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Abstract

Exercise is widely recognized as a fundamental strategy for the prevention and management of cardiovas-
cular disease (CVD). This narrative review aims to summarize the latest scientific evidence on the multisys-
temic effects of physical activity on cardiovascular health. Through a critical analysis of the literature, the
physiological mechanisms by which exercise improves endothelial function, regulates lipid profiles, regulates
blood pressure, and increases cardiovascular fitness are examined, with particular attention to molecular
adaptations, including the hormetic paradigm of oxidative stress. The review also confirms that both aerobic
and resistance exercise programs produce clinically meaningful improvements in healthy populations, indi-
viduals with risk factors, and patients with heart disease. Despite the methodological diversity of the studies
and the need for further research on long-term primary clinical endpoints, the evidence clearly supports the
integration of personalized and sustainable exercise programs as a cornerstone of primary and secondary
cardiovascular prevention.
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Introduction

Cardiovascular diseases are a significant cause of
morbidity and mortality globally and have a pro-
found and increasing socioeconomic impact [1].
In the face of such negative trends, the adoption of
healthy lifestyles, and in particular, regular phys-
ical activity, is emerging as a remarkably effective
non-pharmacological intervention [2]. A substantial
body of evidence from both observational and ex-
perimental studies clearly demonstrates how phys-
ical exercise can act synergistically across multiple
pathophysiological domains and prevent the onset
and progression of atherosclerosis [3]. Given this,
the health benefits of regular physical activity range
from improving vascular endothelial function (dete-
rioration of which is a very early risk marker) to sta-
bilizing atherosclerotic plaque and even improving
overall cardiac performance [4, 5].

However, despite a general consensus on its value,
translating evidence into definitive and universally
applicable practical recommendations remains chal-
lenging. Questions remain regarding the definition
of the optimal "dosage" of exercise (in terms of in-
tensity, frequency, duration, and modality) and the
relative comparative effectiveness of different train-
ing protocols in specific population subgroups, and
no clear and satisfactory answer has yet been found
[6]. Furthermore, while significant progress has been
made in understanding the underlying molecular
mechanisms, further research is needed to develop
increasingly personalized and targeted interventions
[7]. This narrative review is part of this contextual
review, which aims to provide an up-to-date and crit-
ical synthesis of the scientific literature, analyze the
numerous benefits of physical exercise on the cardi-
ovascular system, discuss the limitations of current
knowledge, and outline future directions for research
and clinical practice.

Materials and Methods

A systematic and reproducible literature search strat-
egy was employed to conduct a comprehensive and
up-to-date narrative review of the cardiovascular
benefits of exercise. The search was conducted by
querying major biomedical bibliographic databas-
es such as PubMed/MEDLINE, Scopus, and Web
of Science. The time period covered spanned 1990
to 2023, encompassing both pioneering studies and

more recent scientific contributions.

The search strategy was constructed using a combina-
tion of Medical Subject Headings (MeSH) terms and
free keywords, linked using Boolean operators. The
primary search terms were: ("exercise" OR "physi-
cal activity" OR "training") AND ("cardiovascular
health" OR "endothelial function" OR "flow-mediated
dilation" OR "blood pressure" OR "lipid metabolism"
OR "cardiorespiratory fitness") AND ("people"). The
search was limited to articles published in English.

The study selection process was conducted sequen-
tially. Initially, the titles and abstracts of the identi-
fied records were reviewed for relevance to the review
topic. In a subsequent step, the full texts of potentially
eligible articles were retrieved and subjected to in-
depth evaluation. Inclusion criteria included selecting
original studies, such as randomized controlled trials
(RCTs), longitudinal studies, and meta-analyses, in-
vestigating the effects of different types of exercise
(aerobic, resistance, combined, high-intensity inter-
val training) on clinically meaningful cardiovascular
outcomes. High-quality systematic reviews were also
considered to provide context and identify additional
primary references. Studies on animal models, case re-
ports, and non-peer-reviewed articles were excluded.

Based on these criteria, a final set of 30 scientific
publications was selected for synthesis and critical
analysis. Data from each study included population
characteristics, intervention protocol (type, intensi-
ty, duration, and frequency of exercise), primary and
secondary outcomes assessed (e.g., FMD, VO2max,
lipid profile, blood pressure), and baseline outcomes.
The results were then evaluated by grouping them into
coherent thematic areas such as vascular function,
traditional risk factors, molecular mechanisms, and
clinical implications to create a coherent and logically
structured narrative of current knowledge.

Discussion

The cardiovascular benefits of exercise are known to
be mediated by a complex network of physiological
and molecular adaptations, primarily involving the
vascular system, myocardium, and systemic metab-
olism. One cornerstone of these effects is improved
endothelial function. Based on current scientific data,
the endothelium, not simply considered a passive
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lining of vessels, is an active endocrine organ criti-
cal for vascular tone and vascular homeostasis. Pio-
neering and subsequent studies in this area confirm
that regular aerobic training significantly increas-
es flow-mediated dilation (FMD), a non-invasive
marker of nitric oxide (NO)-dependent endothelial
function [4, 8]. This effect is attributed to increased
expression and activity of endothelial nitric oxide
synthase (eNOS), which leads to increased bioavail-
ability of NO, a potent vasodilator with anti-athero-
genic properties [9]. The effect of exercise equally
extends to the modulation of classic cardiovascu-
lar risk factors, and it is well documented that reg-
ular physical activity leads to clinically significant
improvements in lipid profiles, with reductions in
low-density lipoprotein (LDL) and triglycerides and
a corresponding increase in high-density lipoprotein
(HDL) levels [10]. In parallel, exercise, particularly
aerobic exercise, has been shown to be an effective
non-pharmacological tool for blood pressure control,
resulting in reductions in both systolic and diastol-
ic blood pressure through mechanisms such as de-
creased peripheral vascular resistance and improved
arterial compliance [11]. Furthermore, it has been
emphasized that regular exercise contributes to the
reduction of overall cardiovascular risk in patients
with type 2 diabetes or insulin resistance by improv-
ing insulin sensitivity and glycemic control [12].

A fascinating aspect of the exercise response is its
dual relationship with oxidative stress. A single in-
tense exercise session can temporarily increase the
production of reactive oxygen species (ROS), while
regular, moderate training triggers strong hormetic
adaptation mechanisms [13]. This phenomenon is
believed to upregulate endogenous antioxidant en-
zymes such as superoxide dismutase (SOD) and glu-
tathione peroxidase, creating a preconditioning state
that protects vascular and cardiac cells from chronic
oxidative damage [14, 15]. This stimulation of cel-
lular endurance represents a fundamental protective
mechanism that goes far beyond simple metabolic
effects and is essential for explaining the positive
physiological health benefits of regular exercise.
Comparing different exercise modalities provides
important information to examine the positive phys-
iological benefits of regular physical activity. While
aerobic training remains the gold standard for im-
proving cardiovascular fitness (VO2max), resistance

training is emphasized as essential for maintaining
and increasing skeletal muscle

mass, a metabolically active tissue that positively in-
fluences basal metabolism and insulin sensitivity [16].
Therefore, it should come as no surprise that combined
exercise programs integrating both modalities gener-
ally provide superior and more comprehensive bene-
fits on metabolic and vascular parameters compared to
programs that utilize a single training type [17]. This
is particularly evident in complex populations such as
patients with type 2 diabetes or the elderly, where the
synergy between two types of exercise is thought to
contribute to the simultaneous treatment of multiple
comorbidities.

Another critical dimension relates to the environment
in which the exercise is implemented. Supervised pro-
grams in a hospital or rehabilitation setting allow for
accurate monitoring of intensity, ensuring maximum
compliance and safety [18]. However, well-structured
home-based programs, perhaps supported by telemon-
itoring technologies, demonstrate comparable effec-
tiveness in maintaining long-term benefits and offer
the possibility of greater flexibility and accessibility,
key factors for sustainability [19]. Therefore, it is rec-
ommended that the choice of environment be evalu-
ated based on individual patient characteristics and
therapeutic goals.

Results

The synthesis of the reviewed literature aimed to
present strong and consistent evidence supporting the
therapeutic role of physical exercise. The results can
be categorized into several outcome areas. In terms
of vascular function, mean increases in Flow-mediat-
ed dilation (FMD) ranging from 1% to 4% have been
noted following 8-12 week training programs in both
healthy individuals and patients with established car-
diovascular disease [4, 8, 20]. These positive metabol-
ic improvements lead to more effective vasodilation
and a reduction in cardiac workload, demonstrating
the potential therapeutic effect of regular exercise.

In terms of functional capacity, the most significant
result is an increase in maximal oxygen consumption
(VO2max), which indicates increased efficiency of the
entire cardiovascular system. Increases in VO2max of
10% to 20% are frequently observed in well-conducted
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training programs, and direct effects on reducing
symptoms (e.g., dyspnea) and improving quality of
life have been observed [5, 21]. Regarding tradition-
al risk factors, meta-analyses report average decreas-
es in systolic blood pressure of 5-8 mmHg and dias-
tolic blood pressure of 3—6 mmHg in hypertensive
individuals [11]. Lipid profiles improved, primarily
characterized by a decrease in triglycerides (from
5% to 15%) and a modest increase in HDL cholester-
ol (from 3% to 5%), highlighting the potential thera-
peutic effect of regular physical activity [10].

At the molecular level, mechanistic studies confirm
an increase in antioxidant enzyme activity and a de-
crease in lipid peroxidation markers (e.g., Malond-
ialdehyde (MDA) in response to regular exercise,
confirming the hormetic model [14, 15]. Finally, a
critical clinically important finding is evidence of a
"detraining" phenomenon. It is important to note that
suspension of regular physical activity can lead to
a rapid and gradual reversal of many of these ben-
eficial adaptations, leading to a measurable decline
in endothelial function and functional capacity after
just a few weeks.[22] These data clearly demonstrate
that the benefits of exercise depend not only on the
effectiveness of the exercise program but also on the
persistence of the exercise habit.

Limitations

Despite the overall strength of the evidence, this re-
view must acknowledge some key limitations of the
existing literature. First, there is significant method-
ological heterogeneity across studies, and exercise
protocols vary significantly in intensity, volume,
frequency, and duration, making direct comparisons
and determining a universally applicable optimal
"dose" difficult [6, 23]. Second, most studies focus
on surrogate endpoints (such as FMD or VO2max)
rather than "definitive" primary clinical endpoints
(such as myocardial infarction, stroke, or cardiovas-
cular mortality). While these surrogate endpoints are
biologically plausible and beneficial, their translation
into direct reductions in clinical events in controlled
intervention settings suggests the need for further
validation in long-term studies [24].

Another critical issue is the risk of selection bias.
Participants who enroll in and complete exercise re-
search programs tend to be more motivated and have

a lower overall risk profile than the general cardiovas-
cular patient population. This raises questions about
the generalizability of the findings to frail individuals,
those with multiple comorbidities, or those with poor
behavioral compliance [25]. Finally, evidence re-
garding the interaction between exercise and comple-
mentary feeding or nutraceutical interventions (e.g.,
L-arginine supplementation) remains fragmented and
sometimes contradictory, highlighting the need for
specific studies designed to investigate these potential
synergies [26].

Implications for Future Practice

Based on the evidence discussed, the implications
for clinical practice are clear and compelling. Exer-
cise should be considered and prescribed as a genu-
ine treatment on par with medications in primary and
secondary cardiovascular disease prevention. Clini-
cians should move away from the tendency to focus
on general recommendations in favor of personalized
"exercise prescriptions" that consider the patient's in-
dividual risk profile, functional capacity, preferences,
and psychosocial context [27]. A combination of aer-
obic and resistance exercise should be considered the
standard to maximize benefits across all physiological
domains.

To improve long-term adherence, multimodal strate-
gies such as a supervised baseline phase, gradual tran-
sition to home-based programs, use of remote moni-
toring technologies (wearable devices), and ongoing
behavioral support (e.g., counseling) have proven
most effective [28, 29]. Priorities for future research
are well defined. It should also be emphasized that
there is an urgent need for large-scale, long-term ran-
domized controlled trials with long-term follow-up,
specifically designed to evaluate the impact of differ-
ent "doses" and forms of exercise on primary clini-
cal endpoints. At the same time, mechanistic research
should continue to leverage "omics" technologies to
unravel the molecular basis of individual variability
in exercise response, laying the foundation for re-
al-lifestyle-based precision medicine [30]. Finally,
implementation studies are of critical value and vi-
tal to identifying the most effective strategies for in-
tegrating these programs into healthcare systems and
ensuring equitable access for all patients.
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Conclusion

In conclusion, this narrative review clearly demon-
strates the central role of regular physical exercise
as a powerful tool for promoting cardiovascular
health and preventing disease. Its beneficial effects,
mediated through a network of vascular, metabolic,
molecular, and functional adaptations, have been
demonstrated across a wide range of populations,
from healthy individuals to patients with established
heart disease. The challenge for the future is not to
prove whether exercise is beneficial, but rather to
determine how to optimally prescribe it for each
individual and how patients can sustainably benefit
from exercise over the long term. Addressing exist-
ing knowledge gaps through rigorous research and
translating evidence into effective and comprehen-
sive practice strategies are considered critical steps
to significantly reduce the global burden of cardio-
vascular disease.
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