steroid hormones, which are synthesized
from cholesterol through a series of chemical reactions
and have an important role in protecting the cardiovascu-
lar system and regulating metabolism. In the cardiovascu-
lar system, estrogen can protect the cardiovascular system
through signaling pathways mediated by classical nuclear
ER subtypes and membrane G protein-coupled estrogen
receptors (GPER) [53, 54]. Studies have shown that [55]
estrogen can inhibit ventricular remodeling and left ven-
tricular dilation by regulating the expression of extracel-
lular matrix proteins.

The risk of cardiovascular diseases in elderly women is
higher than that of elderly men, and the decrease in estro-
gen levels plays an important role. In elderly women, the
decline of ovarian function leads to the reduced secretion
of estrogen, accelerating the aging process and increasing
the incidence of cardiovascular disease [56]. The lack of
estrogen leads to increased ROS production in the body,
thereby increasing endogenous oxidative stress damage
and inducing changes in mitochondrial function as well as
accelerating the process of apoptosis and promoting ag-
ing in the body [57]. Silencing regulator-related enzyme
1 (SIRT1) is closely associated with cell aging, genome
stability, gene silencing, and energy metabolism [58].
Estrogen can up-regulate SIRTI in various ways to delay
aging. The activation of SIRT1 can reduce oxidative stress
damage and mitochondrial dysfunctionh [59], which are
related to the pathological mechanism of cardiovascular
disease [60]. The B lymphoma Mo-MLYV insertion region
1 (Bmi-1) is a gene that is directly regulated by estrogen
via estrogen receptor (ER) at the transcriptional level and
it is one of the members of the Polycomb family of poly-
thioprotein complexes [61]. The Bmi-1 gene can prevent
cell aging though inhibiting transcription of the p16Ink4a/
pl9Arf signaling pathway [62]. In addition, Bmi-1 can
also prevent DNA damage and delay aging by maintaining

mitochondrial function and redox balance [63]. Recent re-
search has confirmed that estrogen deficiency can not only
reduce the levels of antioxidant enzymes such as SODI
and SOD?2 in the mouse heart, but also reduce the expres-
sion of SIRT1 and Bmi-1, all these changes can increase
oxidative stress in cardiomyocytes and promote senes-
cence and apoptosis of cardiomyocytes in ovariectomized
mice [64].

Although more and more studies have shown that estrogen
reduction is related to myocardial aging in elderly women,
the clinical therapy of estrogen replacement did not im-
prove cardiac function in elderly women but increased the
occurrence of cardiovascular events [65]. Therefore, there
are still many unknown factors in the relationship between
estrogen level and myocardial aging, and the mechanisms
behind the relationship need to be further explored.

Glucose metabolism disorders

As the pancreas ages, endocrine function decreases and
insulin sensitivity is reduced, causing disorders of glucose
metabolism. At present, the relationship between glucose
metabolism disorders and aging has not been confirmed in
myocardial cells, but it has been confirmed in other types
of cells. Song et al. [66] showed that the aging biomark-
ers of human endothelial progenitor cells were expressed
under the stimulation of high glucose. In the development
of diabetic cardiomyopathy, cardiomyocyte apoptosis is
an important pathological change [67, 68] that is believed
to cause the continuous loss of effective myocardial con-
tractile units [69], promoting myocardial remodeling and
ultimately leading to heart failure. Another important fac-
tor in cardiomyocyte apoptosis is oxidative stress. Persis-
tent hyperglycemia induces oxidative stress and excessive
ROS production. Yan et al. [70] reported that high glucose
could participate in myocardial cell injury by regulating
the Na+-K+ ATPase c-Src-dependent NADPH oxidase/
ROS pathway. Bian et al. [71] found that the P13K/AKT
pathway mediated the protective effect of glucagon-like
peptide (GLP-1) on high glucose-induced oxidative stress
in rat cardiomyocytes, suggesting that the PI3K/AKT
pathway is involved in high glucose stress myocardial
cell injury in rats. Therefore, the disorder of glucose me-
tabolism may promote the apoptosis of cardiomyocytes
through oxidative stress, which leads to the aging of car-
diomyocytes.

Glucose metabolism disorder can also lead to cardiomyo-
cyte hypertrophy, which is an important phenotype of
myocardial aging. Wang et al. [72] found that the Erkl/2
inhibitor had an inhibitory effect on rat cardiomyocyte
hypertrophy induced by high glucose, indicating that the
Erkl/2 pathway might mediate high glucose-induced rat
cardiomyocyte hypertrophy. However, recent studies do
not support the association between glycometabolism dis-
order and myocardial aging. Qian et al. [73] demonstrated
that high glucose can damage the cardiac myocytes of rats
by impairing their proliferation ability and reducing cel-
lular survival, but that the high glucose environment did
not increase the expression of myocardial cell aging bio-
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markers, suggesting that the damage of cardiac myocytes
induced by high glucose did not cause cellular aging. At
present, there is still a lack of research on glucose me-
tabolism disorders and cardiomyocyte aging; more experi-
ments are needed to verify the relationship between them.

Disturbed lipid metabolism

Free fatty acids (FFA) are important energy-supplying
elements in cardiomyocytes. As the body ages, lipid
metabolism begins to slow down, potentially leading to
hyperlipidemia and abnormal lipid metabolism. FFA are
closely related to cardiovascular disease in the elderly, and
hyperlipidemia leads to cardiovascular events and mortal-
ity in this population [74, 75]. Pilz et al. [76] conducted
a follow-up study of 3315 patients over approximately 7
years and pointed out that FFA levels were independent
risk factors for sudden cardiac death. More and more
studies have shown that lipid metabolism disorder has be-
come an independent predictor for sudden cardiac death,
myocardial infarction, and cardiovascular mortality in the
elderly [76, 77].

Too many FFA and their metabolites can cause lipid me-
tabolism disorders and produce lipotoxicity [78]. Hyper-
lipidemia has an adverse effect on the myocardium, and
the toxicity of lipotoxicity is much higher than that of gly-
cotoxicity [79]. When fatty acid metabolism is disturbed,
the uptake and utilization of fatty acids by cardiomyocytes
are far greater than actual oxidative metabolism needs. A
large amount of lipid accumulation in cardiomyocytes in-
duces toxicity in the myocardium [80], causing damage to
the cardiomyocytes and changing their structure and func-
tion [81]. An excess of FFA damages the membrane of
cardiomyocytes, increases the production of ROS, inter-
feres with the stability of ion channels on the membrane,
and causes cardiomyocyte injury [82]. The myocardial
toxicity caused by FFA hinders the release and utilization
of glucose, reduces the production of ATP, and then leads
to cardiac diastolic dysfunction, prolonged atrioventricu-
lar conduction, increased incidence of atrial fibrillation,
and ultimately leads to heart failure [83].

A recent study showed that [65] under the stimulation of
high FFA, human endothelial progenitor cells showed
molecular evidence of aging, including increased expres-
sion of SA-B-gal, reduced angiogenesis, and decreased
cell proliferation. Briot et al. found that excessive FFA
induced increased expression of senescence biomark-
ers in human cardiac microvascular endothelial cells by
inhibiting the cell cycle and up-regulating the expression
of senescence-related inflammatory factors [84]. Palmi-
tate (PA) is the largest component of FFA. PA can cause
aging of human umbilical vein endothelial cells, and the
increase of stimulation concentration and prolongation of
action time increases the expression of SA-B-gal, apopto-
sis biomarkers, and levels of ROS, while the cell prolif-
eration rate decreases and the normal cell cycle stagnates
[85]. Sokolova found that PA can promote the expression
of SASP in rat myocardial fibroblasts and can induce the
expression of senescence-related biomarkers; the cell pro-

liferation rate also decreases significantly [86]. Therefore,
while PA can also induce changes in the aging phenotype
in human cardiomyocytes, relevant research is still lack-
ing, and the pathogenesis of myocardial aging related to
lipid metabolism disorder has not been widely reported.

In summary, studying the correlation between lipid me-
tabolism disorder and cardiomyocyte aging is expected to
provide the basis for new interventions and treatments for
cardiovascular disease in the elderly. Detailed study of the
molecular mechanisms and potential targets of myocardial
aging related to lipid metabolism disorder will play an
important role in revealing its genetic basis, proteins, and
cellular processes.

Expectations

As society ages, the concept of a full life cycle of health is
becoming more and more popular. As the number one dis-
ease that seriously threatens the life and health of the el-
derly, cardiovascular disease has received more and more
attention. Anti-aging has long been the focus of scientific
research and clinicians. In particular, delaying heart aging
and maintaining the pumping function of heart contraction
and relaxation is the subject of unremitting efforts in the
pursuit of clinical treatment of cardiovascular disease in
the elderly.

However, the process of natural aging is inevitable. With
the continuous improvement of the pursuit of the health
of the elderly, the concept of “healthy aging” has attracted
more and more attention from researchers. Research
on human aging and reports on centenarians show that
healthy aging is of great significance to maintaining the
structure and function of myocardium. Therefore, it is
important to discuss the characteristics and influencing
factors of myocardial senescence in the elderly in order to
improve cardiovascular health and regulate intervention
and treatment measures of cardiovascular diseases.
However, myocardial cell senescence is a very complex
process involving intricate molecular biological mecha-
nisms and a large network of signal pathways. For exam-
ple, advanced glycation end products might upregulate the
level of mitochondrial autophagy in cardiomyocytes and
cause cardiomyocyte senescence through their specific
cell surface receptors and the homologous phosphatase-
tension protein-induced kinase (PINK1/Parkin) signal-
ing pathway [87]. The rapamycin target protein (mTOR)
signaling pathway transmits a variety of extracellular
environmental signals. It regulates the physiological and
pathological processes of the heart by generating adaptive
responses in the cells, and the pathway plays an important
role in cardiomyocyte aging [88]. The phosphatidylino-
sitol kinase/protein kinase B (P13K/Akt) pathway can
reduce oxidative stress and then delay peroxide-induced
cardiomyocyte aging [89]. Similarly, it has been shown
that the ubiquitin-mediated protein degradation system
plays an important role in the proteasome degradation
of cardiac proteins including myofibrillar proteins, con-
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nexin, and actin and myosin, and may have an effect on
myocardial aging [90]. Finally, heat shock proteins (HSP)
are proteins with highly conserved structures. HSP may
delay myocardial aging through autophagy activation and
mitochondrial activity improvement [91]. However, the
research on the mechanism of myocardial aging is still in-
complete, and there may be a common molecular mecha-
nism among factors that influence myocardial aging in the
elderly.

In summary, there are many factors related to myocar-
dial aging in the elderly. Understanding these factors and
analyzing their related signaling pathways, biological
processes, and molecular mechanisms can provide a basis
for the accurate treatment of cardiovascular disease in the
elderly and further promote healthy aging, which is in turn
expected to improve treatment effects, disease prognosis,
and survival rate.
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