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ABSTRACT

Low exercise and a sedentary lifestyle are independently attributed to a rise in the level of morbidity
and mortality. In the past four decades, explosive progress in knowledge and application has been
made in the field of exercise physiology. Exercise can be regarded as an evolutionary stimulus for
ameliorating human cardiovascular health. Several studies showed that heart attack patients who
implement a formal exercise program can have a reduced death rate of 20–25%. The cardiovascular
beneficial effects of regular physical activity are suggested mainly due to the exercise-induced
changes in different cardiovascular risk factors such as obesity, dyslipidemia, and high blood pres-
sure. We conducted an extensive literature search on various electronic databases such as PubMed,
Science Direct, Scopus, and Web of Science. This review aimed at providing further advancement
of our understanding of how different cardiovascular aspects can be modulated by exercise which
could be considered as novel therapeutic strategies to prevent or treat different cardiovascular
disorders. The present knowledge regarding exercise-induced cardiovascular adaptation, including
processes and bioactive substances, has been improved, but many molecular/cellular aspects remain
to be elucidated.
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INTRODUCTION

T
he modern lifestyle has led to decreased physical ac-
tivity as well as dependency on machines instead
of performing some day-to-day activities such as
walking. Although many comforts have been ac-

quired from this lifestyle, a disadvantageous impact has been
reported on the health of humans, which has raised big con-
cerns about public health [1]. Unfortunately, the impact of
this sedentary lifestyle is aggravated by non-healthy diet reg-
imens containing, for instance, fast food and high-fat diet.
This led to a rise in obesity rates in many countries of the
world which consequently, resulted in alarming increased mor-
bidity and mortality due to the high incidence of several criti-
cal diseases such as cardiovascular problems, diabetes, inflam-
matory diseases and cancer [2].
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World Health Organization (WHO) announced that lack
of physical activity is the fourth leading cause of mortality
in the world [3]. In addition to this deterioration in health
and wellbeing, this situation puts a big economic burden on
the governments to deal with those people with sedentary
lifestyles and in exercise promotion programs. It has been
confirmed that physical activity/exercise can enhance quality
of life and reduce the risk of incidence and progression of
different pathological conditions.

This review aimed to provide a comprehensive view of the
impact of exercise on the cardiovascular system physiology
and show whether this physical activity could be a substantial
therapeutic strategy to prevent or treat different cardiovascu-
lar disorders.

IMPACT OF EXERCISE ON GENERAL HEALTH

Physical activity has numerous physiological benefits for
overall health status. The effects of proper and regular ex-
ercise on muscle, bone, and mood are chosen as examples.
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Muscular function, maximal oxygen consumption, and aero-
bic capacity are improved by exercise, which enhances per-
forming regular daily activities with less fatigue, and more
endurance performance [4]. In older patients with sarcope-
nia, although exercise could not increase the muscle mass
of the upper extremities, regular physical activity could en-
hance muscular function and physical performance [5]. Fur-
thermore, proper physical activity can attenuate age-related
deterioration in muscle strength and mass, as well as improve
muscle metabolism [6].

Physical exercise could be an efficient way to stimulate os-
teogenesis and decrease the risk of osteoporosis [7]. Howe and
coworkers found that there is a small, statistically significant,
but potentially important, advantageous effect of physical ac-
tivity on bone density in postmenopausal women in compar-
ison with the control group [8]. The authors suggested that
exercise aids in avoiding bone loss in postmenopausal women.
However, not all types of exercise can have the same beneficial
effect on bone mass density (BMD). Weight-bearing aerobic
exercises (e.g., walking) alone could not improve BMD unless
they reached a considerable level of mechanical stress. Addi-
tionally, strength and resistance exercises (e.g., weight lifting
and cycling) should have sufficient joint reaction force and
muscle strengthening to confer a positive effect on BMD [9].

Physical activity is also known to play a crucial role in en-
hancing mental health and mood status. A study performed
on physical education students showed that leisure, Vigor,
and mood status are positively correlated with physical ac-
tivity levels [10]. The authors proposed that individuals can
improve their mood status and health-related quality of life
by increasing their leisure time’s physical activity. A recent
study by Pham et al. concluded that a better mood can result
from engaging in leisure time physical activities because this
type of exercise could increase emotional well-being-positive
effect in diabetic patients [11]. In addition, another study
found that being physically active, even at a low level, can
lead to major health benefits and substantially reduce the
risks of depression [12].

IMPACT OF EXERCISE ON CARDIOVASCULAR
RISK FACTORS

There are five major risk factors for cardiovascular disor-
ders, including a sedentary lifestyle, hypertension, dyslipi-
demia, smoking, and obesity. Treating or preventing these
risk factors is fundamental to reducing the potential incidence
of heart attacks, strokes, and their associated death rates.
Several studies have found that a regular exercise program
can decrease the mortality rate by 20–25% in cardiovascular
patients, as physical exercise has a beneficial effect in miti-
gating all risk factors [13].

A meta-analytic investigation found that exercise can re-
duce blood pressure (BP) in the hours after an exercise ses-
sion, regardless of the individual and exercise features. How-
ever, the exercise-induced hypotensive effect was superior
when the already physically active participants performed the
exercise as a preventive strategy [14]. A recent meta-analysis
study found that each 30 min/week of aerobic physical ac-
tivity could decrease both systolic and diastolic BP by 1.78
mmHg and 1.23 mmHg, respectively. In addition, the authors
realized that a reduction in BP was dose-dependent, with the
greatest reduction obtained at 150 min/week [15]. However,
the underlying mechanism of exercise-induced hypotension
is still unclear. It has been found that baseline cardiovas-

cular variables and endothelium-derived vasoconstrictors are
involved in this hypotensive effect, while nitric oxide (NO) /
endothelin-1 (ET-1) specifically may not have a role [16].

Prospective intervention studies and epidemiological stud-
ies indicated that exercise training can improve lipid profiles
and eventually, reduce cardiovascular morbidity and mortal-
ity [17]. There is a clear relationship recognized between
physical activity and elevation of high-density lipoprotein
(HDL) as well as the reduction of both triglyceride and LDL
(low-density lipoprotein)-cholesterol [18]. Small atherogenic
LDL particles are also diminished by exercise [19]. Research
showed that bidirectional interactions have been established
between dyslipidemia and inflammatory processes. Interest-
ingly, exercise also has been recognized to improve lipid profile
by inducing anti-inflammatory effects such as altered leuko-
cyte subtypes and cytokine patterns [20].

Furthermore, even though exercise may have a minor role
in improving some cardiovascular risk factors, adding some
other lifestyle modifications (such as healthy nutrition and
quitting smoking) can result in a dramatic enhancement of
cardiovascular health.

EXERCISE AND CARDIOVASCULAR HEALTH

Effect of Exercise on Angiogenesis

Myocardial ischemic injury and pathological cardiac hyper-
trophy have been well-established to be associated with in-
adequate angiogenesis. On the other hand, exercise-induced
skeletal muscle angiogenesis is one of the important physiolog-
ical adaptations that happen as a result of physical training.
The latter can enhance endurance performance, in addition
to amelioration in cardiovascular and skeletal muscle health.
The increase in capillary density enhances waste extraction
and diffusive oxygen exchange, leading to higher fatigue re-
sistance. In addition, this angiogenesis augments muscular
glucose uptake and improves metabolic and cardiovascular
health [21].

A recent study found that both high-intensity interval
training (HIIT) and combined HIIT with strength training
could increase the expression of angiogenesis-related factors
such as vascular endothelial growth factor (VEGF) and its
receptor in the skeletal muscles of patients with heart failure
[22]. Furthermore, a recent meta-analysis examined the im-
pact of exercise on various peripheral angiogenesis markers,
revealing a change only in VEGF and e-selectin (CD62E),
with an increase in VEGF and a decrease in e-selectin follow-
ing exercise. In contrast, no change has been reported in other
angiogenesis markers after exercise, such as endostatin, fi-
broblast growth factor 2, and matrix metallopeptidase-9 [23].

Another study showed that although different types of reg-
ular exercise training, including aerobic, resistance, and com-
bined exercises, could enhance cardiovascular health, aerobic
exercise was the most effective in stimulating angiogenic re-
sponses in the myocardium of aged rats [24]. It has been
suggested that cardiac endothelium-derived NO has a crucial
role in exercise-induced cardiac angiogenesis. Upon exercise,
the delivery of required oxygen and nutrients and physiolog-
ical cardiac hypertrophy are facilitated by exercise training
due to the relaxation of the coronary vasculature and the
induction of proportional angiogenesis [25]. Also, HIF-1α,
PGC-1α, and CD34+ are other angiogenesis proteins that
have been shown to play a big part in stimulating angiogen-
esis in the myocardium of Wistar rats after different levels of
exercise. [26]. Moreover, lymphangiogenesis, which can also
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be induced by exercise [27], has an important effect on pre-
venting different cardiovascular diseases such as myocardial
injury, myocardial infarction, and heart failure [28].

Effect of Exercise on Oxidative Stress in
Cardiovascular System

Oxidative damage can happen at both the molecular and
cellular levels when there is an imbalance and excess of ox-
idants over antioxidant processes. Reactive oxygen species
(ROS) are considered the significant deteriorating players that
cause oxidative stress. Although low levels of ROS are fun-
damental for the organism acting, as signalling molecules to
ensure normal cell and cardiovascular function, high levels of
ROS provoke oxidative damage, and play a crucial role in the
onset and progression of cardiovascular diseases [29].

On one hand, studies showed that physical activity inter-
ventions could mitigate inflammation and oxidative stress at
both the cellular and tissue levels, which limits cardiovas-
cular pathological alterations and decreases the risk of dys-
functional outcomes [30]. Additionally, endurance training
has been proven to increase cardiorespiratory fitness (CRF)
by enhancing antioxidant status [31]. Greater synthesis and
release of antioxidants (nitric oxide and glutathiones) were
noticed after some sessions of physical activity in comparison
with the baseline [32].

On the other hand, exercise can increase oxidative damage
in older people, making antioxidant supplementation highly
recommended for those who exercise [33]. The same authors
found that regular and moderate exercise is still a benefi-
cial strategy for reducing some cardiovascular risk factors
(e.g., arterial pressure and lipid profile) and preventing car-
diovascular diseases. They declared that concurrent antiox-
idant supplementation can modulate oxidative damage and
increase the beneficial effects exercise in older people. Ex-
ercise intensity generally contributes more significantly to
physiological adjustments than exercise duration. It was
found that biomarkers for both pro-oxidation (malondialde-
hyde) and pro-inflammation (tumour necrosis factor receptor)
were higher after 30 minutes of moderate exercise compared
to 30 minutes and 45 minutes of low-intensity exercise [34].
Furthermore, another study found that an acute cardiopul-
monary exercise test can lead to an increase in oxidative stress
markers and a poor prognosis for patients with heart failure.
The authors recommended evaluating changes in markers of
oxidative stress to determine the optimum exercise intensity
for those patient [35].

However, to explain this variance in results, it has been
found that an acute bout of physical activity training could
temporarily increase ROS and stimulate oxidative damage
and an inflammatory response. This effect is proportional to
the intensity of physical activity and inversely proportional
to an individual’s physical conditioning status. In contrast,
regular, chronic exercise can improve the antioxidant defence
mechanism and lower oxidative damage [36]. Collectively,
these evidences suggest that regular physical activity training
is a promising and pivotal step in the treatment and preven-
tion of cardiovascular diseases.

Effect of Exercise on Vascular Tone

While acute exercise results in alterations in vascular func-
tion instantly, regular, repeated bouts of exercise can lead
to persistent physiological adaptation and structural changes
in blood vessels. These functional and structural alterations

depend on the features of the training load and could be influ-
enced by exercise-derived oxidative stress and inflammation.
There are primary and secondary mechanisms for the impact
of exercise on the vascular system, in that repeated hemody-
namic stimulation that happens during each bout of physical
activity has a direct effect on the arterial blood flow, shear
stress, and mechanotransduction [37].

Green et al. (1994), were the first to suggest the potential
modification of endothelial function after exercise training in
humans [38]. After exercise training, NO-mediated function
is improved especially in the endothelial cells in both conduit
and resistance arteries. This improvement is higher when
there is pre-impaired endothelial function and is accompa-
nied by structural vascular enlargement [39]. Exercise can in-
crease blood flow through different mechanisms including the
direct effect on vascular function and structure. Shear stress
stimulates the maintenance of endothelial barrier function by
increasing the vascular expression of NO synthase and release
of NO which leads to an increase in endothelium-dependant
vasorelaxation and reduces several processes in atherogene-
sis and restenosis [40]. In addition, physical activity can re-
duce the endothelial angiotensin II type 1 receptor expres-
sion which in turn causes a reduction in nicotinamide ade-
nine dinucleotide phosphate (NADPH) oxidase activity and
ROS production and preserves NO bioavailability [41]. These
beneficial adaptations could reduce the pathological process
of vascular remodelling in hypertensive patients [37].

Moreover, the exercise has other advantageous mechanisms,
which include a decrease in circulating levels of endothelin-1
[42] as well as improved balance between prostacyclin and
thromboxane levels in skeletal muscle [43]. However, a study
by Goto et al., revealed that only aerobic exercise of mod-
erate intensity could improve endothelium-derived vasorelax-
ation in humans through induced NO bioavailability, while
physical activity of high intensity can paradoxically increase
oxidative stress [44]. Peak reactive hyperemic blood flow has
been increased by exercise in many case-control and follow-up
studies [45]. Other studies used an imaging approach to show
that exercise can induce arterial enlargement [46], while ad-
ditional studies linked the prolonged sedentary lifestyle with
the correlated inward remodelling [47]. Vascular wall thick-
ness is increased, and the wall: lumen ratio [46] and smooth
muscle contractile state [48] are changed as a result of exercise
training.

Effect of Exercise on Resting Heart Rate and Blood
Pressure

Exercise increases the heart rate due to parasympathetic
withdrawal and augmented sympathetic activity, which is a
normal response to the increased demand of tissues for oxygen
and energy during physical activity. In comparison to non-
athletes, athletes can easily reach their maximum heart rates
during heavy exercise.

Regular exercise leads to physiological adaptations in the
cardiovascular system, including strengthening of the my-
ocardium, increasing stroke volume (ejecting more blood with
each beat), and increasing delivery of oxygen to the tissues.
This leads to a decrease in the resting heart rate (RHR), re-
quired to maintain adequate blood flow throughout the body.
Although different mechanisms are suggested to be involved
in maintaining lower RHR such as elevated parasympathetic
tone and reduced responsiveness to β-adrenergic stimulation,
reduced intrinsic heart rate is reported as the most likely
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mechanism responsible for the decline in RHR in those per-
forming long-term exercise training [49]. RHR is positively
correlated with mortality. A meta-analysis declared that
RHR can be decreased by all types of sports, especially en-
durance training and yoga, in both sexes. This has a poten-
tially advantageous effect in reducing all-cause mortality [50].
However, a cohort study examined the link between physical
activity, RHR, and atrial fibrillation (AF) and found that only
moderate physical activity had a beneficial effect in reducing
RHR and AF, whereas vigorous physical activity may raise
AF risk by different contradictory pathophysiological mecha-
nism [51].

Long-term aerobic exercise could evoke expression of eNOS
and decrease BP in 29-week-old rats. It is declared that
this antihypertensive effect was via inhibition of insulin-like
growth factor-1 (IGF-1), phosphorylated protein kinase B (p-
Akt), and PI3K [52]. Additionally, exercise has another ben-
eficial modulating effect on hypertension by ameliorating tu-
nica intima, media, and adventitia thickening and fibrosis [37].
Higashi and coworkers found that regular aerobic physical ac-
tivity can enhance endothelium-dependent vascular dilation
in patients with mild primary hypertension compared to un-
trained individuals [53]. In addition, the results of the rheova-
sography of a study on the thigh region of subjects regularly
playing sports and nonathletes with initial stages of hyper-
tension showed that an augmented vascular wall rigidity was
recorded in subjects with hypertension. Furthermore, regular
physical activity could improve endothelium-dependent vas-
cular dilation, and eventually, hypertension [54]. Moreover,
in young patients with prehypertension, 8-week resistance or
endurance exercise enhanced endothelial function of calf and
forearm resistance arteries and improved oxidant/antioxidant
balance [55]. The latter effect could be due to inhibition of
vascular NADPH oxidases or stimulation of superoxide dis-
mutase expression [56].

EXERCISE AND CORONARY
ATHEROSCLEROSIS

Physical activity could reduce the risk of coronary artery
disease (CAD) because it has been proven that raised lev-
els of circulating HDL and reduced levels of triglyceride is
attributed to endurance training [57]. However, the type, in-
tensity, and duration of physical activity are important in
determining the beneficial effect on the lipid profile [58]. In
a dose-dependent manner, exercise can lead to a decline in
plasma levels of LDL, very low-density lipoprotein (VLDL),
and triglycerides and an increase in HDL levels [59]. This
dose-dependent effect of exercise has been confirmed by an-
other study in which a significant elevation in HDL and efflux
capacity is reported only in the high-amount/high-intensity
exercise groups [60].

In addition, the homeostasis of the arterial wall could be
affected by physical activity, as people with active lifestyles
showed antagonism in the development of atherosclerotic dis-
ease and reduction of CAD in comparison with sedentary sub-
jects [61]. A prospective study showed a beneficial impact of
lifetime physical activity on atherosclerosis by enhancement of
coronary artery calcification, the carotid intima-media thick-
ness, and the reactive hyperemia index [62].

eNOS expression was elevated, and neointimal formation
was inhibited after injury to carotid arteries in exercised
ApoE-/- mice compared with sedentary control mice [63]. In
addition, exercised mice showed improved endothelial func-

tion and less lesion formation, which may be attributed to
decreased vascular lipid peroxidation and superoxide levels
in comparison with sedentary mice [64]. In a cross-sectional
study, authors suggested that physical activity is crucial for
carotid vascular health because carotid intima-media thick-
ness, carotid plaque, and abnormal carotid artery were in-
versely linked to physical activity, especially in elderly people
(age ≥ 60 years) [65]. A cohort study of 8986 male adoles-
cents showed that a combination of high muscular strength
and high cardiorespiratory fitness contributed to diminished
coronary atherosclerosis, especially severe coronary stenosis
[66].

However, a study showed that there is no more favourable
composition of coronary plaque in lifelong endurance athletes
compared to healthy lifestyle individuals as the lifelong en-
durance sport participants had more coronary plaques, in-
cluding more non-calcified plaques [67]. Another evidence has
suggested that a higher prevalence of coronary artery calcifica-
tion and atherosclerotic plaques was noticed in athletes com-
pared with controls, and atherosclerotic plaque development
was higher in the most active athletes compared with less ac-
tive athletes. However, athletes have a more benign compo-
sition of atherosclerotic plaques, as their plaque morphology
often displays calcified plaques and fewer mixed plaques [68].

In summary, it seems that physical activity can prevent
atherosclerotic diseases due to the accumulating recent stud-
ies and, perhaps at least due to inhibiting cardiovascular risk
factors such as high triglyceride levels, low HDL-C, high BP,
hyperglycemia, and central obesity [69]. It is important to en-
courage people to exercise as a therapeutic modality against
atherosclerosis but in selected patients with CVD, exercise
testing is critical before performing vigorous exercise.

Effect of Exercise on Electrical Adaptation in the
Heart

The movement of ions in and out of the cell membrane oc-
curs through specific pore-forming proteins called ion chan-
nels. There are many ion channels expressed in both vascular
smooth muscle cells and endothelial cells. These ion channels
open and close in response to activation by shear stress and
cycle stretching [70].

Chen and co-workers have studied the effect of exercise
training on the mesenteric arteries of spontaneously hyper-
tensive rats, and they found that Cav1.2 current density and
the expression of the protein Cav1.2 α1C-subunit have been
reduced, whereas KCa1.1 channel activity was normalized in
these mesenteric vessels [71, 72]. Exercise-induced high shear
stress can lead to adaptation in vascular smooth muscle cells
(VSMs), which includes alteration of Ca2+ concentration and
distribution to modulate the contractility status of VSMs.
A recent study revealed that physical activity can modu-
late L-type voltage-gated Ca2+ channels in smooth muscle
cells by inducing calcium-dependent protein kinase C (PKC)
signalling as a response to enhanced shear stress and cyclic
stretch [73]. These significant adaptive effects of exercise are
supported by another study which confirmed the activation
of different ion channels including voltage-gated L-type Ca2+

channel (Cav1.2), large conductance Ca
2+-activated K+ chan-

nel (BKCa), and voltage-gated K+ channel (Kv)[74]. Further-
more, a crucial role of Piezo 1 channel in sensing physical ex-
ercise and causing vasoconstriction due to high-shear stress
has been confirmed by a study by Rode et al., who revealed
that physical activity performance is suppressed because of
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inhibition of the Piezo 1 channel in endothelial cells [75].
In clinical studies, improved systolic and diastolic func-

tion has been linked to exercise-trained individuals [76, 77]
whereas animal model studies declared a beneficial effect
of endurance exercise on enhancing cardiac contraction-
relaxation velocities and force generation [78, 79]. Exercise
can lead to improved coupling efficiency between activation of
subsarcolemmal ryanodine receptors (RyR) and L-type Ca2+

channel-mediated Ca2+ entry, the effect which can result in al-
teration in intracellular concentration of Ca2+. Additionally,
physical activity can enhance the expression and efficiency
of sodium-calcium exchanger and sarcoendoplasmic reticulum
Ca2+ ATPase [79, 80]. Another study found that increased
sensitivity of cardiomyocytes’ contractile system to calcium
can be ameliorated by exercise due to, at least partly, in-
creased expression of Na+/H+ antiporter and changed regu-
lation of intracellular pH [81].

In the case of pathological cardiac remodelling, a lack of
upregulation of cardiac ion channels relative to myocyte hy-
pertrophy causes electrical instability in the heart [82]. In
contrast, the upregulation of depolarizing and repolarizing
currents can happen in physiological hypertrophy, which is
considered protection against abnormal electrical signalling
in the exercised heart [83, 84]. Swim training for 4 weeks
caused augmentation of outward K+ current densities (for
example, Ito,f, IK, slow, Iss, and IK1) and elevated expression
of both molecular component and total protein levels of Kv
and Kir subunits [84]. Interestingly, electrocardiographic pa-
rameters, including QT intervals and ventricular waveforms in
swim-trained animals were similar to controls, demonstrating
maintained electrical function. Furthermore, the same group
of authors found that swim training of mice led to a rise in
the expression of the K+ channel subunit, the effect which
happens independently of cellular hypertrophy and Akt1 sig-
nalling [85]. In contrast, other convincing results revealed
that vigorous endurance exercise could have a deleterious ef-
fect on heart function because middle-aged endurance athletes
have a higher prevalence of AF [86, 87]. Therefore, further
prospective cohort studies are required to thoroughly exam-
ine this variation in results and deduce the extent of exercise,
which has only a beneficial cardiovascular impact.

Effect of Exercise on Blood Volume and Components

The principal role of red blood cells (RBC) is to carry oxy-
gen from the lungs and deliver it to the tissues, and to trans-
port waste, e.g., carbon dioxide, back from the tissues to the
lungs. Researchers have found that trained athletes have a re-
duced mean age of the circulating RBC. However, enhanced
oxygen release and deformability have been noticed in the
younger RBCs, which explains the ameliorated tissue oxygen
supply during exercise [88]. The function of erythrocytes, leu-
cocytes, and platelets is improved after three months of run-
ning exercise for sedentary overweight middle-aged men, the
effect of which may lead to a decrease in cardiovascular risk
[89]. Another follow-up study has studied the effect of short-
term (30 min) standard treadmill exercise on blood cells and
found that more significant changes were reported in platelet
parameters compared with other hematological parameters
[90].

Although trained athletes have a higher level of the total
mass of RBC and hemoglobin, a low hematocrit value is re-
ported in the trained athletes and this is due to an increased
plasma volume. Persuasive evidence is revealed from both
cross-sectional and longitudinal studies that blood volume is

changed due to regular physical activity and this change is
mainly due to the expansion or contraction of plasma vol-
ume, especially on the first days of physical activity [91]. The
exercise-induced blood volume is beneficial for many crucial
functions including more blood volume for heart filling, stroke
volume, and cardiovascular stability as well as more body
fluid for heat dissipation, and thermoregulation during exer-
cise [92].

Another recent study has investigated the impact of six
weeks of sprint-interval training on maximal oxygen uptake
and central hemodynamic factors showed a significant eleva-
tion in hemoglobin mass, blood volume, and cardiac output
in exercised subjects. Therefore, the authors suggested that
the central hemodynamic adaptations are associated with a
marked improvement in maximal oxygen uptake during phys-
ical training [93]. The same authors studied the impact of the
same pattern of physical activity on maximal cardiac output
and maximal oxygen consumption, as well as the relative im-
portance of hypervolemic responses to them. They found that
the hypervolemic response has a critical role in increases in
maximal oxygen consumption following physical activity [94].
However, it seems that plasma volume expansion is indepen-
dent of the volume of intervals of exercise, as the expansion
of plasma volume was similar after four, six, and eight inter-
vals of cycle ergometry [95]. Table 1 summarises the effects
of regular physical activity on the cardiovascular system.

TYPE OF HEALTHY EXERCISE PROGRAM

Although many exercise programs were studied and sug-
gested to get a better positive outcome in cardiovascular
health, the program of 30 minutes of continuous modest ex-
ercise for at least three, preferably all, days of the week is
considered the optimum in meeting the benefits and reducing
the cardiovascular events [96]. This kind of exercise and bene-
fits can be gained by fast walking at a rate of 3–4 miles/hour,
cycling, and swimming. However, other reports demonstrated
that intermittent shorter bouts, for 10 minutes, of daily ac-
tivities of moderate intensity can afford the same cardiovas-
cular benefits [97] especially if the total accumulated duration
reaches 30 min/day. Additionally, it has been found that even
very short periods (∼2 min/hour) of light-intensity exercise
can grant an advantage over a sedentary lifestyle [98]. In
contrast, the transition from moderately active to very active
improved cardiovascular health less than going from the low-
est fitness level to the mild level. [96]. Figure 1 summarises
the physiological adaptations of regular exercise.

Figure 1. Summary of physiological adaptations after regular
exercise. CV = Cardiovascular.
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Table 1. The effects of regular physical activity on the cardiovascular system.

Effect of physical activity on the cardiovascular system Reference

Decreasing cardiovascular risk factors [13, 14]
Antihyperlipidemic effect [17, 57]
Enhancing physiological angiogenesis [22, 23]
Enhancing antioxidant status [31, 32]
Augmentation of oxidative stress (high intensity exercise) [33, 35]
Increasing vascular expression of nitric oxide synthase [40]
Reducing endothelial angiotensin II type 1 receptor expression [41]
Reducing the pathological process of vascular remodelling [42]
Decreasing circulating levels of endothelin-1 [42]
Improving balance between prostacyclin and thromboxane levels [43]
Increasing peak reactive hyperemic blood flow [45]
Inducing arterial enlargement [46]
Decreasing the resting heart rate [49, 50]
Antihypertensive effect [37, 53]
Inhibition of coronary artery atherosclerosis [61, 62]
Inhibition of carotid artery atherosclerosis [65]
Reducing the expression of protein Cav1.2 α1C-subunit [71]
Modulating L-type voltage-gated Ca2+ channels [73]
Improving systolic and diastolic function [76, 77]
Enhancing expression of Na-Ca exchanger and sarcoendoplasmic reticulum Ca2+ ATPase [79, 80]
Increasing expression of Na+/H+ antiporter [81]
Augmentation of outward K+ current densities [84]
Inducing atrial fibrillation (vigorous endurance exercise) [86, 87]
Improving red blood cells, white blood cells, and platelets functions [89]
Modulating blood volume [91, 92]

CONCLUSION

Exercise profoundly impacts cardiovascular functions, in-
cluding those beyond expected from exercise-induced modi-
fications of traditional cardiovascular risk factors. Accord-
ing to the evidence presented in this review, regular exercise
has other primary impacts on different cardiovascular aspects,
such as angiogenesis, oxidative stress, vascular tone, heart
rate, BP, electrical action potential, and blood volume and its
components. Despite this evidence, it is still unknown to what
extent the salutary adaptations in the cardiovascular system
contribute to the advantages of physical activity in prevent-
ing cardiovascular diseases. There are still gaps in knowledge
regarding the extent, duration, and type of physical activity
that is optimum for getting each of the physiological bene-
fits mentioned in this review. Collectively, more studies are
recommended to declare the cellular/molecular consequences
of exercise-induced adaptations in both physiological condi-
tions and even in different cardiovascular diseases. It is highly
recommended to encourage people to engage in regular exer-
cise as a preventive and therapeutic modality against various
cardiovascular diseases. However, for selected patients with
cardiovascular diseases, exercise testing is crucial before en-
gaging in vigorous exercise.
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[94] M. Mandić et al. Increased maximal oxygen uptake after
sprint-interval training is mediated by central haemody-
namic factors as determined by right heart catheteriza-
tion. Journal of Physiology, 601(12):2359–2370, 2023.

[95] W. B. Nelson et al. The influence of exercise volume and
posture on exercise-induced plasma volume expansion.
Physiological Reports, 11(4), 2023.

[96] J. Myers et al. Exercise Capacity and Mortality among
Men Referred for Exercise Testing. New England Journal
of Medicine, 346(11):793–801, 2002.

20 http://doi.org/10.33091/amj.2024.150002.1729



Cardiovascular Adaptation in Exercise Anb. Med. J. 21(1), 2025

[97] M. N. Ahmadi et al. Brief bouts of device-measured in-
termittent lifestyle physical activity and its association
with major adverse cardiovascular events and mortal-
ity in people who do not exercise: a prospective cohort
study. The Lancet Public Health, 8(10):e800–e810, 2023.

[98] S. Beddhu, G. Wei, R. L. Marcus, M. Chonchol, and
T. Greene. Light-intensity physical activities and mor-
tality in the United States general population and CKD
subpopulation. Clinical Journal of the American Society
of Nephrology, 10(7):1145–1153, 2015.

http://doi.org/10.33091/amj.2024.150002.1729 21


	The Physiological Aspects of Exercise-induced Adaptation in the Cardiovascular System
	Abstract
	INTRODUCTION 
	Impact of Exercise on General Health
	Impact of Exercise on Cardiovascular Risk Factors
	Exercise and Cardiovascular Health
	Effect of Exercise on Angiogenesis
	Effect of Exercise on Oxidative Stress in Cardiovascular System 
	Effect of Exercise on Vascular Tone 
	Effect of Exercise on Resting Heart Rate and Blood Pressure 

	Exercise and Coronary Atherosclerosis 
	Effect of Exercise on Electrical Adaptation in the Heart 
	Effect of Exercise on Blood Volume and Components

	Type of Healthy Exercise Program
	Conclusion 
	Ethical Declarations
	Acknoweldgements
	Ethics Approval and Consent to Participate
	Consent for Publication
	Availability of Data and Material
	Competing Interests
	Funding
	Authors' Contributions

	References
	References


