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Abstract

The world is witnessing a rapid demographic shift towards an aging population. Biologically, aging is gradual decline in the ability 
of a cell to perform its own function followed by cellular senescence. Aging-induced diseases are the leading causes of deaths which 
have plagued humankind. The purpose of this article is to discuss how molecular mechanism using biomarkers may be useful for the 
controlling of Cardiovascular diseases (CVD). 

With age, imbalance in energy demand and supply occurs. This decreases cellular ability to repair and replace damaged cells. Telo-
mere shortening, increase in oxidative stress, klotho deficiency, and epigenetic factors trigger cellular senescence with age. These fac-
tors disturb the original state of the body and hence, body becomes susceptible to a number of human diseases including CVD, cancer, 
diabetes, and Alzheimer’s disease. A number of functional and structural changes occurring in the heart with age induce reduction in 
stress tolerance causing decreased cardiac function.

The use of accurate, reliable, cheaper, and sensitive biomarkers greatly helps in the early prognosis of CVD, which prevents further 
complications and reduces death rate due to CVD.
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Introduction and Background

Aging is a lifelong process of growing up and growing old. It begins at conception and ends with death. Today, people are living longer 
than ever before due to advances in education, technology, medicine, food distribution, and sanitary conditions [1]. In almost every coun-
try, the proportion of people aged over 60 years is growing faster than any other age group, as a result of both longer life expectancy and 
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declining fertility rates. The size of older population 60 years and above is expected to grow to two billion by 2050 [2]. Therefore, there 
is much urgency in understanding the societal, molecular, and cellular hallmarks of aging and their co-relation with the onset of various 
human diseases.

Rapid population aging is a global phenomenon, regardless of a nation’s level of development [1]. Today, people are living longer than 
ever before due to advances in education, technology, medicine, food distribution, and public health [3]. With increase in age, objectively 
measured health and functional status decline, physical and cognitive capacities decrease, and the number of chronic diseases and the ex-
tent of disability in performing daily activities increases [4]. Aging is linked to the gradual loss of physiological integrity and the increased 
rate of disease emergence such as cardiovascular disease (CVD), cancer, diabetes, hypertension, sight loss, memory loss, etc. Damage to 
cells, tissues, and organs increases with aging and leads to increased risk of mortality. A large number of factors could be involved in aging 
[5-7] and the molecular information on the aging hallmark has just begun to be unveiled.

Biologically, aging is a spontaneous phenomenon that occurs automatically after reproductive maturity in all living organisms fol-
lowed by decrease in the cellular ability to perform its functions. During this process, normal molecular mechanisms going inside the cell 
get disturbed which further affects repair capacities of cells. With age, accumulation of damaged cellular macromolecules and processes 
increase triggering pathogenesis of human diseases [8]. Aging changes occur in all of the body’s cells, tissues, and organs. These changes 
affect the functioning of all body systems. Living tissue is made up of cells. Cells are the basic, structural, and functional unit of tissues. 
Aging causes changes in every types of cells in different parts of human body. This disturbs the normal functionality of all human body 
systems resulting in abnormal functions. The affected cells become larger and are less able to divide and multiply. Among other changes, 
deposition of fatty substances inside the cell also increases. Many cells even begin to function abnormally [1]. So, aging is considered 
as one of the major risk factors for many human diseases such as cardiovascular diseases, cancer, arthritis, cataracts, type-2 diabetes, 
osteoporosis, hypertension and Alzheimer’s diseases [9]. With the growing elderly population, patients with the afore-mentioned aging-
induced diseases are also growing which have plagued humankind.

The purpose of this article is to discuss molecular mechanism of cellular aging and major biomarkers which can be used in the early 
prognosis of CVD.

Biomarker

In 1988, the National Institute of Health Biomarkers Definition working Groups defined biomarker as “a characteristic that is objec-
tively measured and evaluated as an indicator of normal biological, pathogenic, or pharmacologic responses to a therapeutic intervention 
[10]. An effective biomarker must be accurate, reliable, and should have therapeutic impact with early intervention [37]. An ideal cardiac 
biomarker has high sensitivity, specificity, and ensures rapid clearance from the blood and body fluids [11]. Biomarkers can detect the 
progression of CVD which helps in the early prognosis of the disease. This greatly reduces complications in the disease and hence, controls 
death rate due to the disease.

However, the current understanding of the use of biomarkers in the prognosis of CVD and their relation with the process of aging is still 
unclear, though several attempts have been made to solve this. Moreover, the current knowledge on whether cystatin C is a direct marker 
of CHD or just a marker of renal dysfunction is still insufficient enough to use it in the control of CVD. The better understanding of the 
process of aging and CVD provides novel insights into the reduction of deaths due to CVD. This paper tries to discuss the cellular changes 
with age leading to progression of CVD and using biomarkers for its early prognosis. 

Molecular mechanism of cellular aging

Cellular aging starts with the loss in the ability to repair damage due to cellular senescence. Here, cellular damage means decrease in 
the level of telomerase, alteration in gene expression, increase in oxidative stress, etc. According to Kirkwood, the main cause of cellular 

Aging and Age-Induced Cardiovascular Disease: Molecular Mechanism and Biomarkers for its Early Prognosis

39



Citation: Hemshankar Laugi and Hom Nath Chalise. “Aging and Age-Induced Cardiovascular Disease: Molecular Mechanism and 
Biomarkers for its Early Prognosis”. EC Cardiology 8.8 (2021): 38-48.

aging is DNA damage over time [13]. DNA is responsible to carry out every physiological activities in human body and hence its damage 
leads to the cellular defects and tissue dysfunction resulting in age-related diseases. Our cells can recognize the damage to DNA, RNA, and 
proteins to repair them [58-60]. However, this requires huge energy demand, which cannot be fulfilled in the elderly population. Hence, 
all molecular components including DNA, proteins, lipids and organelles are susceptible to damage [12]. In the late 1990s, it was found 
that a number of cellular processes are involved in triggering cellular senescence rather than a single set of molecular event [14]. Hence, 
the better understanding of the relation between all these mechanisms leads to the effective control of aging-induced diseases. In the 
subsequent section, we will discuss some of these molecular and cellular events owing to the aging process.

Telomerase and telomere shortening

Short telomeres are found to be responsible for causing cellular senescence. This further triggers the secretion of inflammatory factors 
that promote aging. So far, telomere length has been detected as a biomarker of oxidative stress and cellular senescence in human [55]. 
In simple sense, telomeres are the specialized repetitive DNA sequences present at the terminals of the linear chromosomes. These DNA 
sequences are responsible for maintaining the chromosomal integrity. Tandem repeats of the TTAGGG sequence and telomere-DNA bind-
ing factors present in the telomere safeguards chromosomal ends from being recognized as a broken DNA end [20]. The telomere length 
is regulated by a ribonucleoprotein DNA polymerase complex called Telomerase [18]. This enzyme is made up of TERC and telomerase 
RNA [19]. Aging causes decrease in the level of telomerase, thereby reduction in the length of telomeres. Scientists have successfully re-
ported that telomere length decreases with age at a rate of 24.8 - 27.7 base pairs per year in human. Hence, this has been recognized as 
a natural phenomenon occurring with age that is associated with the emergence of age-related diseases and thus, decreased lifespan in 
humans [21].

Oxidative stress

According to the free radical theory proposed by Harman, reactive oxygen species (ROS) such as Superoxide radicals (O2
•−), hydrogen 

peroxide (H2O2), hydroxyl radicals (•OH), and singlet oxygen (1O2) produced during normal aerobic metabolism accumulates with age in 
the body cells. The excess accumulation of these species damages genomic DNA, proteins and other cellular components [22,24]. It has 
been found that the imbalance between production and accumulation of ROS commonly occurs in the elderly population which leads to 
oxidative stress. Moreover, overproduction of ROS affect the delicate balance between the members of Bcl2 family protein. This further 
leads to the release of cytochrome C, and other apoptogenic factors [23].

ROS are the major agents responsible for increasing oxidative stress in the body cells thereby triggering DNA damage. Nuclear DNA 
damage increases apoptosis or cellular dysfunction [15]. Therefore, any factors or molecular mechanisms that increase the accumulation 
of ROS are responsible for causing cellular senescence [20]. With regard to the emergence of age-induced cardiovascular diseases due to 
excess accumulation of ROS, it has been found that overproduction of ROS decreases the availability of nitric oxide in the cells and also 
causes vasoconstriction. This invites the increase in the blood pressure and hence, arterial hypertension [56]. So far, scientists have suc-
cessful discovered several biomarkers of oxidative stress. However, the better understanding of the diversity in oxidative stress and its 
relation with different diseases is still lacking. 

Klotho

Klotho has also been recognized as one of the important biomarkers of aging. It plays vital role in regulation of energy and mineral 
metabolism and maintenance of anti-inflammatory and anti-oxidative effects associated with vascular health [27,57]. Hence, imbalance in 
klotho level is also responsible for the emergence of heart diseases. Successful experiments in murine models have revealed greater prob-
ability in the occurrence of atherosclerosis, vascular calcifications, defects in angiogenesis, and endothelial dysfunction in the absence of 
klotho in their body, which ultimately triggers CVD [57].
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The enzyme klotho is encoded by KL-gene [22]. It is an anti-aging protein, essential for maintaining the well-functionality of many 
organs [26]. In 1997, transgenic mice was accidentally created by insertion of a transgene unknowingly. The mice later showed several 
age-induced disorders. Successful experiments in Klotho-deficient mice have revealed the close resemblance between the inherited phe-
notypes of aging in mice and human. On the contrary, lifespan was extended in a model with Klotho overexpression [26] whereas defective 
Klotho results in rapid aging and early death [27]. Hence, decrease in the expression of Klotho leads to increase in aging process thereby 
triggering age-induced disorders.

Epigenetic factors

Epigenetic factors are also found to be associated with several molecular mechanisms causing aging. Epigenetic regulatory mecha-
nisms including DNA, RNA, and hydroxyl methylation, histone modification, and regulation by small and long non-coding RNAs affect gene 
expression without altering DNA/RNA/protein sequences [28]. DNA methylation regulates gene expression in a number of organisms 
[29]. In this process, there is a covalent transfer of a methyl group to the C-5 position of the cytosine ring of DNA by an enzyme called DNA 
methyltransferases (DNMTs) [30]. These changes detect the progression of several age-induced diseases such as cancer, osteoarthritis, 
and neurodegeneration. Methylomic changes are even directly responsible for causing a hereditary form of sensory neuropathy accom-
panied by dementia [29].

Cellular Aging Genomic Instability
Telomere attrition

Epigenetic alteration
Loss of proteostasis

Deregulated nutrient sensing
Mitochondrial dysfunction

Cellular Senescence
Stem cell exhaustion

Altered intercellular communication

Table 1: Indicators of cellular aging as proposed by Carlos Lopez-otin., et al [60].

Besides these, Carlos Lopez-otin., et al. proposed nine hallmarks of aging, as mentioned in table 1, which can be important biomarkers 
of aging. Apart from these, sun exposure, smoking, excessive alcohol consumption, diet, stress, etc. also trigger early aging [64]. The use of 
accurate, reliable, and sensitive biomarkers helps to identify these risk factors inducing aging and age-related diseases in their early stage. 

Cardiovascular disease

Cardiovascular disease (CVD) is a series of diseases that involve cellular damages in the heart or blood vessels. CVD includes heart 
failure, coronary artery disease, stroke, rheumatic heart disease, and peripheral artery disease [61]. Age has been found to be one of the 
most important determinants of cardiovascular health [31]. It has been estimated that the world’s population of age 65 and older will 
reach to about 20% of the total population by 2030. With the increase in elderly population, age-induced cardiovascular disease will be 
one of the leading causes of death resulting in about 40% of total deaths [31]. According to the Center for Disease Control and Prevention, 
CVD results in the death of a person every 36 second [62]. Hence, it is of utmost importance to discuss the interaction between aging and 
CVD. The better understanding of the relation provides better hope in reducing CVDs.
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Interaction of aging and CVD

Aging results in several functional and morphological changes in the cardiac cells [33]. Morphological changes include increase in the 
thickness of ventricular walls and vascular stiffening which lead to diastolic dysfunction. Moreover, aging triggers functional changes like 
increase in the heart beat rate, systolic and diastolic volume, prolonged diastolic relaxation and systolic contraction [34]. These abnormal 
changes in the cardiomyocytes cause reduction in the heart function, stress tolerance and lead to the progression of the disease. The total 
number of cardiomyocytes also decreases due to necrosis and apoptosis, changes in myocyte activation, and reduction in the ability to 
repair or replace damaged cells to address morphological and functional changes [33].

CVD is predetermined by a progressive decline in stroke volume, cardiac output and oxygen consumption. These changes increase 
the susceptibility of the cardiac cells to inflammation and oxidative stress [32]. Therefore, with the increase in oxidative stress due to the 
increase in reactive oxygen species (ROS), cardiomyocytes senescence increases. This can be detected by the use of senescence markers 
and reduction in telomere length [31]. Leukocyte telomere length (LTL) is found to be associated with aortic valve stenosis and a number 
of CV risk factors including hypertension, obesity, diabetes mellitus, and atherothrombotic events. Recently, researchers have found that 
individuals with shorter LTL are more prone to ischemic and hemorrhagic stroke as compared with the individuals having longer telo-
mere length [35].

Biomarker of cardiovascular disease

In medicine, biomarker is a measurable indicator of the progression of any disease. Genetically, it is considered as a DNA that either 
causes the disease or is linked with the susceptibility to the disease [17]. Biomarkers are increasingly used in empirical studies to under-
stand changes in physiological processes occurring with age. They can even identify the aging process [16]. Hence, their use is significant 
in controlling physiological process, anatomic and functional changes involved in cellular senescence. Biomarkers play key roles in risk 
identification, prognosis and diagnosis of CVD and its monitoring. Nowadays, they are increasingly employed in the identification of 
therapeutic targets in CVD [36].

Figure 1: Important biomarkers of CVD [37,40,42,48].

Biomarker research in cardiology is significantly targeted to circulating and imaging biomarkers. Lipoprotein, apolipoprotein, haemo-
globin A1C, Natriuretic peptide, and urinary albumin are circulating biomarkers whereas echocardiogram falls under imaging biomarker 
[37]. Some of the important biomarkers involved in predicting risk for CVD, as shown in figure 1 [37,51], are discussed below.
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Cardiac troponin

Troponin has been used as a biomarker for the detection of damages or injuries in the cardiac cells [42]. In many cardiovascular dis-
eases especially coronary heart disease, circulating cardiac troponin (cTn) concentration is used as an important biomarker for the non-
invasive detection of myocardial injury. An increase in cTn levels is considered as a sign of myocyte necrosis. Patients with heart diseases 
like heart failure (HF) generally show increased level of circulating cTn. Hence, the detection of cTn can be useful in the early prognosis 
of the disease. However, our current understanding of underlying mechanisms of elevated cTn released in acute and chronic HF is still 
insufficient [41].

Cardiac natriuretic peptides 

The natriuretic peptide (NP) family plays pivotal role in maintaining homeostatic balance of volume, osmosis, and pressure regulation 
of the circulatory system. So far, scientists have discovered five cardiovascular peptides ANP, BNP, CNP, DNP and VNP and a renal NP called 
urodilatin [44]. Cardiac Natriuretic Peptides (CNP) help in the early prognosis of standard risk factors for cardiovascular morbidity and 
mortality in patients with chronic heart failure, hypertension, acute coronary syndromes, myocardial infarction, coronary artery disease, 
or high coronary risk [43]. Circulating B-type natriuretic peptide and its more stable by-product N-terminal pro-B-type natriuretic pep-
tide (NT-proBNP) is strongly recommended for early diagnosis and management of patients with cardiac diseases including heart failure 
[45]. Increased NT-proBNP levels indicate excessive prevalence of cardiovascular mortality [46].

Fibrinogen

Fibrinogen, an acute phase protein, is the most abundant coagulation factor found in the blood. Several studies have revealed its signifi-
cance in the initial and progressive phase of atherosclerosis [40]. Fibrinogen is regarded as one of the strongest biomarkers for predicting 
stroke and cardiovascular disease in populations without pre-existing CVD. It is even associated with hemostasis and blood viscosity [38]. 
Several researches based on it have revealed that people with relatively high fibrinogen exhibit a greater chance of suffering from coro-
nary heart disease [39]. However, according to fibrinogen genetic studies, polymorphism related to fibrinogen level is reported not to be 
linked with an increased cardiovascular risk [40]. 

Vitamin D deficiency

Sunlight exposure as well as intake of Vitamin D from the diet usually contributes to the maintenance of adequate vitamin D concentra-
tions in serum [48]. Several studies have reported that vitamin D deficiency results in an increased risk of CVD, including heart failure, hy-
pertension, and ischemic heart disease. Douglas., et al. have successfully demonstrated higher mortality rates from coronary heart disease 
especially in the winter, when vitamin D levels are the lowest. Although several hypotheses have been proposed, the actual mechanism for 
how vitamin D may protect individuals from CVD has not been fully elucidated [47].

C-reactive protein (CRP)

Inflammation is a key pathogenetic mechanism found to be associated with the development and progression of atherosclerosis and 
clinical atherothrombotic CVD. C-reactive protein (CRP) is reported to be a useful biomarker of vascular inflammation. It plays a direct 
role in promoting vascular inflammation and vessel damage [52]. Several pro-inflammatory cytokines obtained from monocytes/macro-
phages or adipose tissue in liver help in the production of CRP [50]. Hence, any cellular mechanisms such as tissue damage or infection 
that lead to the release of cytokines results in the high level of CRP. As a biomarker, it has an important role in the usual pathway to ath-
erosclerosis and hence, is the most frequently studied inflammatory marker in cardiovascular disease [51].

Moreover, plasma cystatin C is said to be an important biomarker of CKD, a disease said to be associated with an increased risk for car-
diovascular disease. However, it is unclear whether cystatin C is a direct marker of CHD or merely a marker for renal dysfunction because 
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of the association between renal dysfunction and cardiovascular diseases [49]. Furthermore, changes in the DNA sequence and epigenetic 
changes result in the alteration in gene expressions and phenotypes have also been linked with CVD traits and disease risk [54].

Challenges of using biomarker of cardiovascular disease

Heart transplantation has become a common and effective approach to reduce mortality rates from end stage heart failure. However, 
its success is limited by several complications seen in the heart transplantation, such as antibody-mediated rejection, acute cellular re-
jection, and cardiac allograft vasculopathy (CAV). Development of effective, efficient and cheap biomarkers for early diagnosis of these 
serious complication is still lacking [53]. This development can give a better hope in controlling these complications. Furthermore, the 
current understanding of using several biomarkers is insufficient enough to be used in controlling CVD. Several studies are to be made to 
understand the relation between cTn concentration and heart failure. Also, the mechanism of how vitamin D deficiency increases risk of 
CVD is to be explored.

Conclusion

Telomere shortening, defective klotho, alteration in gene expression, and oxidative stress due to excessive accumulation of RONS 
species lead to aging. This eventually induces a number of dreadful diseases including cardiovascular diseases which have plagued hu-
mankind since decades. CVD is said to be one of the leading causes of deaths in the world. The use of effective biomarkers such as cardiac 
troponin, cardiac natriuretic peptides, fibrinogen, CPR, and plasma cystatin C play very important role in the early prognosis of CVD 
thereby reducing further complications and deaths due to CVD. However, the current understanding of the use of biomarkers in the 
prognosis of CVD and their relationship with the process of aging is still unclear, though several attempts have been made to solve this. 
Early diagnosis of CVD could be instrumental in controlling their effect and developmental biomarkers could be pivotal toward this direc-
tion. However, the current understanding on the safety, efficiency, and cost effectiveness of the biomarkers in the diagnosis of CVD is still 
lacking. Moreover, the current knowledge on whether cystatin C is a direct marker of CHD or just a marker of renal dysfunction is still 
insufficient enough to use it in the control of CVD. The better understanding of the process of aging and CVD provides novel insights into 
the reduction in death rates due to CVD. 
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Appendix 1: Definition of the medical terms used.

Definitions of Medical Terms Used

•	 Apoptosis: A form of programmed cell death that occurs in multicellular organism.

•	 Tandem Repeat: A sequence of two or more nucleotides that is repeated in such a way that the repeats lie adjacent to 
each other on the chromosome.

•	 Bcl2 family protein: A member of proteins that either promote or inhibit apoptosis

•	 Cytochrome C: It is heme protein that is localized in the compartment between the inner and outer mitochondrial 
membrane and favors mitochondrial electron transport and intrinsic apoptosis.

•	 Atherothrombotic event: An event characterized by a sudden atherosclerotic plaque disruption and thrombus (blood 
clot) formation.

•	 Hemostasis: A process to prevent and stop bleeding within a damaged blood vessel.

•	 Infarction: A tissue death (necrosis) due to inadequate blood supply to the affected area.

•	 Cardiac allograft vasculopathy: A major factor limiting long-term survival after heart transplantation. It is a common 
complication of heart transplantation affecting to half of people undergoing transplantation within 10 years.
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