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2.1 Epidemiology

According to the World Health Organization, car-
diovascular diseases (CVD) are the leading
causes of morbidity and mortality in industrial-
ized nations, and they are expected to become the
first cause of mortality also in low- and middle-
income countries in the near future.

Incidence of CVD has reached pandemic pro-
portions in light of combined social changes and
medical improvements occurred in the last
decades, resulting in a significant demographic
shift that will lead by 2040 to a 22% prevalence
of subjects older than 65 [1]. Owing to numerous
preventive, diagnostic, and therapeutic means
implemented on a global scale, life expectancy
has dramatically increased over the course of the
last 50 years, resulting in a 16.5 year gain in life
expectancy within this timeframe and reaching a
life expectancy of 71.9 years worldwide.
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Increased life expectancy has, particularly in
high-income areas, expanded the terminal phase
of life which is characterized by a series of differ-
ent disabilities affecting the quality of life itself
where non-mutually exclusive CVD lead to a
final stage of cardiac impairment called heart
failure [2]. Concomitantly, the clinical picture
and therefore the general population outlook is
heterogeneous with non-cardiovascular diseases
also playing a role. Together with intrinsic risk
factors, environmental ones such as nutrition [3],
alcohol abuse [4], lack of physical exercise [5],
and pollution [6] can determine the morphofunc-
tional phenotype of cardiac impairment.

A recent population study in the UK showed
that, despite a reduction in the annual incidence
of heart failure diagnosis (—7%), its prevalence
increased (+12%) in light of adequate public
health policies and effective therapeutic strate-
gies [7].

These numbers are translated into a public
healthcare system challenge with an annual
expenditure of nearly $125,000 per heart failure
patient, a sum that is doomed to increase in the
near future [8].

2.2  Features

With ageing, the cardiovascular system under-
goes a series of structural and functional changes
dictated by molecular and cellular mechanisms
affecting different anatomical structures such as
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Fig. 2.1 Age-dependent changes to cardiovascular tis-
sues. Molecular, cellular, and tissue changes occurring
with time ultimately altering morphology and function of

the myocardium, the valve apparatus, the con-
duction system, and the vasculature as shown in
Fig. 2.1.

The indisputable evidence connecting CVD
with age notwithstanding, it still remains elusive
whether ageing per se should be considered as an
independent risk factor, a process, or rather an
epiphenomenon of accumulated stochastic molec-
ular events exhausting compensatory defensive
response and ultimately yielding to reduced
homeostasis and therefore morbid conditions.

2.3  Arterial Ageing

Over time, significant peripheral and coronary
vascular changes occur leading to the two most
common forms of CVD observed in the elderly:
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the heart and vessels. (North BJ, Sinclair DA, The
Intersection between Aging and Cardiovascular Disease,
Circulation Research 2012;110:1097-1108)
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arterial hypertension and coronary artery disease
(CAD). A key early step in the development of
these diseases is represented by endothelial dys-
function where the bioavailability of nitric oxide
(NO)—a key protective factor with vasodilatory,
anti-adhesion, and anti-aggregation properties—
is drastically reduced.

2.3.1 Arterial Ageing: Arterial

Hypertension

Starting from the age of 50, arterial hyperten-
sion in elderly patients is principally character-
ized by isolated, elevated systolic pressure with
a progressive decline in diastolic pressure, intu-
itively leading to widened pulse pressure and an
increased pulse wave velocity (PWV). Such
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condition is primarily driven by concomitant
endothelial dysfunction and central arterial
stiffness, which are intimately interconnected
within a self-sustaining vicious cycle of hemo-
dynamic load, endothelial activation, inflam-
mation, and persistent damage. Endothelial
dysfunction includes reduced vasodilatatory
capability determined by reduced NO bioavail-
ability [9], impaired endothelial-dependent
responsiveness to prostaglandins [ 10], increased
levels of the vasoconstrictor endothelin-1, and
systemic molecular signature changes towards
pro-inflammatory molecules, i.e. TNF-alpha,
IL-6. Such changes are associated with altered
vascular homeostasis, favouring a prooxidant
and pro-inflammatory milieu with a tendency to
cardiovascular adverse events [11]. On the
other hand, arterial stiffness is due to altered
proteolytic activities by metalloproteinases
(MMPs), cathepsins, and neutrophil elastase as
well as an age-related increased production of
TGF-p favouring abnormal elastin fragmenta-
tion, fibers calcification, augmented collagen
deposition, endothelial senescence, and tissue
invasion by inflammatory cells and smooth
muscle cells overgrowth [12]. This process is
macroscopically  translated into luminal
enlargement and wall thickening as well as wall
stiffening with reduced arterial distensibility
yielding an increased PWV.

In order to compensate these changes and
preserve sufficient peripheral perfusion, the
myocardium undergoes a series of cellular,
structural, and functional ploys which in the
long run predispose to irreversible chronic car-
diac dysfunction. As shown in Fig. 2.2, increased
aortic impedance and ventricular loading are
counteracted by increased wall tension featur-
ing augmented wall thickness and prolonged
systole.

A longer systolic interval is possible when
time from diastole is borrowed. In order to pre-
serve contractile activity, this physiological com-
promise causes an incomplete relaxation and thus
forces the heart to increase its cavities as well as
filling pressures.

2.3.2 Arterial Ageing: Coronary
Artery Disease

Among CVD, CAD is the most common cause of
morbidity and mortality in elderly patients
responsible for nearly one-fifth of death cases
and representing the first aetiology of heart fail-
ure [13] as illustrated in Fig. 2.3.

In comparison to the general population,
elderly patients are usually more difficult to diag-
nose in light of the concomitant comorbidities
and of atypical clinical presentation; this still
holds true despite this subpopulation being more
frequently affected and with extended involve-
ment of the coronary tree.

Pathogenesis of CAD is based on a plethora
of interconnected factors determining athero-
sclerosis. Despite being initially considered
solely as a cholesterol storage disease, it is now
accepted that inflammation plays a central role
in atherosclerotic plaque formation, progres-
sion, and rupture. Initiation sites are usually
localized in peculiar sectors where laminar
blood flow is disturbed (branches); lack of
luminal elastin coupled with proteoglycans
exposure favours subendothelial low-density
lipoproteins’ (LDL) deposition. In the presence
of inflammatory cells, LDLs are a vulnerable
substrate to a number of posttranslational mod-
ifications as well as to oxidative stress caused
by myeloperoxidase or lypoxygenases release.
LDL oxidation triggers endothelial adhesion
molecules overexpression (CCL5, CXCR3,
CCL2, CCRS5, CCR2, CXCRI1), promoting fur-
ther cellular invasion. Over time, plaques
evolve from fatty streaks where T-cells and
monocytes-derived foam cells load are predom-
inant towards more complex histological
lesions [14-16].

The natural history of CAD is strongly
affected by age: in fact, CAD is more commonly
diagnosed in aged individuals and a positive
direct correlation between age and number and
size of lesions is present. As later discussed, com-
pensatory myocardial hypertrophy represents an
additional metabolic challenge for coronary cir-
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Fig.2.2 Conceptual model of arterial ageing and arterial
decline. Herein are reported the intertwined, compensat-
ing mechanisms which will eventually lead to the well-
characterized vascular dysfunction of the elderly (Lakatta

culation. With prolonged systolic time, reduced
luminal diameter, and decreased vascular density,
chronic and/or acute ischemic damage can occur
more frequently.

Specific histological features distinguish ath-
erosclerotic lesions that are more prone to rupture
and thus cause acute coronary syndromes. Such
lesions are usually larger, presenting a bigger
necrotic core (cell debris and cholesterol crystals)
and a protective fibrous cap invaded by pro-inflam-
matory cells and less smooth muscle cells [17].

EG. So! What’s Ageing? Is Cardiovascular Ageing a
Disease? Journal of Molecular and Cellular
Cardiology;83:1-13)

2.3.3 Arterial Ageing: Cardiac
Microvascular Disease

Microcirculation is defined as blood vessels with
a diameter inferior to 100 mm and its role is par-
ticularly important in regulating tissue perfusion
and cell function in response to the release of a
multitude of dilating and constricting factors
[18].

Even in the absence of image-detectable and
clinically significant coronary lesions, dysfunc-
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Fig. 2.3 The vicious cycle of myocardial ischemia—
Ischemic damage, independently of magnitude and exten-
sion, leads to ventricular dysfunction which is temporarily
compensated by a number of physiological ploys (auto-
nomic, neurohormonal, etc.) preserving myocardial func-

tional microcirculation can dramatically change
patients’ prognosis. Microcirculation can be
affected in a wide range of chronic and acute con-
ditions (ischemia, hypertension, diabetes, obe-
sity, tobacco use, renal impairment, and with age
per se). As previously mentioned, senescent
endothelium as well as smooth muscle cells, in
low calibre arterioles, tend to lose their capability
to regulate vascular resistance and match energy
request with blood flow, ultimately affecting car-
diac performance itself and increasing the
chances of myocardial ischemia. In fact, myocar-
dial oxygen extraction tends already to maximal
capabilities in resting conditions, and therefore
its delivery heavily relies on blood flow. In case
of increased oxygen demand, a proportional
increase in coronary blood flow must be matched
with metabolic requests [19, 20].

24  Myocardial Hypertrophy

Pathological myocardial hypertrophy as fre-
quently observed in the elderly is an irrevers-
ible process governed by different yet
intertwined molecular pathways in contrast to
the physiological reversible hypertrophy

tion. Over time, these ploys exhaust their compensatory
capabilities yielding to a decompensated myocardium.
(Remme WI, Overview of the relationship between isch-
emia and congestive heart failure, Clinical Cardiology
2000;23 (Suppl. IV):1-13)

observed in other conditions such as in ath-
letes. Hypertrophy in the failing ageing heart is
characterized by cellular loss, partially com-
pensated with survived hypertrophic cardio-
myocytes, and due to the aforementioned
ischemic burden, progressively replaced with
nonfunctional fibroblasts.

Such structural changes can be regarded as a
maladaptation of cardiomyocytes to mechanical
and chemical stress events, reactivating the so-
called “fetal gene program” by promoting chro-
matin  remodelling, transcriptional, and
posttranscriptional upregulation for specific
genes transcription factors such as the myocyte
enhancer factor 2 (MEF2A-C), erythroid tran-
scription factor (GATA4).

Upon reactivation, a series of common fetal
isoforms genes are accessed for transcription
such as muscle creatine kinase (Ckm), alpha
myosin chain (Myh-6), myosin light chain
(Myll), and Troponins C and I (Tnnc1, Tnni3). It
is now widely accepted that the aberrant expres-
sion of fetal genes in the postnatal heart involved
in contractility, calcium handling, and myocar-
dial energetics has only a temporary beneficial
effect as it bears a negative prognostic signifi-
cance [21].



18

M. Luciani et al.

2.5 Amyloidosis

An additional, yet underestimated, cause of myo-
cardial hypertrophy is represented by amyloido-
sis caused by the extracellular deposition of
insoluble fibrils. This is an autoptic finding; in
nearly 20% of subjects older than 80, it is the
amyloid deposition within the myocardium.

Amyloid plaques are stable, extracellular
aggregates derived from proteinaceous by-
products yielding to histological changes and
organ dysfunction. All amyloidoses have a com-
mon pathogenic mechanism consisting of errone-
ous protein folding. In fact, each protein sequence
undergoes a number of quality control systems in
order to acquire a correct tridimensional structure
and therefore fulfil the physiological function,
localization, and interactions. In the unfortunate,
yet not uncommon, case of combined adverse
events (genetic mutation, protein overproduction,
age per se, concomitant comorbidities, iatrogenic
factors), proteins can acquire aberrant conforma-
tions. Once a single protein is abnormally
arranged (monomer) and has overwhelmed addi-
tional cellular control systems, it aggregates into
larger and more complex structures called oligo-
mers, and further on into fibers and finally deposit
into stable and pathognomonic structures called
amyloid plaques [22].

With the term cardiac amyloidosis, we
engulf a heterogenous group of medical condi-
tions affecting the heart muscle which can have
variable degrees of severity, prevalence, and
evolution.

Light chain immunoglobulins can affect the
heart in 50% of cases depending on the type of
cell dyscrasia and median age of presentation can
vary for the same reason. Of note, heart failure
represents the worst prognostic factor in these
patients [23].

Transthyretin, whether wild-type or mutated,
is the biological precursor of systemic senile and
systemic familial amyloidosis, respectively. In
the absence of mutations, the mean age of pre-
sentation is around 75 years and cardiac involve-
ment prevalence increases with age. Nowadays,
nearly 100 different transthyretin mutations have
been reported, each with their peculiar physico-

chemical properties determining their noxious
properties and natural progression. Cardiac
involvement greatly varies in terms of age pre-
sentation and concomitant nervous involvement
based on the type of mutation [24].

Other proteins of cardiac and noncardiac ori-
gins can deposit within the myocardium such as
Atrial Natriuretic Peptide giving rise to isolated
atrial amyloidosis, serum amyloid A to amyloid
A amyloidosis, and ,-microglobulin which tends
to deposit in patients with long-standing dialytic
treatment [25].

At early stages when typical signs of promi-
nent cardiac involvement such as thickened myo-
cardial walls with reduced electrical voltages on
ECG tracings are not apparent yet, cardiac amy-
loidosis can represent a challenging diagnosis.
While endomyocardial biopsy represents the
definitive mean for confirming the diagnostic
hypothesis [26, 27], Technetium 99 m pyrophos-
phate (Tc 99 m PYP) cardiac imaging has
emerged as a highly sensitive and specific tech-
nique for detecting ATTR cardiac amyloidosis
and capable of distinguishing it from AL cardiac
amyloidosis [28].

2.6  Atrial Fibrillation

AF is already the most commonly occurring dys-
rhythmia with a lifetime risk for AF of around
25%, indicating that one out of four women or
men over age 40 will experience AF.

The estimated global prevalence of AF of 33
million in 2010 is expected to double by 2050
because of population ageing, the rising preva-
lence of cardiometabolic risk factors, and the
improved survival from cardiovascular events
[29, 30]. Importantly, prevalence, both of the
global incidence and the age-adjusted mortality
rates, is also rising [29]. The most important
modifiable risk factors, particularly elevated
blood pressure and obesity, explain about 50%
of the population’s attributable risk for AF
development.

While AF is associated with a five-fold
increase in the risk of ischemic stroke and up to
20% of all strokes are attributable to AF, the lack
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of temporal relationship between arrhythmia epi-
sodes and adverse outcomes has questioned the
causal role of AF in the development of stroke.

Characterized by the presence of rapid, irregu-
lar, and fibrillatory waves that vary in magnitude,
shape, and timing, possibly affecting hemody-
namic cardiac performance itself [31], atrial
fibrillation usually develops in the context of a
diseased left atrium due to the hemodynamical
challenges of high filling pressures, as in hyper-
tension and/or heart failure with preserved or
reduced ejection and fraction, and altered histo-
logical substrates that predispose to arrhythmic
event or increased vulnerability. Indeed, on top of
structural abnormalities, AF normally requires a
trigger event of cardiac or noncardiac origin such
as autonomic tone change, neurohormonal acti-
vation, inflammation, or other stimuli.

2.7  Valvular Diseases

Cardiac valve diseases are of remarkable impor-
tance in the general population; over the last
decades, they have changed aetiology and demo-
graphic patterns transitioning from prevalent
rheumatologic sequelae of the adult to a typical
degenerative process of the elderly with increas-
ing prevalence starting from the sixth and seventh
decade of life.

As shown in Fig. 2.4, heart valve diseases of
any severity rapidly increase from 0.5% before
the age of 55 and they reach at least a 12% preva-
lence in subjects older than 75, with mitral regur-
gitation being the most common (from 10.9% to
7.1%) form followed by aortic stenosis (4.6—
2.8%), aortic regurgitation (2—1.7%), and mitral
stenosis (0.2%) [32].

Each type of valve disease challenges the myo-
cardium with peculiar combinations of pressure
and/or volume overload determining temporary
compensatory responses, ultimately exhausting the
morphofunctional reserve of the heart itself and
becoming a significant determinant of mortality.

Mitral regurgitation provokes left ventricular
cavities enlargement without compensatory
wall hypertrophy; on the other hand, aortic

insufficiency predisposes to ventricular enlarge-
ment coupled to hypertrophy. Patients with aor-
tic stenosis have hypertrophic hearts without
cavities dilatation, whereas mitral stenosis pres-
ents with significant left atrial enlargement leav-
ing the left ventricle unaffected.

Mitral insufficiency can be divided into two
distinct nosocomial entities: a primary degenera-
tion of the valve called organic and a function
regurgitation due to altered surrounding struc-
tures. Organic mitral valve degeneration can have
two major pathogenic mechanisms: myxomatous
degeneration or fibroelastic deficiency. The for-
mer is believed to be driven by myofibroblast
activation secreting MMPs and altering extracel-
lular matrix turnover as well as TGF-f sustaining
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Fig. 2.4 Prevalence of valve heart disease per age. Both
aortic and mitral valves undergo a series of herein
described histological changes that are clinically trans-
lated into stenosis and insufficiency. Prevalence increases
over the course of three decades from nearly 1% (45—
54 years of age) to 12% (>75 years of age) representing a
common finding in this population. (Nkomo VT, Gardin
JM, Skelton TN, Gottidiner JC, Scott GC, Enrriquez-
Sarano M. Burden of valvular heart diseases: a
population-based study, Lancet. 2006;368: 1005-1011)
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myofibroblast proliferation and differentiation.
The latter is still not well-understood, but it is
characterized by an age-dependent impairment of
connective tissue fiber synthesis. Myxomatous
mitral valves feature redundant prolapsing tissue,
leaflet, and annulus calcification as well as annu-
lar dilatation in contrast to the other form which
usually tends to tether chordae and eventually
rupture them [33, 34]. Patients may remain symp-
tomatic over the vast majority of the natural his-
tory of the disease until an irreversible stage
characterized by preserved systolic function with
pulmonary hypertension or atrial fibrillation
begins.

Concerning aortic stenosis, the sclerotic pro-
cess (with or without stenosis) represents a clas-
sic echocardiographic finding of the elderly being
detectable in nearly half of subjects older than 85
[35]. Aortic valve calcification is believed to
progress with the same cellular and molecular
mechanisms of atherosclerosis; nevertheless,
such hypothesis remains open in light of the lack
of benefit from statin therapy.

After a long asymptomatic phase where the
myocardium can counteract flow obstruction
with compensatory hypertrophy, patients with
severe aortic stenosis rapidly complain of angina,
syncope, and fatigue and mortality rate abruptly
rises to 25% per year [36].

2.8 Therapy

Medical therapeutic mainstays of the various car-
diovascular conditions rely on judicious evalua-
tion in the setting of polymorbic patients who
most likely require multidrug therapy. In addi-
tion, renal function should be regularly moni-
tored in order to correctly provide dose
medication and to avoid expectable, adverse, and
overdosing effects. Unfortunately, the elderly
population is underrepresented in the vast major-
ity of clinical trials in spite of the unmet need for
tailored medical therapy for this subpopulation.
The above-mentioned complex clinical scenario
poses an additional challenge in the decision
making process since classic, clinical hard end-
points should be coupled with the quality of life

and frailty scoring systems. In fact, life expec-
tancy might not be perceived as a pivotal determi-
nant by senior patients who are more concerned
in preserving their daily activity independence.
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