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a b s t r a c t

Hypertension is one of the most common morbidities in COVID-19. Previous studies demonstrated that
hypertension increases composite poor outcomes in patients with COVID-19. Beta-blockers is widely
used as one of the most common antihypertensive agents. Beta-blockers may hold potential benefits in
COVID-19 treatment, with current evidence of the potential mechanism of beta-blockers remains scarce.
However, several mechanisms were suggested, including decreasing RAAS pathway activity and lowering
the ACE2 levels, reducing cytokine storms, and may be beneficial in reducing mortality in ARDS related
COVID-19. Further large-scale randomized clinical trials should be conducted before a definite recom-
mendation can be drawn.
© 2021 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
COVID-19 currently causes not only health but alsomultisectoral
problems worldwide. SARS-CoV-2 as the cause of COVID-19 is
relatively identical to SARS-CoV and MERS-CoV in the way of re-
ceptor utilization in human infection. Angiotensin-converting
enzyme-2 (ACE-2) receptor was used by SARS-CoV-2 for cell en-
try after ligation of spike protein in infecting host. This receptor is
increased in patients with hypertension treated using renin-
angiotensin inhibitors, which could promote virus entry.1 Hence,
hypertension may become one of the most common morbidities in
COVID-19.2 Previous meta-analysis also demonstrated that hyper-
tension increases composite poor outcomes in patients with
COVID-19.3

Five major antihypertensive agent classes were well established
in the current guideline, including angiotensin-converting enzyme
inhibitor (ACEi), angiotensin receptor blocker (ARB), calcium
channel blocker (CCB), diuretic, and beta-blocker.4 Beta-blockers,
one of the most commonly used antihypertensive agents, are
widely used particles that can antagonize beta-adrenergic re-
ceptors, thus reducing the adrenergic tone of the cardiac muscle
and pacemaker cells.5
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In the COVID-19, adrenergic system regulation of the renin-
angiotensin-aldosterone system (RAAS) is crucial. Increased cate-
cholamine levels will activate the adrenergic system leading to
RAAS activation and an increase in ACE2, which promotes SARS-
CoV-2 entry and results in COVID-19's complications. In response
to the critically ill COVID-19, catecholamines will be increased, and
this vicious cycle continues.6 Use of beta2-agonist nebulizer and
norepinephrine in the setting of septic shock in COVID-19 may also
contribute to increased catecholamines levels. The use of inhaled
beta2-agonists should be avoided in the setting of ARDS, as
mentioned before.7 Nebulizers of beta2-agonists may increase the
expression of ACE2 in the alveolar epithelial cells, which may
facilitate SARS-CoV-2 and worsen the condition.6

A retrospective multicenter cohort study by Chouchana et al8

evaluating effects of several antihypertensive agents on in-
hospital mortality of COVID-19, with at least 30 days follow up,
reported that risk of mortality was lower in CCB (aOR: 0.83, 95% CI:
0.70e0.99) and beta-blocker (aOR: 0.80 95% CI: 0.67e0.95). When
restricting the analysis to monotherapeutic antihypertensive
agents, the results of beta-blocker remain consistent (aOR: 0.67,
95% CI: 0.48e0.93). The authors hypothesize that beta-blocker ef-
fect may counteract deleterious sympathetic activation during the
cytokine storm and severe disease.8 Another multicenter retro-
spective study by Yan et al9 in elderly COVID-19 patients, also
showed beta-blocker use was associated with decreased mortality
(aOR: 0.496, 95% CI: 0.268e0.919) and dyspnea (aOR: 0.792, 95%CI:
0.64e0.981). Multivariate analysis in a study by Pinto-Sietsma
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et al10 showed beta-blocker use was associated with a milder
course after admission.

Current evidence of potential mechanism of beta-blockers in
COVID-19 remains scarce. However, several mechanisms were
suggested. First, beta-blockers can negatively block SARS-CoV-2
entry gate through regulation on the juxtaglomerular cells in kid-
neys, decreasing RAAS pathway activity and lowering the ACE2
levels.5 Beta-blockers reduce renin level by inhibiting the sympa-
thetic system and decreasing angiotensin II, which has a detri-
mental effect on the cardiovascular system. Compared to ARB and
ACEI, beta-blockers benefit by acting on upstream renin, decreasing
the activity of both arms.6 Therefore, beta-blockers not only reduce
the ACE2 receptors but also decrease angiotensin II levels. Similar to
ACE2 receptor, cluster of differentiation 147 (CD147) was thought to
facilitate SARS-CoV-2 entry.5 Previous study showed that pro-
pranolol triggers downregulation of CD147.11 Hence, beta-blockers
treatment will reduce SARS-CoV-2 entry by both ACE2 and CD147
down regulation.

Activation of beta-adrenergic receptors contributes to inflam-
matory cytokine secretion. Therefore, beta-blockers may be able to
reduce cytokine storms in COVIDe19. Beta-blockers have been
shown to reduce a variety of pro-inflammatory cytokines, including
IL-6, IL-1, IL-1b, tumour necrosis factor-a (TNFa), T helper 17 (Th17),
and interferon-g (IFNg).6,12 IL-6 also plays an essential role in the
MUC5AC and MUC5B gene expression and increased mucus
secretion, alleviated by beta-blockers.6 In addition, in the in vivo
mouse model of NLRP3-associated peritonitis, carvedilol has been
reported to inhibit NLRP3 inflammasome.13 Hence, inhibition of
NLRP3 inflammasome decreases inflammation by reducing the
NLRP3 downstream effectors IL-1 and IL-8.

Beta-blockers may be beneficial in reducing the mortality of
ARDS in COVID-19. BASELeIIeICU study by Noveanu et al14 re-
ported that established beta-blocker therapy was associated with
decreased mortality in patients with acute respiratory failure
admitted to intensive care units. The observed effect might be
explained by myocardial infarction protection and malignant ven-
tricular arrhythmias prevention, which may lead to fatal pump
failure.14 Vasanthakumar, in a hypothesis article, also suggests that
Propranolol or Prazosin can be administered to decrease or prohibit
pulmonary edema in COVID-19.6 A recent pilot trial by Clemente-
Morag�on et al (MADRID-COVID) demonstrated that intravenous
administration of the metoprolol to critically ill COVID-19 patients
with ARDS safely reduced lung inflammation associated with the
disease. Compared with no treatment, metoprolol administration
also resulted in better oxygenation and fewer days on invasive
mechanical ventilation and intensive care unit. The authors suggest
that metoprolol repurposing for ARDS treatment in COVID-19 pa-
tients is a safe and inexpensive strategy with the potential to
improve outcomes.15

Furthermore, administration of norepinephrine in septic shock
may further worsen COVID-19 condition due to increased cate-
cholamine levels. Previous study showed that beta-blockers are
safe and effective in sepsis or septic shock.16 Therefore, the use of
beta-blockers or in combination with norepinephrine and COVID-
19 related sepsis or septic shockmay also hold promising outcomes.

Hypercoagulable state, a prevalent coagulation disorder in
COVID-19, is known to be linked with adrenergic hyperactivation.
Previous studies showed beta-blockers’ role in reducing hyper-
coagulation parameters and preventing thrombosis complications
in both animal and human models.17e19 Propranolol demonstrates
decreased sustained elevated FVIII:C concentration in patients with
venous thromboembolism.18

In COVID-19 patients on extracorporeal membrane oxygenation
(ECMO), beta-blockers may improve the oxygenation level. A study
by Bunge et al20 reported use of beta-blockers, using primarily
758
metoprolol, in patients with hypoxemia on V-V ECMO was safe and
associated with a moderate increase in SaO2. In patients with
hyperdynamic circulation, beta-blockers may reduce the amount of
blood that the extracorporeal membrane would not oxygenate,
reduce the intra-pulmonary shunt, and yield some myocardial
protection.20

Last but not least, cardio-selective beta-blockers are well-
established agents in arrhythmia treatment and are a potential
therapy in the management of QT prolongation due to COVID-19
therapies, which may include QT-prolonging drugs: azithromycin,
chloroquine, and quinolone.5

In conclusion, beta-blockers may hold potential benefits in
COVID-19 treatment, especially in hypertensive patients. None-
theless, which specific beta-blocker agent works better in COVID-
19 also needs to be defined. Furthermore, these beta-blockers'
potentially essential therapeutic properties emphasize the need for
expedited large-scale randomized clinical trials before a definite
recommendation can be drawn.
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