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Abstract

A new strain of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) induces coronavirus disease
2019 (COVID-19), a contagious respiratory disorder resulting in illness. Meanwhile, the World Health Organization
classified this virus as a pandemic due lo its rapid transmission and daily growing fatalty rates. The condition is
commonly manifested as clinical symptoms such as fever, cough, shortness of breath, and cardiovascular disease
Although there is a high probability of COVID-19 patients developing cardiovascular problems, such as hypertension,
there is no established causative association between both conditions. In general this type of comorbidity is
extremely common in the elderdy, which [noreases their risk of infection with the SARS-CaV-2 virus. The International
Society of Hypertension issued the mcﬁreoent guidelines for the treatment and management of hypertension in
2020, of which the mast employed are angiotensin-converting enzyme inhibitors (ACE-i) and angiotensin receptor
blockers (ARB). Therefore _this research aims to investigate the treatment of ACE-IARB in hypertensive individuals
with COVID-19. The reaso‘s that there have been some concerns expressed about the usage of these medications
due to their influence on angiotensin-converling enzyme 2 (ACEZ2), which is the entrance site for SARS-CoV-2,
particularly in the lungs. Subsequently, the results showed that discontinuing ACE-/ARB is not advised, especially
during the pandemic. This is based on data comparing mortality rates between participants on ACE-/ARB and those
not on ACE-I/ARB using cases and guidelines for managing hypertension during the pandemic.
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Introduction

Severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) is a viral pathogen that
ind@es respiratory tract illnesses, and it is also known
as coronavirus disease 2019 (COVID-19). This virus
was initially identified in Wuhan, China, and 200
countries suffer within a few months. Furthermore,
it infects the respiratory system and spreads swiftly
through droplets and direct contact [1]. Therefore, the
World Health Organization (WHO) labeled it a global
pandemic, most notably for its rapid spread.

The first incidence of the virus in Indonesia was
discovered in early March 2020. Recently, the number of
cases continually increases by the day [2]. Consequently,

Indonesia is at a high risk of disease prevalence and
rapidly growing mortality and morbidity rates.

COVID-19 disease is worsened by
comorbidities, making it easier for the virus to damage
the body. One of the most common morbidities that
interact with this virus is hypertension [3]. Several
research have shown a two-fold increase in the death
rates of hypertensive patients with COVID-19 [4]. This
is because this illness is very common among the
elderly, who are also at a higher risk of contracting
the SARS-CoV-2 virus. Although it remains unknown
whether hypertension is a risk factor for the virus, blood
pressure control remains an important consideration in
reducing burdens associated with the disease.

Hypertension management is continuously
developed, with wvarious guidance options from
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Figure 1: Pathophysiology Interaction of the Renin-Angiotensin
Aldosterone  System with Cardiac an. Kidney Disorders.
CHF=Congestive heart failure, ACE-i=Angiotensin-converting
enzyme inhibitor, ARB=Angiotensin |l receptor blocker, ATR
1=Angiotensin | receptor

numerous agencies or clinician/professional
associations. For example, the International Society
of Hypertension issued new guidelines for assessing
hypertension management in 2020. According to
these guidelines, diagnosis is made when a person’s
systolic blood pressure is about 140 mm Hg or higher
as well as diastolic blood pressure of 90 mm Hg or
higher, with repeated examinations [5]. Individuals
are more likely to have hypertension if their blood
pressure is measured at 140/90 or higher after
2-3 times. The term “normal high blood pressure”
was established to characterize individuals who
are likely to benefit from lifestyle interventions with
pharmacological treatment, assuming the indication
for hypertension is strong. Angiotensin-converting
enzyme inhibitors (ACE-i) remains the first line of
pharmacological therapy in hypertensive patients
with various comorbidities. Conversely, Angiotensin
Il angiotensin receptor blockers (ARB) blocks the
actions of the enzyme angiotensin Il in patients,
and it is used in patients who can not tolerate ACE-i
therapy. This could be due to an ACE-i-induced cough
or angioneurotic edema, in which case ARB therapy
would be more appropriate and recommended as an
alternative.

Hypertension

Hypertension is the most prevalent and
important risk factor for atherosclerotic cardiovascular
disease, and it is correlated with complications of
the microvasculature. This disease affects about 1.4
billion people worldwide, with most cases reported in
low- and middle-income countries [6]. According to
global data, one out of every four men and five women
suffers from chronic hypertension, which causes huge
death of death worldwide. Furthermore, more than 7.8

million people die from this disease each year, and
approximately 140,000 million people suffer from
hypertension-related disorders caused by an increase
in systolic pressure >140 mmHg [7].

The organs of the body that are closely
associated with hypertension are the kidneys and
the heart. In general, the kidneys require a good
blood circulation system in filtering electrolytes and
maintaining a balance of body fluids, performed by
the renin-angiotensin-aldosterone system (RAAS).
The kidneys and aids secrete renin in converting
Angiotensinogen to Angiotensin | and then to
Angiotensin Il. These enzymes elevate blood pressure
by causing vasoconstriction of blood vessels in the
heart and interfering with Aldosterone produced by
the adrenal glands in the renal cortex to increase salt
reabsorption (Figure 1).

High blood pressure makes it difficult to
flow through small vessels, preventing kidney cells
from receiving enough oxygen to function properly.
This disrupts blood flow to the heart and kidneys,
resulting in a decline in kidney function until the
kidneys no longer function. Therefore, the use of
antihypertensives, such as ACE-i and ARB, can
block the action of angiotensin and help control blood
pressure. In various research, ACE-i/ARBs in patients
with a history of myocardial infarction and heart failure
have been shown to reduce mortality compared to
placebo [8], [9].

Use of ACE-l and ARB in COVID-19

Clinicians and researchers have conducted
extensive research on ACE-i and ARB in hypertensive
patients with COVID-19. Based on these findings, it
is known that coronaviruses use ACE2, a membrane-
bound aminopeptidase widely exposed in the lung,
heart, and vascular tissue, as a functional receptor for
cell infiltration [10].

ACE-i inhibits angiotensin | to Il conversion
by ACE, preventing Angiotensin Il from binding to
Angiotensin | and 2 Receptors (ATR 1 and ATR 2).
ATR 1 constricts smooth muscle blood vessels
and increases aldosterone levels, resulting in salt
reabsorption in the tubules [7], [11]. Therefore, ARBs
inhibit ATR 1 and lower the blood pressure through the
renin-angiotensin system (RAS), as shown in Figure 2.

Theories on the association between
increased ACE2 expression with ACE-/ARB and the
risk of SARS-CoV-2 infection or the severity of COVID-
19 are still debated. However, several reports indicate
that the discontinuation of ACE-ifARB drugs in patients
increases the risk of complications and death [7].
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Figure 2: Diagram of the renin-angiotensin system (RAS) and the
action and site of movement of the effects of ACE anc.ngforensm
Il receptor inhibitors (ARBs) in blood vessels. ACE=Angiotensin-
converting enzyme, ARBs=Angiotensin Il receptor blockers,
ATR 1=Angiotensin | receptor |, ATR 2=Angiotensin Il receptor

Hypertension and use of ACE inhibitors in
COVID-19

ACE2 is a significant RAS segment secreted in
the lungs, particularly on the surface of type 2 alveolar
epithelial cells. Other areas where this enzyme can be
expressed include the upper esophagus, enterocytes
in the terminal part of the small intestine (leum) as well
as the colon (large intestine), epithelial cells in the bile,
cardiac muscle, proximal tubular cells of the kidney, and
urothelial cells in the bladder [12]. The enzyme ACE?2 also
functions as a SARS-CoV-2 receptor to enter host cells
and previously reported SARS-CoV. The affinity of SARS-
CoV-2 for ACE2 is 10-20 times greater than that of SARS-
CoV, explaining its greater transmissibility. The excited or
spike protein is bound to ACE2 with the help of the enzyme
Transmembrane Protease Serine 2 (TMPRSS2), making it
easier for the virus to enter, replicate, and transmit between
cells [6], [13]. Furthermore, TMPRSS2 and human airway
trypsin-like protease can cleave and activate the SARS-
CoV spike protein (S) for membrane fusion [14]. These
proteases can also cleave the viral receptor from the
carboxypeptidase ACE2, which increases viral infectivity.
In addition, the binding of ACE2 contributes to viral invasion
because it collaborates with TMPRSS2 to aid viral entry.
TMPRSS2 was found to compete with the metalloprotease
ADAMTS17 (a disintegrin and metalloproteinase with
thrombospondin motifs, 17) for ACE2 processing, but
cleavage by TMPRSS2 occurred in augmented SARS-
S-driven entry. Also, ADAMTS17 reduces viral activity by
preventing TMPRSS2 from binding to ACE2 and making
ACE2 more soluble, as shown in Figure 3.

ACEZ2 is an essential element that counters
the regulatory function of the RAS. It is approximately
60% similar in structure to ACE and binds to the Mas
receptor in converting angiotensin Il (Ang Il) to Ang-
(1- 7). The Mas receptor is shown on various cell
lineages in several cardiovascular disease-relevant
tissues, such as type 2 alveolar epithelial cells [15].
Furthermore, ACE decreases blood pressure slightly
through vasodilation, stimulation of sodium and water
excretion in the kidneys, and attenuation of inflammation

through nitric oxide production. This effect is the direct
opposite of the conversion by ACE to Ang Il in which it
acts on the angiotensin type 1 receptor (ATR1) to raise
blood pressure by inducing vasoconstriction, enhancing
sodium and water reabsorption by the kidneys, as well
as oxidative stress, inflammation and fibrosis [15].

ACE-i works by preventing angiotensin 1 from
being converted to angiotensin 2, which is a powerful
vasoconstrictor. Inhibition of angiotensin 2 causes
blood vessels to dilate and also decreases aldosterone
secretion. Therefore, ACE-i plays an essential function
in the RAS in maintaining kidney and heart function [15].
The elements of both RAS pathways are found in
most human tissues and organ systems. Also, they
have paracrine and autocrine functions. The balance
between these pathways discovers the ability of tissue
injury to occur in response to a stimulus, particularly in
the heart and kidneys [16], [17].
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Figure 3: ACEZ2 works in binding to wviral invasion, with TMPRSS2
assisting virus input through ACE2. ADAMTS17 helps reduce
viral activity by blocking the binding of TMPRSS2 to ACEZ
and making ACEZ2 more soluble. S71 pmotein=Virus Spike
Protein, SARS—CO. acute respiratoty  syndrome

2=Severe
corona virus 2, ACEZ2=Angiotensin- converting enzyme 2,

TMPRSS2=Transmembrane protease sefine 2, ADAMTS17=ADAM
metallopeptidase  with  thrombospondin  type 1 molif 17,
s-ACE2=8oluble Angiotensin-convetting enzyme 2

Juxtaglomerular  afferent arteriolar cells
synthesize a protein that aids in the action of renin,
which converts angiotensinogen produced by the
liver into Ang |. Furthermore, ACE converts the Ang |
molecule to Ang I, which causes vasoconstriction and
increases blood pressure resulting in hypertension.
Ang Il also stimulates the adrenal cortex and pituitary
gland, leading to Aldosterone and anti-diuretic
hormone (ADH). Subsequently, Aldosterone stimulates
sodium, chloride, and water reabsorption but excretes
potassium via the activity of internal mineralocorticoid
receptors. Conversely, ADH stimulates the synthesis
of aquaporin-2 channels in the collecting duct, thereby
increasing water reabsorption. This interaction between
ANG Il and Aldosterone has the potential to aggravate
heart function. ACE-l can prevent this by reducing
ANG Il and Aldosterone activity, as shown in Figure 4.

The rapid and progressive spread of the
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pandemic has influenced the health of thousands of
people, strained national healthcare systems, and had
a significant impact on worldwide economic security. In
addition, the higher rate of SARS-CoV-2 transmission
associated with a higher risk of death, particularly due to
acute respiratory distress syndrome, distinguishes this
disease from influenza (ARDS). According to preliminary
research, respiratory failure is the leading cause of death
from COVID-19, especially in the elderly and those with
endangered immune systems. Many of these patients
have cardiovascular pathologies, such as congestive heart
failure and cardiorespiratory medullary heart dysfunction.
Cardiovascular complications and the focus on ACEZ2 as
a co-receptor for SARS-CoV-2 and the association of
ACE and ACE2 elements of the RAAS with SARS-CoV-2
have stimulated curmrent perspectives on drug use certain
cardiovascular events during the pandemic [18].

The Entry of SARS-CoV-2

Two hypotheses were developed concerning
the use of ACE-i and ARB hypertension drugs during
the pandemic. The first hypothesis proposed that
improved activity of ACE-Ang Il compared to ACE2-
Ang-(1-7) caused acute lung injury in SARS-CoV-2
and COVID-19 cases since SARS-CoV-2 enters cells
by binding to ACE2, as shown in Figure 3. Therefore,
the addition of ACE-i or ARB increases ACE2 and a
concomitantincrease in viral entry. This raises questions
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about using ACE-i and ARBs, prescribed to millions of
patients globally, since they may enhance the risk of
more severe SARS-CoV-2 COVID-19 infections due to
the ACE2 function [19].

ACE-l and ARB Reduce Lung Injury

The second hypothesis of this study
demonstrated that ACE-l and ARB administration
reduces the risk of Ang Il-mediated acute lung injury by
blocking ATR1, which also reduces inflammation and
pulmonary fibrosis [15].

According to the most recent data and
research on the COVID-19 pandemic, ACE2 levels
are a double-edged sword since the enhanced
expression of ACE2 facilitates infection and increases
the risk of developing severe and fatal symptoms.
However, reduced ACE2 expression caused
pulmonary edema and decreased lung function,
which can be treated with recombinant ACE2 or
losartan. Therefore, higher ACE2 expression protects
against acute lung injury [20]. However, many public
health clinicians advise hypertensive patients to
continue taking ACE inhibitors, ARBs, or other renin-
angiotensin- aldosterone antagonists [21].

ACE-iand ARBs are used to treat hypertension,
CKD, proteinuria, and heart failure [11]. Meanwhile,
the consequences of stopping these medications
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Figure 4: The renin angiotensin aldosterone system pathway. ACE=Angiotensin-converting enzyme, ACE-i=Angiotensin-converting enzyme

inhibitor
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diverge depending on the situation. Furthermore, the
ESC guidelines on managing hypertension during the
pandemic state that discontinuing ACE-/ARB is not
advised [6].

ACE is also found in the proximal tubule
and glomerulus of the kidney. More so, an increase
in its amount results in vasoconstriction of the renal
vasculature, affecting fluid retention and inflammation of
the renal vasculature and causes an increase in blood
pressure. Therefore, hypertensive patients with kidney
disease are given ACE-| to help lower blood pressure
by decreasing vasoconstriction, water retention, salt
intake, cell proliferation, and reactive oxygen stress [22].
Angiotensin-converting enzyme inhibitors are used to
stop the rise in the levels of ACE.

Subsequently, the ratio of COVID-19 deaths
caused by ACE-i and ARBs is lower than in patients
who do not take ACE-i or ARBs. Other studies have
found no differences in disease progression or risk of
death while in the hospital. However, the use of ACE-i
and ARBs throughout the pandemic in response
to severe COVID-19 has been contradictory.
Still, most experts do not suggest stopping these
medications after long-term use, especially at this
time [23]. Furthermore, there were no differences in
comorbidities associated with hypertension or length
of hospital stay between ACE-i/ARB and non-ACE-i/
ARB patients [24].

Conclusion

Conclusively, there are still debates about
the risk of COVID-19 disease associated with the
treatment of hypertension using RAAS inhibitors
such as ACE-i or ARBs. Furthermore, stopping
treatment has negative effects and complications
for people with hypertension and COVID-19.
However, the clinician’s discretion is required to
determine whether ACE-i and ARB treatment should
be continued or discontinued in the development of
existing studies.
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