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RESUMEN

La hipertensión arterial (HTA) se ha identificado como 
uno de los principales factores de riesgo de eventos car-
diovasculares como el ictus y el infarto de miocardio. Para 
entender la fisiopatología de la hipertensión arterial y otras 
enfermedades que afectan al sistema cardiovascular, es 
necesario comprender cómo se producen. En este artículo 
se analizan los elementos fisiopatológicos que conducen a 
la HTA, incluida una discusión sobre la rigidez arterial, 
así como los componentes biofísicos y hemodinámicos que 
conducen al mantenimiento y al aumento de los niveles de 
presión arterial sistémica en los adultos. También se analizan 
los componentes humorales que regulan la presión arterial 
y que, cuando están desregulados, desempeñan un papel 
fundamental en la fisiopatología de la HTA.

ABSTRACT

High blood pressure (HBP) has been identified as a major risk 
factor for cardiovascular events such as stroke and myocardial 
infarction. To understand the pathophysiology of high blood 
pressure and other diseases which affect the cardiovascular 
system, it is necessary to understand how they occur. Here, 
we discuss pathophysiological elements which lead to HBP 
including a discussion on arterial stiffness, as well as the 
biophysical and hemodynamic components which lead to the 
sustenance and increase in systemic blood pressure levels in 
adults. We also discuss humoral components which regulate 
blood pressure and which, when dysregulated, play a pivotal 
role in the pathophysiology of HBP.
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ARTERIAL STIFFNESS

Arterial stiffness is the discipline that arises to 
help understand the relationship between the 
mechanics of continuous media in the arterial 
wall and that of the fluids contained by them. 
For this it is necessary to know the composition 
of the arterial wall, which in turn has:

1.	 Solid components: extracellular matrix, 
collagen fibers and elastin.

2.	 Liquids: water, mucopolysaccharides and 
glycoproteins.

3.	 Interaction with external, internal and 
neurohumoral stimuli, mainly mediated 
by blood flow, which is a viscous fluid and 
conditions that vary cyclically according 
to the cardiac cycle. In addition to the 

INTRODUCTION

For the last 70 years, high blood pressure 
(HBP) has been extensively studied and 

identified as major risk factor for cardiovascular 
events such as stroke and myocardial infarction. 
However, oftentimes we make the mistake of 
setting our goals only on lowering blood pressure 
levels and because of this, our knowledge 
regarding this pathology and its consequences 
is limited. To understand the pathophysiology 
of high blood pressure and other diseases which 
affect the cardiovascular system, it is necessary 
to understand how they occur. Thus, it is of vital 
importance to understand the neurohumoral 
systems involved in its regulation, as well as 
the physical and mechanical characteristics of 
its different components.
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cyclical variation that arteries face, they 
also present changes in their structure over 
time, both due to associated physiological 
and pathological conditions.

Arterial behavior also presents variations 
according to the caliber and arterial wall 
composition. In physiological conditions we 
can divide the arterial tree into arteries of 
large, medium, and small caliber, according to 
their caliber.

1.	 Large -cal iber  arter ies  have as  a 
characteristic the ability to distend and 
comply to the challenges that arise due to 
cardiac activity.

2.	 Small caliber arteries act dissipating the 
energy and those of medium caliber with 
an intermediate function between both.1,2

Each of these types of arteries is responsible 
for carrying out a different function to guarantee 
blood flow to the organism.

1.	 Conduction: to channel blood from the 
heart to the capillaries. This function is 
carried out mainly by the large and medium 
caliber arteries.

2.	 Pressure reservoir: the ventricular systole 
and the pulsatile wave that it produces, 
generates a significant distension of the 
walls of the large-caliber arteries. During 
diastole, the elasticity that characterizes 
these arteries causes their diameter to 
return to normal, driving blood content 
in the distended artery in an antegrade 
direction. Thus, large-caliber arteries 
function as a reservoir for the volume and 
kinetic energy generated by the left ventricle 
during systole.

3.	 Regulation of volume and blood flow: this 
function corresponds to medium caliber 
arteries and arterioles. The high content 
of muscle fibers in these arteries allows 
the regulation of the arterial diameter 
according to the muscle tone that is present, 
either vasodilation or vasoconstriction. This 
function is tightly regulated by different 
neurohumoral factors.

4.	 Dampening of pulsatility: the cardiac 
cycle generates pulsatility with a significant 

variation between systolic and diastolic 
pressure. Arterioles are responsible for 
dampening this variation, functioning as 
sphincters which regulate blood flow to 
the capillary bed, thus favoring continuous 
capillary flow and pressure during systole 
and diastole.2

Aging produces functional and structural 
changes in the arterial system characterized 
primarily by the substitution of elastin for fibrin 
and collagen, causing originally elastic arteries 
to become rigid and non-compliant. This leads 
to changes in the interaction between the 
heart, blood and several organs which are more 
susceptible to these variations. This pulse wave 
represents the transmission of energy through 
a fluid (plasma) without necessarily implying 
a massive movement of this fluid. Energy is 
transmitted through an elastic tube (blood 
vessel), and the resulting pulse wave represents 
the interaction between the energy applied to 
the fluid, the characteristics of the blood, and 
of the blood vessel.3

Structural changes produced by aging also 
modify the pulse wave. Recently, the value of 
pulse wave velocity (PWV) has been associated 
to changes produced by aging, where an 
increase in PWV has a direct relationship with 
aging. Measurement of PWV is accepted as the 
simplest, non-invasive, robust, and reproducible 
method to determine arterial stiffness. Carotid-
femoral PWV (cfPWV) is a direct measure and 
corresponds to the widely accepted propagative 
model of the arterial system and as the gold 
standard for PWV measurement. Of the 
different methods that assess arterial stiffness, 
cfPWV is considered the gold standard, due 
to its easy determination, reproducibility and 
high reliability, in addition to having evidence 
of its association with cardiovascular disease 
and mortality independent of traditional 
cardiovascular risk factors.4-6

Studies such as these have supported the 
inclusion of cfPWV as one of the markers 
considered to be equivalent to subclinical organ 
damage since the 2013 European guidelines 
for HBP. Elevated cfPWV (≥ 10 m/s) is a marker 
of arterial stiffness that due to its correlation 
with mortality and major cardiovascular events 
independent of traditional risk factors. cfPWV is 
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currently considered the gold standard to assess 
arterial stiffness and the equivalent of HBP-
mediated organ damage, which is especially 
relevant in patients with low and intermediate 
cardiovascular risk.

RENIN-ANGIOTENSIN-ALDOSTERONE SYSTEM 
(RAAS) AND HIGH BLOOD PRESSURE

The RAAS is responsible for the regulation 
of BP, electrolyte balance and extracellular 
fluid. RAAS activation is a body defense 
system, which is preferentially activated in the 
presence of hypoperfusion, hyponatremia, 
sympathetic system activation and tissue 
damage. Dysregulation of the RAAS can lead 
to HBP, electrolyte disbalance, proliferation, 
fibrosis, apoptosis, thrombosis, fibrinolysis, 
and systemic inflammatory activity.7,8 The 
traditional concept of RAAS changed radically 
in recent years, with the expression of tissue 
components becoming increasingly important 
in the genesis of tissue damage. Pro-renin, 
previously considered an inactive component 
of the system, seems to regulate the expression 
of the renin gene itself and of other components 
of the RAAS, highlighting the link between the 
RAAS and the natriuretic peptide system.9 The 
harmful effect of the over-expression of RAAS 
components in the genesis and progression of 
organ damage in HBP and diabetes mellitus is 
incontrovertible.10

Another  factor  s t rongly  l inked to 
neurohumoral alterations is endothelial 
dysfunction. Vascular aging/damage reduces 
its vasodilator and antithrombotic capacity 
and increases oxidative stress and the presence 
of inflammatory cytokines which favor 
hypertrophy, atherogenesis and thrombosis. 
Clinical and experimental studies show that 
nitric oxide (NO) depletion is a key factor in 
endothelial dysfunction and the genesis of 
cardiovascular disease. Endothelial nitric oxide 
synthase (eNOS) is the enzyme responsible for 
producing NO from L-arginine in the presence 
of its co-factor tetrahydrobiopterin (BH4). The 
uncoupling between it and its co-factor BH4, 
decreases NO production and increases the 
production of pro-oxidant factors, which leads 
to chronic inflammation and increases NO 
degradation.11

SARS-CoV-2 AND HIGH BLOOD PRESSURE

The SARS-CoV-2 virus appears to employ 
receptor recognition mechanisms like those 
used by other coronaviruses. The spike protein 
of the coronavirus facilitates the entry of the 
virus into cells and increases expression for 
the angiotensin-converting enzyme 2 (ACE-
2) as an entry receptor. The efficiency with 
which the virus binds to ACE2 is decisive for its 
transmissibility. Key mechanisms which may play 
a role in the pathophysiology of multiorgan injury 
secondary to SARS-CoV-2 infection include:

1.	 Direct viral toxicity.
2.	 E n d o t h e l i a l  c e l l  d a m a g e  a n d 

thrombo/inflammation.
3.	 Dysregulation of the immune response.
4.	 Dysregulation of the renin-angiotensin-

aldosterone system. (RAAS).

Direct viral toxicity. Histopathological 
studies show organotropism of SARS-CoV-2 
beyond the respiratory tract, including the renal, 
myocardial, neurological, pharyngeal, and 
gastrointestinal systems. Furthermore, single-
cell RNA sequencing studies have confirmed 
the expression of ACE-2 and TMPRSS2 in the 
pulmonary alveolar epithelium.12

Endothelial cell damage and thrombo/
inflammation. Endothelial damage produced by 
the entry of SARS-CoV-2 into the cell mediated 
by ACE2 and the subsequent inflammation 
generate a prothrombotic environment, which 
is a significant pathophysiological mechanism 
in severe forms of COVID-19. ACE2 expression 
has been demonstrated in arteries and venous 
endothelium of various organs with increased 
thrombin production, inhibiting fibrinolysis and 
activating complement pathways, triggering a 
process of thrombosis and inflammation with 
microthrombi deposition and microvascular 
dysfunction.13

Dysregulation of the immune response.
Dysregulation of the RAAS. Recently, Carlos 

Ferrario, MD described the enzyme ACE2, a 
membrane-bound aminopeptidase, as a potent 
counter-regulator of the RAAS pathway. ACE2 
converts angiotensin I to inactive angiotensin 
1-9 and angiotensin II to angiotensin 1-7 
(decreasing the adverse ACE/AngII/AT1 axis), 
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which has vasodilatory, antiproliferative, and 
antifibrotic properties. Although the mechanism 
of infection and damage of SARS-CoV-2 may 
not be limited exclusively to pathways related 
to ACE2, this enzyme plays a very significant 
role in both the mechanism of infection 
and damage, as well as many of the clinical 
manifestations of COVID-19. Chen et al found 
a decrease in the degradation of angiotensin 
II especially when the balance between the 
ACE and ACE2 was disrupted in COVID-19 
patients. Increases in angiotensin II could lead 
to myocardial inflammation, oxidative stress, 
and myocyte apoptosis. This hypothesis explains 
why elevated blood pressure could occur in 
parallel with mild cardiac injury in COVID-19 
patients.14-16

LIPID DISORDERS, OBESITY, AND 
HIGH BLOOD PRESSURE

Whilst obesity is commonly seen as an increase 
in weight, it can be better conceptualized as 
a state of excess adipose tissue. Although it 
is not a direct measure of adiposity, the most 
used method to define obesity is the body-mass 
index (BMI), which is equal to the individual’s 
weight divided by height squared (kg/m2). A 
BMI > 30 kg/m2 is commonly used as the 
definition of obesity. Obesity is considered 
to play a part in the etiology of HBP, where 
multiple pathophysiological mechanisms 
participate in its development. Mechanisms 
which link both obesity and HBP include 
insulin resistance, inflammation, oxidative 
stress, modified adipokine secretion (such as 
adiponectin and leptin), increased activity of 
the sympathetic nervous system, and the renin-
angiotensin aldosterone system. In obesity, 
when excess triglycerides exceed the storage 
capacity of peripheral adipocytes, these are 
stored in liver, skeletal muscle, and visceral 
adipocytes. This abnormal accumulation of 
triglycerides is associated with insulin resistance 
in the liver and muscles, leading to ectopic 
fat deposition.

The adipocyte was considered for a long 
time only as a fat depot, but recent evidence 
highlights it also as an endocrine cell, which 
secretes several hormones which together 
are known as adipokines. Notably, some of 

these adipokines are related to endothelial 
dysfunction and cardiovascular risk (Table 1).

Excess free fatty acids which are present in 
obesity directly cause endothelial dysfunction, 
in addition to inhibiting glucose-stimulated 
insulin release, which can lead to progressive 
β-cell dysfunction in susceptible individuals 
and even sometimes to apoptosis. TNF-α 
is a cytokine produced by adipose tissue, 
most commonly by infiltrating macrophages, 
which directly suppresses insulin signaling 
by increasing serine phosphorylation on 
insulin receptor substrate 1 (IRS-1), thereby 
decreasing insulin receptor kinase activity 
leading to insulin resistance, in addition to 
being a proinflammatory factor related to 
atherosclerosis.17

Increased plasminogen activator inhibitor-1 
(PAI-1) values are associated with antifibrinolysis 
while increased angiotensinogen concentration 
together with an increased activity of the 
RAAS is related to the appearance of HBP.18 
Obstructive sleep apnea, which is extremely 
common in obesity, also causes sympathetic 
stimulation, further contributing to elevated 
blood pressure in this patient population.17 The 
combination of enhanced sympathetic nervous 
system activity and RAAS activity in obesity 
also causes impaired natiuresis, increased 
renal sodium reabsorption, and extracellular 
volume expansion, further propagating the 
development of HBP in obesity.
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