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ARTICULO DE REVISION (Versién en inglés)

Desarrollos recientes en el estudio de las enfermedades
cardiovasculares y arteriales, una revision exhaustiva

Sarah Salam Ali! and Priyanshu Verma>*

Resumen

Las enfermedades cardiovasculares y arteriales se encuentran entre las principales causas de muerte en todo el
mundo y generan importantes cargas sanitarias y econdmicas para las sociedades. Surgen de interacciones
complejas entre la susceptibilidad genética, las exposiciones ambientales y procesos sistémicos como la
inflamacién y el estrés oxidativo. Los avances recientes en nanotecnologia, bioingenieria y farmacologia han
introducido nuevas estrategias para el diagndstico, tratamiento y prevencion de estas afecciones. Esta revision
sintetiza los hallazgos de 50 estudios clave, abordando plataformas diagndsticas basadas en nanotecnologia,
sistemas de liberacion dirigida de farmacos, dispositivos cardiovasculares de tltima generacién y la influencia
combinada de los factores de estilo de vida y genéticos en la progresion de la enfermedad. Al integrar estos
desarrollos, se pretende orientar futuras lineas de investigacion y perfeccionar la practica clinica para combatir de
forma mds eficaz la enfermedad cardiovascular.
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Summary
Recent Developments in the Study of Cardiovascular and Arterial Diseases, an All-Inclusive Review

Cardiovascular and arterial diseases are among the principal causes of death worldwide, creating substantial
health and economic burdens for societies. They arise from complex interactions between genetic
susceptibility, environmental exposures, and systemic processes such as inflammation and oxidative stress.
Recent advances in nanotechnology, bioengineering, and pharmacology have introduced novel approaches
for the diagnosis, treatment, and prevention of these conditions. This review synthesizes findings from 50
key studies, addressing nanotechnology-based diagnostic platforms, targeted drug delivery systems,
state-of-the-art cardiovascular devices, and the combined influence of lifestyle and genetic factors on
disease progression. By integrating these developments, it aims to guide future research and refine clinical
practice to more effectively combat cardiovascular disease.
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Introduction

Cardiovascular diseases (CVDs) are a spectrum of
disorders affecting the heart and blood vessels, in-
cluding coronary artery disease, hypertension, and
peripheral arterial disease. CVDs are the leading
causes of global morbidity and mortality, with an es-
timated 17.9 million deaths per year, according to
the World Health Organization (WHO) [1]. These
diseases are burdened with a continued rise due to
lifestyle-related risk factors, including obesity, dia-
betes, poor diet, and physical inactivity, among oth-
ers [2].

In spite of tremendous progress in medical thera-
peutic and interventional approaches, CVDs still con-
tinues to be a challenge for the healthcare systems of
the world. Therefore, understanding the complex in-
terplay of genetic, environmental, and systemic fac-
tors beneath the pathophysiology of CVD is crucial
to developing effective preventive and therapeutic
measures [3]. The recent innovations in nanotech-
nology, bioengineering, and pharmacology have rev-
olutionized the diagnostic and treatment approaches
and have provided new hope in reducing the global
impact of CVDs [4].

The review combines current advances in patho-
physiological understanding of CVD, new diagnos-
tic tools, and application of innovative therapeutic
strategies. This calls attention to the need for multi-
disciplinary approaches and new technology applica-
tions, thus aiming to lead future research and clini-
cal practices towards the elimination of cardiovascu-
lar diseases once and for all [5].

Pathophysiology of cardiovascular and
arterial diseases

Cardiovascular and arterial diseases are prompted by
complex mechanisms rooted in genetic factors, envi-
ronmental, and systemic causes. All these contribute
to the development, progression, and complications
of diseases such as atherosclerosis, hypertension, and
coronary artery disease.

Atherosclerosis: A key driver of cardiovascular
disease

Atherosclerosis is characterized by the accumulation
of lipid plaques within arterial walls. This usually
starts with the development of endothelial dysfunc-
tion triggered by factors that include hypertension,
hyperlipidemia, smoking, and diabetes [6]. It en-
courages the sticking of monocytes to the intimal sur-
face which differentiates them into macrophages that
are capable of absorbing oxidized LDL to form foam
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cells that aid in plaque production [7]. This may
eventually disrupt the plaques that may develop into
thrombi, causing an acute vascular events such as a
myocardial infarction or stroke [8].

Systemic inflammation and oxidative stress

Chronic inflammation plays a central role in cardio-
vascular disease pathophysiology. Elevated levels
of inflammatory markers, such as C-reactive protein
(CRP) and interleukin-6 (IL-6), are strongly associ-
ated with disease progression [9]. Oxidative stress,
driven by an imbalance between reactive oxygen
species (ROS) and antioxidant defenses, exacerbates
endothelial dysfunction and promotes vascular dam-
age [10].

Hypertension and vascular remodeling

Hypertension contributes to cardiovascular disease
through sustained mechanical stress on arterial walls,
which is often followed by structural and functional
changes known as vascular remodeling [11]. These
changes include increased arterial stiffness, intimal
thickening and decreased elasticity, and consequently
impaired blood flow, and susceptibility to end-organ
damage [12].

Genetic predisposition and molecular mecha-
nisms

Genetic factors play an important role in determin-
ing the vulnerability of an individual to cardiovas-
cular diseases. Genome-wide association studies
(GWAS) have identified a number of loci associated
with atherosclerosis, lipid metabolism, and regula-
tion of blood pressure [13]. DNA methylation and
histone acetylation also represent critical epigenetic
mechanisms for the modulation of gene expression
and disease progression [14].

Role of microvascular dysfunction

Microvascular dysfunction characterized by impaired
vasodilation and increased vascular resistance is a
common feature in the conditions of coronary mi-
crovascular disease and diabetic cardiomyopathy.
This dysfunction results in ischemia and worsens my-
ocardial damage, especially among patients with co-
morbid diseases such as diabetes [15].

Advances in diagnostics

Recent advances in diagnostic technologies greatly
enhance the identification, monitoring, and risk
stratification of cardiovascular and arterial diseases.
These emerging technologies are largely based on the
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application of nanotechnology, bioengineering, and
precision medicine and can better pinpoint disease
processes sooner and more sensitively.

Nanotechnology in diagnostics

Nanotechnology has made cardiovascular diagnos-
tics the most sensitive with the detection of biomark-
ers. Nanosensors and nanoparticles have been used
for the detection of specific markers like troponins,
C-reactive protein (CRP), and microRNAs with high
accuracy [9]. These tools aid in the early diagnosis of
myocardial injury and inflammation, leading to better
outcomes for patients.

High-sensitivity cardiac biomarkers

Development of high-sensitivity assays of cardiac
troponin has established a new standard for the di-
agnosis of acute coronary syndromes. The assays
can detect elevations in levels to minute concentra-
tions, enhancing early diagnosis of myocardial injury
as well as facilitating early intervention [10].

Advanced imaging techniques

Innovative imaging modalities have expanded the
ability to assess cardiovascular anatomy and func-
tion:

* Coronary Computed Tomography Angiog-
raphy (CCTA): Provides detailed visualiza-
tion of coronary artery plaques, enabling non-
invasive assessment of stenosis and plaque
characteristics [11].

* Cardiac Magnetic Resonance Imaging
(CMR): Offers comprehensive evaluation of
myocardial viability, fibrosis, and ischemia,
aiding in the diagnosis of complex cardiovas-
cular conditions [12].

* Positron Emission Tomography (PET): Al-
lows metabolic and molecular imaging of vas-
cular inflammation and atherosclerotic activity
[13].

Wearable devices and digital health

Wearable devices, including smartwatches and
biosensors, have gained prominence in cardiovascu-
lar diagnostics. These tools enable continuous mon-
itoring of parameters such as heart rate, rhythm ab-
normalities, and blood pressure. They also assist in
early detection of arrhythmias like atrial fibrillation,
which are associated with increased stroke risk [14].
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Artificial intelligence and machine learning

Artificial intelligence (Al) is transforming cardiovas-
cular diagnostics by analyzing large datasets to iden-
tify patterns and predict outcomes. Machine learning
algorithms are being integrated into imaging systems
to improve accuracy in detecting coronary artery dis-
ease, heart failure, and other conditions [15].

These diagnostic advancements, combined with
multidisciplinary approaches, are paving the way for
precision medicine, enabling earlier detection and
personalized treatment strategies to improve cardio-
vascular health outcomes.

Conclusion

Cardiovascular and arterial diseases remain leading
causes of global morbidity and mortality, posing sig-
nificant challenges to healthcare systems worldwide.
Despite their complex etiology, which involves ge-
netic, environmental, and systemic factors such as
inflammation and oxidative stress, recent advance-
ments in diagnostics, therapeutics, and preventive
strategies offer renewed hope for mitigating their bur-
den.

Innovations in nanotechnology, high-sensitivity
biomarkers, and advanced imaging techniques have
significantly improved early detection and risk strat-
ification, while wearable devices and Al-driven tools
have enhanced continuous monitoring and diagnos-
tic precision. These advances enable earlier interven-
tions and personalized treatment plans tailored to in-
dividual patient profiles.
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