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Abstract. Hypertension is a multifactorial chronic non-communicable disease that plays a

worldwide role in death and disability. It is known to induce significant damage in its target
organs. The aim of this paper was to cover cardiac remodeling in hypertension, centralizing the

effects of hypertension in the heart: myocardial hypertrophy, fibrosis and vasculature changes. It

was observed that, in hypertension, a myriad of factors contribute to cardiac remodeling and its

progression to several dysfunctions and different types of heart failure.
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1. Introduction

Hypertension (HTN) is a worldwide burden. It was
verified that elevated systolic blood pressure (SBP)
was accountable for the largest number of all-death
mortality from 1990 to 2017 [1]. Also, in 2017,
elevated SBP was the most expressive risk factor
contributing to death and disability globally [1]. It is
a multifactorial chronic non-communicable disease
characterized by sustained high blood pressure, i.e.,
SBP and diastolic blood pressure (DBP) measuring
140 mmHg or higher and/or 90 mmHg or higher,
respectively, measured with the correct technique in
two different instances and without the use of
antihypertensive medications [2]. As mentioned,
many people are affected by HTN throughout the
world, as the total number of men and women aged
30-79 with hypertension doubled from 1990 to
2019, reaching almost 1.3 billion of people, with a
mean prevalence of 33% in 2019 [3].

HTN can lead to severe pathological conditions in its
target organs, which are the heart, brain, kidneys and
arteries. Highlighting the heart, it is stated that the
lifespan risk of twelve cardiovascular diseases at 30
years old is higher in hypertensive individuals
compared to normotensive individuals [4], showing
its deleterious effects on the heart.

Cardiac remodeling in HTN is a consequence of
chronic pressure overload, where the myocardium
has its structure and function affected, leading to
diverse maladaptations. The aim of this paper is to
review the effects of hypertension on the heart,
focusing on hypertrophy, fibrosis and vasculature
changes.

2. Mechanisms of cardiac
remodeling in hypertension

2.1 Myocardial hypertrophy

According to Shimizu and Minamino [5], myocardial
hypertrophy manifests in two distinct forms:
physiological and pathological. Physiological
hypertrophy exhibits normal or enhanced cardiac
function with preserved structural integrity.
Pathological hypertrophy, however, is marked by
cardiomyocyte death, fibrotic remodeling and
reduced systolic and diastolic function, often leading
to heart failure. Thus, HTN is associated with
pathological hypertrophy.

Left ventricular hypertrophy (LVH), initially a
compensatory response to hemodynamic stress in
HTN, can ultimately contribute to various heart
failure syndromes[6]. The pathogenesis of LVH is
characterized by a complex interplay of mechanical
stress and humoral signaling, which converge to
activate regulatory mechanisms and transcription
factors [6]. Humoral factors, including insulin-like
growth factor-1 (IGF-1), transforming growth factor-
beta (TGF-f3), catecholamines, angiotensin II (Ang II),
endothelin-1 (ET-1) and inflammatory mediators,
are crucial drivers of LVH development and
progression [6].

According to Oktay et al [7], left ventricle remodeling
is influenced by both hemodynamic factors (high
blood pressure) and non-hemodynamic factors like
gender, ethnicity, obesity, diabetes, salt intake, and
genetics. The prevalence of LV geometric
abnormalities varies among hypertensive patients



due to the non-hemodynamic factors. The initial
stage of hypertensive heart remodeling often
involves concentric remodeling of the left ventricle,
along with septal bulge, delayed relaxation, and
hyperkinesis [6]. Later stages can involve mechanical
remodeling, characterized by myocardial
deformation and atrial dysfunction, and structural
remodeling, featuring eccentric LVH, reduced
ejection fraction and increased E/e’ ratio [6].

2.2 Fibrosis

Systemic HTN promotes progressive interstitial and
perivascular extracellular matrix (ECM) proteins
deposition, leading to increased myocardial stiffness
and subsequent diastolic dysfunction [8].
Perivascular fibrosis refers to the expansion of the
microvascular adventitia [8] and 1is strongly
associated with oxidative stress. According to
Gonzalez et al. [9], elevated blood pressure
correlates directly with myocardial interstitial
fibrosis. Mechanical stress induced by HTN triggers
fibroblast activation and differentiation into
myofibroblasts that release a profibrotic secretome.
Furthermore, chronic pressure overload promotes
both local and systemic release of inflammatory and
non-inflammatory cytokines, fibrogenic growth
factors, neurohormonal pathways and regulatory
epigenetic factors. These factors collectively
contribute to the development and progression of
cardiac fibrosis, ultimately impacting the heart's
mechanical, functional and electrical properties.

Furthermore, another form of myocardial fibrosis is
replacement fibrosis. Following myocardial
infarction, replacement fibrosis occurs, where dead
myocytes are replaced by a collagen scar [8]. This
scarring plays a major role in the development of
systolic dysfunction [8]. Importantly, hypertension is
a well-established risk factor for myocardial
infarction.

Characterized by augmented collagen deposition -
one of ECM proteins -, fibrosis is a prominent feature
in spontaneously hypertensive rats [10-12],
exhibiting elevated levels of interstitial collagen
types 1, III, and V within the left ventricle [12].
According to Berk et al. [13], the enhanced collagen
accumulation in hypertensive subjects results from a
dysregulation between collagen synthesis and
degradation. In hypertensive conditions, ANG-II,
TGF-B1, ET-1 induce fibroblast differentiation into
myofibroblasts, which amplify the profibrotic state
of the heart [13]. Matrix metalloproteinases (MMPs),
crucial for physiological ECM remodeling, are
subjected to altered regulation in hypertensive heart
disease [13]. Specifically, myofibroblasts disrupt the
balance between MMPs and tissue inhibitors of
metalloproteinases (TIMPs), which are essential for
ECM homeostasis, thereby promoting fibrosis,
myocardial stiffening and compromised cardiac
function [13]. Moreover, proinflammatory cytokines
such as tumor necrosis factor-a (TNFa), interleukin-
1 (IL-1) and interleukin-6 (IL-6) contribute to
fibroblast differentiation  [14]. Additionally,

oxidative stress enhances TGF-B1 expression,
augmenting myofibroblast activation and collagen
synthesis [15]. Furthermore, collagen cross-linking, a
process of collagen fiber assembly, is significantly
increased in HTN, contributing to the overall fibrotic
burden [16].

2.3 Changes in cardiac vasculature

Endothelial dysfunction (ED), a critical pathological
state, is defined by a triad of compromised
vasodilation, persistent proinflammatory
environment and heightened prothrombotic
tendencies [17]. ED is present in HTN [18, 19]. These
characteristics are closely linked to hemodynamic
forces, notably oscillatory flow, which has been
demonstrated to suppress endothelial nitric oxide
synthase (eNOS) expression, thereby diminishing
vasorelaxation [20]. Furthermore, oscillatory flow
promotes leukocyte infiltration, smooth muscle cell
proliferation and the release of proinflammatory
mediators, collectively contributing to
vasoconstriction and exacerbating the dysfunctional
state [20]. A key driver of endothelial dysregulation
is the generation of reactive oxygen species (ROS)
[21]. NADPH oxidase, a principal enzymatic source of
ROS, is activated by diverse stimuli, including
aberrant shear stress patterns, the renin-angiotensin
system and endothelin signaling, thus establishing a
complex interplay between hemodynamic forces,
hormonal pathways and oxidative stress in the
pathogenesis of endothelial dysfunction [21].

ED can influence the development of coronary artery
remodeling [22]. It is a pathology linked to HTN and
is characterized by increased coronary resistance,
reduced coronary flow reserve and structural
changes, including vascular wall thickening and
luminal narrowing [22, 23].

Essential HTN is widely associated with increased
peripheral resistance, making capillaries undergo
persistent damage, causing accumulation of ROS
[24]. This gradually leads to attenuated functional
hyperemia and electrical signaling, functional
rarefaction [25] - where capillaries are unable to
conduct blood - and anatomical rarefaction, where
the death of endothelial cells leads to decreased
capillary density (CD) [26], which causes diminished
blood perfusion, leaving the tissue susceptible to
ischemia [24].

Vascular endothelial growth factor (VEGF) is a
protein that stimulates angiogenesis in various
tissues, having a direct effect on CD [27-30].
Spontaneously Hypertensive Rats (SHR) are a widely
studied animal model of essential HTN and showed
lower left ventricle (LV) CD when compared to
normotensive rats [10, 31, 32], and lower VEGF
levels in LV when compared to normotensive rats
[31].

3. Conclusion



Hypertension's diverse factors, including mechanical
stress, regulatory mechanisms, transcription factors,
hormonal pathways, and oxidative stress,
significantly contribute to cardiac remodeling. This
remodeling results in reduced systolic and diastolic
function, various heart failure types, myocardial
stiffness and decreased blood perfusion. Ultimately,
myocardial function, electrical and mechanical
properties are affected.

4. Limitations

Deficient workload management, due to personal
issues, led to a rushed research and writing.
Considering that, this paper offers some limitations:
it is a narrative literature review, which lacks the
systematic methodology that is able to minimize
selection bias, a characteristic of systematic reviews
and meta-analyses; this paper heavily relies on
animal models of hypertension to relate to human
pathology, and these models may not fully replicate
human physiology and disease progression; while
mechanisms are well explained, this paper fails to
bring insight on how those could be translated to
clinical interventions or therapies to prevent or
reverse cardiac remodeling.
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