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Abstract: Cardiovascular diseases create an important burden on the public health systems, especially
in the elderly, mostly because this group of patients frequently suffer from multiple comorbidities.
Accumulating cardiovascular risk factors during their lifetime has a detrimental effect on an older
adult’s health status. The modifiable and non-modifiable cardiovascular risk factors are very diverse,
and are frequently in a close relationship with the metabolic comorbidities of the elderly, mainly
obesity and Diabetes Mellitus. In this review, we aim to present the most important cardiovascular
risk factors which link aging and cardiovascular diseases, starting from the pathophysiological links
between these factors and the aging process. Next, we will further review the main interconnections
between obesity and Diabetes Mellitus and cardiovascular diseases of the elderly. Lastly, we consider
the most important aspects related to prevention through lifestyle changes and physical activity on
the occurrence of cardiovascular diseases in the elderly.
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1. Introduction

Cardiovascular disease currently ranks first in terms of global mortality and morbid-
ity [1]. Elderly people are more prone to developing cardiovascular diseases because age
plays a key role in impairing the optimal functionality of the cardiovascular system, thus
the prevalence of these diseases increases with age [2]. Conceptually, the term “elderly”
usually describes a person aged 65 years or more [3], though there are studies that de-
scribe as “young elderly” the population between 60-69 years-old and as “old elderly” the
persons aged 70-80 years-old [4]. In the 2019 update of the American Heart Association
on Heart Disease and Stroke Statistics, the incidence of cardiovascular diseases among
patients aged 40 to 60 years was on average 35-40%, in patients aged 60 to 80 years it was
on average 75-78%, while in patients over 80 years of age the incidence exceeded 85% [5].
Literature is also reporting a significant difference between genders regarding the incidence
of cardiovascular diseases, most likely due to the influence of sex hormones and an increase
of the metabolic syndrome prevalence in women [6,7].

Regarding the risk factors for the occurrence of cardiovascular diseases, the most
frequent are hypertension (double-edged sword: an intrinsically cardiovascular illness and
a risk factor for other cardiovascular diseases), Diabetes Mellitus, dyslipidemia, obesity,
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smoking and age—these are all factors that are also involved in the development and
progression of atherosclerosis [8,9].

Age is an unchangeable risk factor, also considered an independent risk factor for
atherogenesis and for further cardiovascular disease [10]. However, despite the fact
that there are numerous studies regarding the relationship between age and the onset
of atherosclerosis, the exact mechanism directly involved in the occurrence of this condition
is not known [11,12].

It is assumed that the occurrence of hypertension in older adults could be related to the
fact that as physiological aging occurs, a number of changes take place at the vascular level,
leading to structural and functional alterations of the vascular walls (such as increased
arterial stiffness and decreased compliance) [13]. This theory is controversial, since the afore-
mentioned changes are also present in young patients diagnosed with hypertension [14].
For these reasons, the acknowledgement and investigation of other risk factors associated
with the aging process are required/are essential [15].

According to the US Center for Disease Control and the American Association for
Prevention and Health, presence of comorbidities in which there is a state of chronic inflam-
mation (especially Type 2 Diabetes Mellitus and obesity) and external predisposing factors
(stress, sedentary lifestyle, diet and smoking) in the elderly put them at risk not only of hy-
pertension progression, but also of the occurrence of other cardiovascular conditions [5,16].
The aforementioned risk factors can be influenced and act differently depending on the
distinct genetic profile of the individuals and their age; thus, in some individuals, the
risk of developing cardiovascular diseases is much higher [17]. The development of acute
cardiovascular diseases in the elderly, such as acute myocardial infarction and stroke (most
frequently triggered in hypertensive patients with ischemic heart disease), is a complex
process in which a plethora of risk factors are involved [18,19].

In the elderly, prevention of cardiovascular disease by physical exercise plays not only
a beneficial effect on physical functioning, but also in the amelioration of general quality of
life [20].

This review aims to present the main pathophysiological pathways and cardiovascular
risk factors linking aging and cardiovascular diseases, to explain the importance of comor-
bidities and to review physical exercise as a method of prevention needed to diminish the
burden of cardiovascular diseases of the elderly on public health systems.

2. Pathophysiological Processes Encountered in Cardiovascular Diseases of the Elderly

Advanced age implies numerous functional cardiac changes, such as systolic and
diastolic dysfunctions but also dysfunctions related to the electrical activity of the heart,
presenting with different types of arrhythmias [21]. Over time, these changes in functional-
ity and electrical cardiac abnormalities lead to an increase in the incidence of cardiovascular
diseases in the elderly population [22].

The high number of elderly people with cardiovascular pathologies is influenced
by the multiple changes that together occur with the aging process. Among the most
frequent of these are a high production of oxygen free radicals (OFR), increased oxidative
stress, chronic inflammation, apoptotic processes, myocardial degeneration and insulin
resistance in diabetic and obese subjects [23]. The level of reactive oxygen species (ROS)
builds up with age, and this increase fuels the persistence of a status of chronic systemic
inflammation [23].

Elderly patients with an increased percentage of adipose tissue have considerably more
chronic systemic inflammation than elderly subjects with normal body mass indexes (BMIs).
The explanation for this might be the ability of the adipose tissue to secrete a number of
cytokines (TNF-«, IL-6), such as resistin, which are capable of initiating and maintaining a
state of chronic inflammation and insulin resistance [24,25]. Moreover, in obese patients
with metabolic syndrome, a low level of adiponectin and leptin resistance was observed.
Adiponectin, a peptide synthesized by adipocytes, decreases platelet aggregation and has
anti-inflammatory and insulin sensitizing properties; leptin is a hormone that is involved
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in the inhibition of hunger, thus regulating the body’s energy balance. These changes lead
to increased insulin resistance with an impact on adipose, liver and muscle tissue, and in
this situation, insulin has no antilipolytic effect, leading to an increase in the production of
free fatty acids and their secretion into the bloodstream. In turn, high concentrations of free
fatty acids continue to fuel the state of chronic inflammation [26,27].

Enhanced production of proinflammatory factors like cytokines will lead in time to
a cardiac remodeling due mainly to the extracellular matrix (ECM) reorganization at the
cardiomyocite cellular level. Cardiac remodeling occurs through the cardiac accumulation
of collagen fibers, secondary to changes in the expression of the tissue inhibitor of metal-
loproteinase and matrix metalloproteinase. Metalloproteinases are proteolytic enzymes
which, when activated, destroy the ECM; thus an augmented level of metalloproteinase
expression will cause a severe degradation of the matrix. The build-up of collagen fibers in
the heart engenders hypertrophy of the heart muscle and eventually cardiac fibrosis [23,28].
A study by Bursenti et al. demonstrated that fibrosis and cardiac hypertrophy occurring
secondary to ECM reorganization encountered in elderly patients occurs mainly in the
atria, and these events are responsible for the occurrence of atrial fibrillation [29].

Normal cardiac metabolism is dependent on an adequate production of mitochondrial
ATP; in the elderly, the excessive production of OFR, secondary to increased oxidative
stress, impedes the normal function of mitochondria, which will resolute in cardiac dys-
function [21,30]. A study conducted in 2016 by Nakou et al. highlighted that mitochondrial
DNA is highly susceptible to oxidative degradation, due to the absence of protective his-
tones. The authors emphasized that the presence of high levels of OFR disrupts the process
of mitochondprial respiration, which provokes an even greater increase in OFR levels. This
vicious circle explains the exaggerated levels of oxidative stress in the myocardium of the
elderly [31].

Another mechanism by which oxidative stress exerts a negative effect on the normal
functionality of the heart muscle cell is by disrupting the ryanodine type 2 receptor, the
main receptor involved in the release of calcium from the sarcoplasmic reticulum [32]. Since
calcium ions play an essential role in the process of muscle contraction, once the ryanodine
receptor is affected, it will limit the outflow of calcium ions from the sarcoplasmic reticulum,
resulting in inefficient myocardial contraction and heart failure [33]. These changes were
found in the vast majority of elderly people diagnosed with heart failure.

Mitochondrial damage due to an increased production of OFR is involved in the devel-
opment of atherosclerosis by accelerated oxidation of plasma lipids. This was demonstrated
in 2018 by an experimental study on a group of elderly mice, which were fed a diet rich in
unsaturated fats (omega 6) [34]. The authors concluded that omega 6 fatty influx in aging
is driving metabolic dysregulations and low-grade chronic inflammation, reinforcing the
same hypothesis reviewed in 2014 by Franceschi and Campisi [35].

In addjition to the events encountered in the physiological phenomenon of aging that
can lead to cardiovascular diseases (increased oxidative stress, persistence of a chronic
inflammation), there are many pathological conditions that lead to the precipitation of
cardiovascular events, their occurrence not being strictly related to the consequences of
aging or the frailty which an older adult presents. As previously mentioned, the most
common pathological conditions that risk the occurrence of cardiovascular disease are
Diabetes Mellitus and obesity [36].

There are many common pathophysiological pathways both for the risk factors for
cardiovascular disease and for the actual cardiovascular conditions (such as atherosclerosis
for Diabetes Mellitus and ischemic heart disease and the pro-inflammatory status for
both obesity and myocardial infarction). These associations have many other triggers or
molecular consequences which are both intricate and difficult to properly quantify when
designing clinical studies on the elderly [23,25,27,36].

A synthesized scheme of the interactions between the key actors that might explain
the association between aging and cardiovascular disease is presented below (Figure 1,
adapted after Rodgers et al. and Paneni et al.) [6,37]. In addition to the high levels of
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oxidative stress in the aged adult, there exists frequently the continuum Atherosclerosis
obesity and Diabetes Mellitus Ischemia (which is also fueled by the oxidative stress) to
promote the structural, functional and electrical alterations in the heart and the circulatory
system. Another important factor, the genetic and epigenetic alterations (such as genomic
instability and chromatin remodeling) were discussed in a state-of-the-art review published
in 2017 by Paneni et al. [37].

Aging Oxidative stress

. Mitochondrial
Frallty stress

Structural, functional and
\ electrical alterations (in the .
Diabetes
heart and the circulatory system) Mellitus

Hypertension,
Myocardial or
peripheral arteries
ischemia

., Cardiovascular
disease in the
elderly

Figure 1. Interactions between the factors that promote the occurrence of cardiovascular diseases in
the elderly.

3. Diabetes Mellitus and Cardiovascular Disease in Elderly Patients

Diabetes Mellitus is a chronic, silent, multifactorial pathology determined by the sum
of several risk factors such as genetic, environmental and dietary factors. In 2020, the World
Health Organization (WHO) reported an impressive increase in the incidence of diabetes:
the number of patients diagnosed with this disease is 4 times higher (422 million adults)
than in 1980. It is also estimated that the number of cases diagnosed by 2045 will exceed
692 million [38,39].

Type 2 Diabetes Mellitus (T2DM) is the most common form, with approximately 90%
of patients diagnosed with diabetes having type 2, and over 95% of them being over 60 years
old. The substrate of this pathology is an increased insulin resistance, the end result being
a state of chronic hyperglycemia [40]. In the initial phase of the disease, a compensatory
increase in insulin secretion occurs, and this mechanism maintains glucose homeostasis.
However, as the disease progresses, pancreatic 3 cells undergo specific alterations, so that
insulin secretion will be unable to regulate blood glucose levels [41,42].

The vast majority of patients diagnosed with T2DM have obesity, or their percentage
of body fat is higher, being predominantly distributed in the abdomen; however, at the
same time, obesity is considered an important risk factor in the occurrence of T2DM [43].
Mokdad et al. reported that for each additional year over the age of 60, in relation to weight,
height and gender, the risk of developing T2DM increases by about 8-10% [44].

The presence of hyperglycemia, chronic inflammation and metabolic changes in dia-
betes puts the body under increased oxidative stress [45].

Chronic hyperglycemia, associated with other metabolic changes encountered in dia-
betes, predisposes the body to a series of injuries to various organs and systems, producing
life-threatening complications for patients [46]. Among the most significant complications
are diabetic microvascular complications (retinopathy, nephropathy) and macrovascular
complications, which increase the risk of cardiovascular disease from 2 to 4 times [47,48].
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Cardiovascular diseases in patients diagnosed with diabetes can materialize either in
the form of hypertension, ischemic heart disease, heart failure or diabetic cardiomyopathy
(DC) [49]. The latter form of manifestation is often underdiagnosed due to a long period of
clinical latency, with minimal or nonspecific symptoms; although it is not easily diagnosed,
the use of imaging methods, such as transthoracic or transesophageal echocardiography,
improve diagnostic rates for DC [50]. DC includes the injury of cardiac muscle cells
secondary to the metabolic imbalance that is inherent in diabetes, but it should be noted
that these injuries occur in the absence of hypertension, valvulopathy, coronary heart
disease or ischemic heart disease [51,52].

Necropsy studies performed in patients diagnosed with diabetes who died suddenly,
showed structural myocardial changes representative of DC, i.e., a decrease in the num-
ber of cardiac muscle cells due to the processes of necrosis and apoptosis, changes in
parasympathetic/sympathetic innervation, hypertrophy of the remaining cardiomyocytes
and changes in microcirculation, but also the presence of excess amount of interstitial
tissue [53-55].

From an echocardiographic point of view, the presentation of diabetic cardiomyopathy
can be in the form of severe diastolic and systolic dysfunction (taking the form of dilated
cardiomyopathy) or isolated diastolic or systolic dysfunction, but it can also emerge as an
isolated left ventricular hypertrophy [56].

Other cardiovascular complications in diabetic elderly patients, such as strokes, unsta-
ble angina pectoris and acute myocardial infarction—which are complications secondary
to diabetic microangiopathy—are more common among patients with long-term diabetes
or patients with unbalanced T2DM. Due to the presence of diabetic neuropathy in these
elderly patients, another manifestation of cardiovascular disease may be in the form of
silent ischemic events [57].

Although the occurrence of T2DM in the elderly has a slightly higher incidence
among males, some studies have shown that in the case of elderly women who have been
diagnosed with T2DM, the risk of developing cardiovascular disease such as heart failure
is higher compared to men, with an increasing mortality due to coronary heart disease [57].
Studies aiming to elucidate the causes of these differences have demonstrated that the main
negative factor among women is lower serum concentrations of high-density lipoprotein
(HDLc) compared to diabetic elderly men or non-diabetic women [58,59].

Regarding the mortality from cardiovascular diseases in diabetic patients, there is an
increased level of evidence which states that an increased serum level of inflammatory
markers is associated with a significant increase in mortality [60,61]. Thus, patients with
T2DM, who have high serum levels of C-reactive protein (PCR), have an approximately
74-77% higher risk of mortality secondary to cardiovascular disease or complications of
these pathologies [62].

Recent work has revealed that the risk of cardiovascular disease in people over
63-65 years, could be attributed, among other things, to the presence of a protein, namely
fetuin A. Fetuin A is a glycoprotein belonging to the class of fetuins, synthesized in the
liver and in adipocytes performing carrier protein functions [63]. In serum, fetuin A forms
soluble, unstable complexes with calcium ions and phosphate ions. By forming these com-
plexes, it seems that fetuin A could be involved in initiating calcium deposits (calcification)
found in coronary heart disease, while having an opposite effect in peripheral arterial
pathologies, namely, protection against atherosclerosis [64]. The higher risk of developing
cardiovascular pathologies in the elderly with high serum levels of Fetuin-A is in fact asso-
ciated with a much higher risk of developing obesity, T2DM and dyslipidemias (because
fetuin A has the ability to reduce lipogenesis and to accentuate the lipolysis process) [65].
In the presence of higher concentrations of fetuin A, a diagnosis of T2DM conferred an
increment of 15-20% in the incidence of cardiovascular disease, when compared to the
elderly without T2DM but with elevated levels of fetuin A [63,66].
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4. Obesity and Cardiovascular Disease in Elderly Patients

As mentioned before, age plays a role as an individual risk factor for cardiovascular
diseases, because, with an advancement in age, the appearance of conditions such as obesity
and T2DM becomes more common. As in the case of diabetic patients, patients with obesity
can associate a status of chronic inflammation and increased oxidative stress [67].

The cardiovascular risks to an elderly patient with an increased BMI are largely
influenced by blood glucose levels, plasma cholesterol levels and the presence or absence
of hypertension [68]. However, in an attempt to identify the direct mechanisms involved in
these combinations, it was found that in elderly patients whose blood pressure levels are
maintained within normal limits, and who follow a diet in which glycemic fluctuations are
not high and cholesterol levels are maintained in the reference range, the risk of developing
coronary heart disease was reduced to only half of these, while three-quarters of the patients
studied had a lower risk of developing stroke [69].

In light of these data, BMI should be considered an individual risk factor in the
occurrence of cardiovascular disease in elderly patients and beyond [70]. To support this
thesis, Fan et al. have indicated that abdominal obesity, increased perivisceral adiposity
and the ratio of abdominal circumference to height are useful indicators of the risk factors
for the occurrence of cardiovascular pathologies; even more, they could be considered
important tools in estimating the risk of mortality secondary to cardiovascular disease [71].

Other studies have shown that the association between the advanced age of patients
and the presence of excessive abdominal obesity predisposes patients to a much greater risk
of developing atherosclerotic cardiovascular disease, through mechanisms incompletely
elucidated so far. The same team reported that an equivalent or superunit ratio between
the waist of elderly patients and their height increases the risk of cardiovascular disease by
approximately 5% [72,73].

Regarding the gender difference, a slightly higher incidence of cardiovascular disease
was observed among older women. This difference has been attributed to the presence of
menopause among females, due to hormonal changes, especially due to decreased levels of
estrogen hormones, which will increase the risk of metabolic syndrome and increase the
number of complications among older, obese women at menopause [74,75].

5. Specific Interventions for Particular Clinical Settings
5.1. Stroke Prevention

Among the most daunting cardiovascular diseases, with potential life-threatening
complications in the elderly, is the stroke. Stroke is one of the main causes of hospitalization,
disability and death among elderly patients; cerebrovascular pathologies represent at the
same time a risk factor in the development of vascular dementia [76,77].

When it comes to the prevention of strokes among older adults, several issues need to
be addressed [78]: firstly, maintaining blood pressure values as close as possible to normal
values, and secondly, lifestyle changes, antiplatelet therapy, regular dispensing to diagnose
and monitoring of carotid artery stenosis [5,79].

Blood pressure values are especially important in elderly patients at risk of developing
a stroke, because it is known that high blood pressure is the most important risk factor
in the occurrence of a stroke [80]. Although prior recommendations were that in older
adults, a higher blood pressure threshold was permitted (thus ensuring an efficient cerebral
arterial circulation), presently studies by Framingham have exposed that the risk of stroke
increases in direct proportion to the increase in blood pressure values, with a much higher
incidence among elderly patients [81]. Moreover, in the case of elderly patients who died
due to a stroke, the presence of hypertension was found in more than 50% of these [80,81].

Although it is not yet known what the optimal blood pressure values would be to
prevent strokes in patients over the age of 70, at present there is consistent evidence that
a decrease in blood pressure in elderly hypertensive patients also reduces the risk of a
stroke [82].
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In terms of lifestyle, one of the most harmful behaviors is smoking. Smoking is a
very important risk factor when it comes to strokes. It is estimated that a smoker has an
approximately 3-5 times higher risk of developing a stroke compared to a non-smoking
elderly adult [83]. The World Health Federation points out that in the case of patients who
have suffered a transient or ischemic stroke, over 50% are related to smoking [84].

In the case of elderly patients who have smoked, who suffered a stroke, and then
gave up smoking, a decrease in the risk of a new cerebrovascular event was observed in
approximately 15% of cases [85].

It is well known that a balanced diet is extremely important for all age groups. The
American Heart Association (AHA) supports and recommends the adoption of a Mediter-
ranean diet, high in fruits and vegetables, grains, fiber and white meat (fish), to reduce
the risk of stroke [86]. Physical activity is just as important as diet. In patients with an
average age of 70 years, physical activity of 30 min a day (even walking) reduces the risk of
cardiovascular events by about 15-20% compared to sedentary patients [87].

5.2. Prevention of Coronary Artery Disease

Coronary heart disease includes several conditions, such as acute myocardial infarc-
tion, coronary artery failure and unstable angina pectoris. These conditions are among
the leading causes of mortality and morbidity among elderly patients. However, age
predisposes to coronary heart disease regardless of the presence or absence of other risk
factors. Nonetheless, in the presence of additional risk factors, such as family history of
coronary heart disease, menopause, dyslipidemia, sedentary lifestyle, tobacco use, the
presence of obesity or T2DM, an incidence of coronary heart disease of up to 25% higher
was observed [88].

Regarding the prevention of coronary artery disease, it is known that in the case
of hypertensive patients, especially in the elderly, effective antihypertensive medication
diminishes the risk of coronary heart disease or a stroke [89].

Smoking or tobacco use in any form is strongly associated with the appearance of
many pathologies, such as malignancies and cardiovascular diseases, especially coronary
heart disease and acute myocardial infarction. A study performed on a group of patients
who were over 65 years of age, had coronary artery disease and smoked showed that the
mortality of these patients was 23-30% higher compared to the control group consisting
of elderly patients with coronary heart disease but who did not smoke [90]. In the case of
elderly patients who smoke and who have suffered an acute myocardial infarction, smoking
cessation reduces the risk of the recurrence of cardiac events, so that approximately 3 years
after quitting smoking, the risk of potentially fatal vascular events is equal to that of
non-smoking patients [91].

Regarding dietary measures, the debate is still ongoing about the benefits of certain
dietary interventions in the prevention of coronary heart disease. The most studied measure,
the Mediterranean diet, proved a useful protector against ischemic heart disease occurrence.
However, randomized studies have established that replacing saturated fats with vegetable
oils rich in linoleic acid lowered serum cholesterol levels, but without a concurrent reduction
regarding the risk of death from ischemic coronary heart disease [92].

Physical activity reduces the risk of coronary heart disease in older adults. A study
conducted in the Netherlands on patients aged 65-70 years concluded that even housework
or cycling reduces the risk of coronary events and death from coronary heart disease [93].

Regarding lipid-lowering agents, a body of evidence suggested that statins admin-
istered for primary prevention in patients aged 65 to 74 years (with hypertension and
moderate dyslipidemia) do not confer any benefits, and in patients over 75 years, the
benefits are insignificant [94]. However, a 2021 systematic review conducted by Awad et al.
concluded that statin use in older adults aged >65 years was associated by a 14% lower
risk for mortality (all-cause) and a 20% reduction of the risk of cardiovascular death [95].
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5.3. Prevention of Peripheral Artery Disease

Peripheral arterial disease is characterized by gradual and chronic narrowing of the
arterial lumen, which results in inadequate and inefficient irrigation of tissues. Clinical
manifestations are characterized by acute or chronic ischemia, translated as pain in the
territory served by the artery, with reduced lumen, functional impotence and, finally, the
occurrence of tissue necrosis [96].

The frequency of peripheral arterial diseases increases with age, so that at the age of
80-90 years, the incidence of this pathology peaks, being about 15-20% higher than in other
age groups. Due to the most often silent and prolonged development of peripheral vascular
disease, patients go to the doctor in the final stages of the disease, the only solution for
them usually being amputation. Among the risk factors in its occurrence in addition to age
are tobacco use, dyslipidemia, neglected hypertension and diabetes [97].

As is the case for the aforementioned pathologies, a good control of hypertension,
diabetes, smoking cessation and a diet rich in fiber of plant origin are the keys to success in
terms of peripheral arterial disease [98].

In patients who have developed this condition, lifestyle changes, smoking cessation,
exercise (or even walking for 30 min each day) and treatment with statins can lead to a
slowdown in the pathophysiological process and a slight improvement in the quality of
life of these patients [99]. Additionally, for this category of patients, regular consultations
with the cardiologist and periodic Doppler ultrasounds are indicated in order to establish
an early diagnosis and correctly determine the evolutionary stage of this disease [100].
If patients are symptomatic, have intermittent claudication or other manifestations of
peripheral arterial disease, antiplatelet therapy is recommended to minimize the risk of
debilitating or potentially fatal cardiovascular events such as acute myocardial infarction,
sudden death or strokes. Antiplatelet therapy with Aspirin or Clopidogrel is preferred.
No benefit was observed in the concomitant administration of the two preparations, but
an increase in the risk of bleeding was observed, which is why the combination is not
recommended [101].

In elderly people with peripheral artery disease, which is often associated with hy-
pertension and ischemic heart disease, a key factor which ameliorates the quality of life is
good treatment adherence. Non-adherence to treatment in the elderly can lead to further
aggravation of their physical or mental symptoms, together with a further burden on health
systems and caregivers [102].

6. Physical Activity in the Elderly and the Prevention of Cardiovascular Diseases

Cardiovascular disease prevention in the general population, and especially in older
adults, starts from lifestyle modification [76]. Because studies on dietary interventions,
stopping smoking and alcohol consumption particularly have already accumulated a large
body of evidences at present, these will make the object of a further review.

To prevent cardiovascular disease not just in elderly patients, but in all age groups, it is
recommended to avoid a sedentary lifestyle and to exercise within the limits of individual
tolerance [87]. There is a lack of precision-designed studies to evaluate properly the
differences between certain interventions in particular clinical settings and in different
age sub-groups. The literature needs better standardized studies to evaluate which is the
best strategy to diminish cardiovascular risk using preventive measures (such as physical
activity regimen or dietary patterns). These preventive measures need to be studied in
every particular clinical setting, in order to finally be able to prescribe a tailored intervention
for a certain type of patient.

It is common knowledge that physical exercise has a positive impact on improving
health and quality of life. In the elderly, regular exercise can exert an important contribution
in reducing falls, maintaining good physical function and maintaining a good quality
of life [103].
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6.1. Mechanisms and Effects

There are multiple studies that aimed to establish the mechanisms by which physical
activity has a positive impact on health status of the elderly, the benefits being already
reviewed since the early 2000s [104]. Besides improving of the physiologic cardiovascular
parameters, physical exercise improves cardiovascular symptoms (especially related to
heart failure) and blood pressure, and it decreases the risk of coronary artery disease,
together with improving the lipid profile and insulin sensitivity [103-105]. In addition,
physical exercise helps to reduce sympathetic activity, achieving better blood pressure and
heart-rate control [105-107].

The cardiovascular benefits gained by the elderly due to regular physical exercise
are also linked with an increased general quality of life, because it is proven at present
that wellbeing and cognitive functioning are also improved in the elderly who exercise
regularly [108].

The effects of physical exercise on cardiovascular risk factors and the quality of life of
the elderly are highlighted in the following figure (Figure 2).

Physical exercise in
the elderly

Influence on the Influence on
cardiovascular the general
risk quality of life

* Improves blood pressure control » Improves cognitive function
* Decreases risk of coronary and peripheral » Improves sleep quality
artery disease e Decreases pain and

e Improves cardiac output improves function in

e Improves symptoms (angina pectoris, osteoarthritis
palpitations, exertional dyspnea)

» Improves walking distance

* Ameliorates obesity

* Ameliorates glycemic control

Figure 2. Influence of physical exercise on the cardiovascular risk and quality of life of
the elderly [104-108].

6.2. Types of Physical Activities Studied in the Elderly

The key principles of the recommended physical activity in older adults are the
following: the preferred exercises are aerobic ones, which need to be supplemented by
balance, strengthening and flexibility exercises [109]. Both the British National Health
Service NHS and the American Center for Disease Control and Prevention CDC recommend
that adults above the age of 65 should perform at least 150 min of moderate intensity
physical activity each week (the best example being brisk walking at 30 min per day, 5 days
a week) [110,111]. If the elderly are already active persons, the physical activity can be
limited to 75 min of vigorous intensity activity per week (such as jogging and running).
At least 2 days a week, the subjects must add to the previous examples some muscle-
strengthening activities that work all major muscle groups (hips, legs, back, abdomen,
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shoulders, chest and arms) [110,111]. In a recently published nationwide cohort study
on older adults, physical activity was inversely associated with long-term mortality risk,
confirming that the maximum benefits in terms of survival were achieved at around 150 min
of exercise per week [112].

Many studies emphasize that there should not exist an ideal exercise to be prescribed
in a certain profile of the older adult, because it was shown that even modest levels of
physical activity offer benefits in terms of cardiovascular risk, compared to being completely
inactive [113]. To date, the most commonly recommended exercise is walking, and gait
speed is proposed as a powerful marker of longevity in elderly and frail subjects [114].
Walking counts as a moderate-intensity activity, as are water aerobics, hiking (flat terrain),
dancing, riding a bike or pushing a lawn mower [110]. Vigorous activities can include any
of the following: running or swimming (non-professional level), aerobics, tennis, football or
hiking uphill [110]. For muscle strengthening, it is recommended to work with resistance
bands (such as Thera-Band® elastic bands), lifting weights (even carrying shopping bags)
or yoga and Pilates exercises [110,115]. Older women are more predisposed to practice
less physical exercise than men. In a recently published study, it was shown that general
exercises and dancing improve balancing skills, and might reduce the risk of falls in elderly
women [116].

Unfortunately, during the COVID-19 pandemic, older adults have suffered a further
reduction of physical exercise, due to social distancing. At present, there is low to moderate
evidence that mobile or internet-delivered (eHealth) interventions may be efficient in
promoting and increasing the levels of physical activity in the elderly [117].

6.3. Physical Activity, Insulin Sensitivity and Glycemic Control

Regardless of the exercise performed, whether it is running or walking, many studies
have reported that during the active contraction of striated muscles, there is an increase
in the translocation of type 4 glucose transporter (GLUT4) from the cytoplasm of striated
muscle cells, the result being the promotion of blood glucose absorption, thus improv-
ing insulin resistance; this mechanism is known to play a major role in the development
of T2DM [118,119]. After glucose enters the cells, it will be transformed into glucose-6-
phosphate (G-6-P) through the process of phosphorylation under the action of hexokinase.
G-6-P is directly involved in the processes of glycolysis and glycogenesis, processes that
increase the level of blood glucose absorption. A study performed on diabetic rats illus-
trated how physical activity leads to an increase in G-6-P levels in striated muscle cells but
also to improved activity of GLUT4, hexokinase and glycogen-synthetase activity, thereby
improving glucose tolerance and lowering blood glucose levels. Reduction of blood glucose
levels is synonymous with an optimal control of diabetes, hence the risk of cardiovascular
disease secondary to poorly controlled diabetes an unbalanced diabetes among elderly
patients will be significantly lowered [120].

6.4. Physical Activity and Blood Pressure Values

As previously mentioned, high blood pressure predisposes a person to cardiovascular
disease, as well as complications such as acute myocardial infarction, heart failure or
stroke [121]. Following physical activity, a transient decrease in blood pressure was found,
both among people diagnosed with hypertension and among normotensive people [122].

Studies which determined the beneficial effect of physical activity on blood pressure
proved that physical activity maintained over a long period of time leads to a decrease in
systolic blood pressure by about 5 mmHg, and a reduction in diastolic blood pressure by
about 3.5 mmHg. It is well known that a reduction in systolic blood pressure values by
2-3 mmHg decreases the risk of death secondary to a stroke by about 5%, and secondary to
an acute coronary episode by 3—-4%. However, the decrease in blood pressure is a transient
one, which is why performing physical exercises, such as walking, must be performed
daily [123,124].
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Nonetheless, when performing exercises of much higher intensity, and without these
being adjusted to age and muscle mass, opposite effects occur, namely increased vasocon-
strictor activity, an increase in oxidative stress and an increase in blood pressure. Because of
these observations, light physical activity is recommended at present for the elderly, such
as walking for 30 min daily [125].

7. Conclusions

In conclusion, cardiovascular diseases remain a major cause of disability or mortality
among elderly patients, age being a major risk factor in their occurrence. This role is
accentuated by the increased probability that, in the case of this category of patients, and in
addition to old age and frailty, there is an impressive number of other factors, such as obesity,
smoking, sedentary lifestyle or pathologies such as diabetes mellitus and hypertension.

However, as mentioned above, in the case of accumulating risk factors, their detection
and treatment is crucial in the subsequent evolution of these patients. By treating them,
changing their lifestyle and exercising regularly, the occurrence of cardiovascular diseases
can be delayed or their progression might be slowed down.

Physical activity plays an important role in maintaining a good physical functioning
and improving the quality of life of the elderly. Better-designed studies are needed to
evaluate the particularities of each specific clinical setting, in order to help doctors to
prescribe a tailored schedule of physical activity for a certain type of patient.
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