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The abundant scientific information on the COVID-19 pan-
demic we receive through academic publications and cor-
respondence, as well as through social media, is sometimes 
preliminary, incomplete, and contradictory. For this reason, 
it is dangerous to rush to interpret those early results. This 
could backfire and unwittingly feed a mistrust of the strin-
gent scientific method.

While fast dissemination of information in the form of 
commentaries and publications without prior review by 
experts has its merits in this state of emergency, erroneous 
results and recommendations find their way to the general 
population, frequently without the expertise to accurately 
assess the information presented. In this time of uncertainty 
and fear, it is difficult to remain objective and to critically 
evaluate the scientific merit of the available new information.

The peer review system by experts has been and needs to 
continue to be a pillar of scientific progress. It is important 
to point out that information from well-regarded previously 
published peer-reviewed publications on previously known 
Severe Acute Respiratory Syndrome (SARS) coronavirus is 
used as the basis to further explore the SARS-CoV-2 mecha-
nisms of infection and to search for novel therapies.

This Editorial intends to highlight recent reports of neu-
rological complications of COVID-19, to describe the pleio-
tropic protective properties of Angiotensin Receptor Block-
ers (ARBs) in multiple organs including the brain and the 
lung, to clarify contradictory recommendations regarding 
the present use of ARBs in patients affected with cardiovas-
cular and other illnesses that may later become COVID-19 
comorbidities, to describe the complexities of ACE2 on its 
dual role of SARS-CoV-2 receptor and as a major protec-
tive mechanism in lung injury, and to suggest future studies 
necessary to definitively determine the potential therapeutic 
value of ARB treatment in COVID-19 patients.

SARS‑CoV‑2 Injures the Brain

The SARS-CoV-2, responsible for the current coronavi-
rus disease COVID-19, not only affects the lung but also 
targets the nervous system. SARS-CoV-2 may reach the 
brainstem through a neural route from lung chemorecep-
tors, severely affecting the cardiorespiratory center (Li et al. 
2020a). This suggests that the acute respiratory failure in 
some COVID-19 patients may have a central origin (Li et al. 
2020a). SARS-CoV-2 may also injure olfactory nerve ter-
minals in the nasal cavity, explaining both the anecdotal and 
the recently published observations of associated decreased 
sense of smell in COVID-19 patients (Yeager 2020a; Rabin 
2020; Lechien et al. 2020). It is of note that olfactory deficits 
have been previously reported for several viral infections 
including coronavirus (Suzuki et al. 2007), and are charac-
teristic of neurodegenerative disorders such as Alzheimer’s 
and Parkinson’s diseases (Marin et al. 2018).

In addition, SARS-CoV-2 may reach the cerebral vas-
culature through the general circulation (Baig et al. 2020), 
breaching the blood–brain barrier and invading and injuring 
the brain parenchyma. SARS-CoV-2 may bind to its recep-
tor Angiotensin Converting Enzyme 2 (ACE2) expressed 
in endothelial cells of cerebral capillaries (Peña Silva et al. 
2012), and within the brain parenchyma in both neurons 
and microglia (Yamagata et al. 2020). Since the blood–brain 
barrier is disrupted in hypertension (Setiadi et al. 2018) and 
hypertension is a frequent comorbidity for COVID-19, these 
patients may have a higher risk of cerebral complications.

Initial reports confirm that cerebrovascular diseases are 
very frequent in patients affected by COVID-19 and their 
prevalence increases threefold in severe cases (Liu et al. 
2020b, Li et al. 2020d; Chen et al. 2020). It was also reported 
that 36% of patients diagnosed with COVID-19 presented 
neurological manifestations (Mao et al. 2020), and headache, 
nausea, vomiting, and confusion were frequently observed 
(Li et al. 2020c; Chen et al. 2020). Recent observational 
studies confirmed that cerebrovascular disease, including 
ischemic stroke, cerebral venous thrombosis, and cerebral 
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hemorrhage was common in elderly COVID-19 patients (Li 
et al. 2020c; Poyiadji et al. 2020; Sharifi-Razavi et al. 2020).

While part of this higher representation of cerebral dis-
orders in patients affected by SARS-CoV-2 may be correla-
tive to the age distribution, biased towards elderly patients, 
clinical studies showed that coronavirus has a tropism for the 
central nervous system (Carod-Artal 2020; Baig et al. 2020; 
Li et al. 2020a; Mao et al. 2020) and that acute cerebral 
alterations such as hemorrhagic necrotizing encephalopa-
thy occur in COVID-19 patients due to direct viral invasion 
of the nervous system (Markus and Brainin 2020; Li et al. 
2020c; Poyiadji et al. 2020; Sharifi-Razavi et al. 2020).

These observations should not be surprising. Other coro-
naviruses, such as the mouse hepatitis virus (MHV), also 
infect the brain; its JHM strain is highly neurovirulent (Weiss 
and Navas-Martin 2005) and SARS-CoV was reported to be 
extremely neurotoxic in animal models (Netland et al. 2008). 
There is ample evidence of association of several viral infec-
tions of the brain with increased prevalence of Alzheimer’s 
and Parkinson’s diseases (Redhead et al. 2018; Gamboa et al. 
1974) and we may detect, in the future, an increased inci-
dence of neurodegenerative disorders in patients previously 
affected by COVID-19.

For these reasons, while waiting for the development 
of an effective vaccine and novel therapeutic agents, it is 
imperative to consider repurposing available drugs to treat 
and prevent COVID-19-associated brain ailments.

Potential for ARBs to Modulate COVID‑19 
Pathophysiology

One such class are the Angiotensin Receptor Blockers 
(ARBs). Angiotensin II AT1 receptor (AT1R) stimulation 
drives the circulatory and local Renin-Angiotensin Systems 
(RAS), involved in the regulation of multiple functions in 
most organs (Paul et al. 2006; Rein and Bader 2017; Taki-
moto-Ohnishi and Murakami 2019) and including the lung 
(Jia 2016). Increased RAS activity with enhanced AT1R 
stimulation is a major injury factor affecting the brain, the 
cardiovascular and renal function, lipid and glucose metabo-
lism, and the immune system (Paul et al. 2006; Rein and 
Bader 2017; Takimoto-Ohnishi and Murakami 2019; Jia 
2016). In addition, overactivity of AT1R promotes inflam-
matory lung disease (Jia 2016).

ARBs, effectively blocking AT1R and initially developed 
to treat hypertension, exhibit unique pleiotropic protecting 
effects beyond their antihypertensive properties (Saavedra 
2017). ARBs reduce inflammation and endothelial and epi-
thelial dysfunction in many organs including the lung, pro-
tecting its endothelial barrier integrity (Fedson 2016). There 
is substantial clinical evidence indicating that ARBs protect 
the lung from severe injury associated to pneumonia, sepsis, 

influenza, and chronic pulmonary disease, improving overall 
pulmonary health (Fedson 2016; Mortensen et al. 2012; Soto 
et al. 2017; Kim et al. 2016; Chang et al. 2015) and reduce 
SARS coronavirus-induced lung injury (Kuba et al. 2005). 
Furthermore, mortality was reduced in patients previously 
treated with ARBs for cardiovascular disorders and later 
hospitalized for pneumonia (Fedson 2016). Thus, it is rea-
sonable to speculate that ARBs may ameliorate pneumonia 
in COVID-19 patients, since recent studies have reported 
that ARBs improve the overall clinical outcome of COVID-
19 patients with hypertension (Meng et al. 2020).

In addition, ARBs directly protect mitochondrial func-
tion, maintain insulin sensitivity and energy metabolism, 
protect lipid metabolism, and normalize the coagulation cas-
cade, properties considered to benefit patients with acute and 
chronic critical disorders (Jia 2016, Gurwitz 2020, Fedson 
2016). For these reasons, ARBs are successfully used not 
only as first-line antihypertensives but also for the treatment 
of diabetes, kidney disease, congestive heart failure, and cer-
ebrovascular disorders (Chrysant 2006).

The spectrum of illnesses considered to be candidates 
for ARB therapy is wide and increasing. Preclinical experi-
ments demonstrated that ARBs protect cerebral blood flow 
and blood–brain barrier function, reduce brain inflammation, 
protect cognition, and reduce anxiety and stress (Schmieder 
2005; Hosomi et al. 2013; Villapol and Saavedra 2015; 
Saavedra 2017; Rodriguez-Perez et al. 2018; Elkahloun et al. 
2019). The hypothesis that ARBs may be effective for the 
treatment of diseases of the brain is being tested; there are 
over 20 clinical trials designed to investigate the therapeutic 
effects of ARBs on cerebrovascular disorders, psychiatric 
ailments, Alzheimer’s disease and cognition, and many other 
clinical trials address the possible efficacy of ARB treatment 
in an ever-expanding number of diseases (https​://clini​caltr​
ials.gov/).

From the above, and although prevalence data are not 
available, it is reasonable to assume that a significant pro-
portion of patients affected with cardiovascular, brain, and 
metabolic disorders are currently medicated with ARBs. 
And since these illnesses are frequently comorbidities in 
COVID-19 patients (Li et al. 2020b, c, d; Chen et al. 2020), 
we can make a reasonable assumption that many COVID-
19 patients have been medicated with ARBs at the time of 
their diagnosis.

At first glance, it is also reasonable to hypothesize that 
COVID-19 patients under previous ARB treatment for 
comorbid diseases may benefit from the continuation of 
this therapy, and that their symptoms may be moderated. 
Recent reports demonstrated that continuation of previ-
ous ARB therapy decreased morbidity and mortality in 
COVID-19 patients (Liu et al. 2020a; Meng et al. 2020), 
supporting this hypothesis. However, more controlled stud-
ies including thousands of patients are needed to reach a 
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definite conclusion not only on the safety but also on the 
benefit of the continuation of established ARB therapy dur-
ing COVID-19.

In case that the safety and benefit of continuation of ARB 
therapy in non-hospitalized and hospitalized patients is con-
firmed by definite clinical studies and data analysis, ARB 
treatment may be considered for those patients suffering 
from COVID-19 comorbidities such as hypertension and not 
medicated with ARBs prior to COVID-19 diagnosis. This 
proposal is substantiated by the report of marked increases in 
Angiotensin II plasma levels in COVID-19 patients, linearly 
associated to viral load and lung injury (Liu et al. 2020b). 
These observations strongly suggested that RAS activity was 
enhanced and AT1 receptors were overstimulated in these 
patients, probably as the result of direct effects of SARS-
CoV-2, critical worsening of overall tissue inflammation and 
COVID-19 comorbidities, associated with intense mental 
and physical stress. Based on these findings, it has been rec-
ommended to repurpose ARBs as part of the therapeutic 
arsenal for COVID-19 (Liu et al. 2020b; Gurwitz 2020). A 
recent article published in The Scientist and based on inter-
views with experts in the field summarized the rationale for 
the use of ARBs as COVID-19 treatment (Yeager 2020b), 
and a recent article already describes in detail the beneficial 
effects of ARB therapy in COVID-19 patients (Liu et al. 
2020a).

To answer this question, at present there are 24 clini-
cal studies to determine the effects of the initiation of ARB 
therapy in non-hospitalized and hospitalized COVID-19 
patients (https​://clini​caltr​ials.gov/ct2/resul​ts?cond=COVID​
-19&term=angio​tensi​n+recep​tor+block​ers&cntry​=&state​
=&city=&dist=). Only the results of these clinical trials will 
establish whether addition of ARBs to the therapeutic arse-
nal of COVID-19 patients is of significant clinical benefit.

Initial Arguments Against the Use of ARBs

However, some published commentaries (Fang et al. 2020; 
Diaz 2020) recommended, as a preventive measure, to dis-
continue the use of ARBs in the general population, even 
when successfully prescribed for the treatment of cardio-
vascular, cerebrovascular, or metabolic disorders, on the 
grounds that ARB therapy may actually enhance the risk 
of COVID-19. This recommendation was widely echoed in 
social media. The authors based their recommendation on 
the discovery that ARBs upregulate ACE2, a SARS-CoV-2 
receptor, and they hypothesize that ARBs may enhance viral 
uptake and virulence, without offering any evidence that 
this may be the case. Neither Diaz (2020) nor Fang et al. 
(2020) considered the substantial literature demonstrating 
that enhanced ACE2 expression is protective, not only for 
the lung but also for other organs. Fang et al. (2020) argued 

that ARBs may be replaced by other antihypertensives such 
as calcium-blocking agents, without considering that these 
compounds lack the pleiotropic protective characteristics of 
ARBs. Abruptly replacing ARBs in patients affected with 
hypertension, heart failure, or previous myocardial infarct 
with other medications may expose the patients to signifi-
cant risks and may worsen their prognosis (Vaduganathan 
et al. 2020). A detailed rebuttal of Diaz (2020) and Fang 
et al. (2020) recommendations has been recently published 
elsewhere (Saavedra 2020). Recommendations not to with-
draw ARBs when medically prescribed have been echoed in 
several recent publications (Gurwitz 2020; Patel and Verma 
2020; South et al. 2020).

Arguments for and against the use of ARBs during the 
COVID-19 pandemic have been also applied to administra-
tion of Angiotensin-Converting Enzyme inhibitors (ACEI), 
compounds that reduce AT1R overstimulation by decreas-
ing Angiotensin II production, and the arguments have been 
generally addressed without distinction for both classes of 
compounds. However, some studies reported that ARBs, 
when compared to ACEIs, were associated with lower rates 
of severe pneumonia and mortality in patients with chronic 
pulmonary disease (Lai et al. 2018) and in patients suffering 
from severe acute pneumonia (Chang et al. 2015).

ACE2 as a Therapeutic Target in Fighting 
SARS‑CoV‑2 Infection

ACE2 is a multispecific enzyme. Although ACE2, located 
in the surface of lung alveolar epithelial cells among oth-
ers (Hamming et al. 2004; Zou et al. 2020) is a receptor 
for SARS coronaviruses including SARS-CoV-2 (Yan et al. 
2020; Shang et al. 2020), it is also a demonstrated protec-
tive factor for SARS in the lung (Jia 2016). ACE2 cleaves 
Angiotensin II into Ang (1–7), part of the ACE2/Angio-
tensin (1–7)/Mas axis, a proposed protective mechanism 
balancing RAS overstimulation, and this system is stimu-
lated by ARBs (Ren et al. 2019). The demonstrated reduc-
tion on ACE2 expression in elderly individuals (AlGhatrif 
et al. 2020), associated to upregulation of the RAS and the 
Angiotensin inflammatory pathway (Rodriguez Prestes et al. 
2017, Conti et al. 2012) may contribute to their increased 
risk for COVID-19, another reason to consider ARBs as a 
therapeutic avenue for the disease.

Decreased ACE2, systemically and/or locally, has been 
proposed to be an important contributor to the pathogenesis 
of many diseases including inflammatory lung disease (Jia 
2016; Fedson 2016). More importantly, ACE2 protects lung 
function (Fedson 2016; Yu et al. 2016). ACE2 circulates 
in the blood (Wysocki et al. 2010). Membrane-associated 
ACE2 is shed by ADAM17 to the extracellular media (Xu 
et al. 2016). Soluble ACE2 is enzymatically active and 

https://clinicaltrials.gov/ct2/results?cond=COVID-19&term=angiotensin+receptor+blockers&cntry=&state=&city=&dist=
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partially inhibits coronavirus entry into target cells (Jia et al. 
2009). For this reason, ACE2 administration has long been 
considered as treatment for SARS viruses (Jia 2016).

The use of clinical-grade soluble human ACE2 was 
recently proposed to block SARS-CoV-2 infection (Monteil 
et al. 2020; Batlle et al. 2020). A recent article published 
in The Scientist describes expert recommendations to use 
ACE2 administration as a treatment for COVID-19, and in 
Europe, regulatory approval for a Phase II clinical trial to use 
human ACE2 for the treatment of COVID-19 was recently 
obtained (Yeager 2020b).

The Complexity of SARS Coronaviral Entry 
into the Cells

SARS viral entry into the cells is not only dependent on 
ACE2, but also on several peptidases acting as co-receptors 
for SARS coronaviruses (Qi et al. 2020; Hoffmann et al. 
2020; Jeffers et al. 2004; Matsuyama et al. 2010; Kawase 
et al. 2012). Although the role of these co-receptors has 
not been investigated for SARS-CoV-2 infection, they were 
reported to be essential for ACE2 participation in the entry 
of other coronavirus into the cells (Qi et al. 2020; Hoffmann 
et al. 2020; Jeffers et al. 2004; Matsuyama et al. 2010; Kam 
et al. 2009; Adedeji et al. 2013). The influence of ARBs on 
the role of coronavirus co-receptors has not been studied.

Another example of the complexity of ACE2 regulation 
and its role in viral infections is the recent report demon-
strating that ACE2 is an interferon-stimulated gene in human 
airway epithelial cells, since interferons enhance ACE2 gene 
expression (Ziegler et al. 2020). However, the study did not 
clarify whether this mechanism is harmful to the cells or 
beneficial.

In addition, the SARS coronavirus-ACE2 pathway is 
associated with chemokine (C-C motif) ligand 2 (CCL2) 
(Chen et al. 2010) and the production of this chemokine is 
reduced by ARBs (Clancy et al. 2014). Furthermore, ACE2 
not only cleaves circulating Angiotensin II but also hydro-
lyses several peptides such as dynorphin, apelin, and brady-
kinin (Warner et al. 2004). The pathophysiological signifi-
cance of these relationships has not been fully investigated.

Abstract and Recommendations

1.	 Well-regarded clinical studies demonstrate that the 
SARS-CoV-2 virus affects the function of many organs 
besides the lung, including the brain. Neurological 
examinations are needed for all patients infected with 
SARS-CoA-2, whether symptomatic for COVID-19 or 
not, and certainly during hospitalization. COVID-19 
patients should be considered a group at higher risk for 

brain disorders, even after recovery from the disease. 
Long-term neurologic follow-up after recovery from 
COVID-19 will reveal whether this illness is associated 
with neurodegenerative conditions susceptible of early 
treatment. Mental health support should be offered to 
COVID-19 patients and their families after recovery 
from the critical stage of their illness.

2.	 It has been conclusively demonstrated that treatment 
with ARBs protects patients and ameliorates the con-
sequences of cerebral, cardiovascular, metabolic, and 
renal disorders that later become frequent COVID-19 
comorbidities. ARBs have been shown to protect lung 
function, reduce the severity of pneumonia, and alleviate 
chronic pulmonary disease. These findings strongly sup-
port not to discontinue ARB treatment when medically 
prescribed. Abrupt ARB withdrawal in these patients 
will expose them to a significant risk of serious compli-
cations.

3.	 To definitely answer the recommendations to withdraw 
ARB treatment from patients already medicated with 
ARBs for cardiovascular and other disorders, we would 
need additional studies, many of them already under 
way. First, we need clear and conclusive evidence that 
ARB treatment does not predispose patients to SARS-
CoV-2 infection. Are patients under ARB treatment less 
likely to be infected with SARS-CoV-2? To answer this 
question, we would need population studies and data 
analysis to establish that the patient population treated 
with ARBs is not at higher, but instead at lower risk 
of SARS-CoV-2 infection. Furthermore, are patients 
infected with SARS-CoV-2 more likely to be asympto-
matic if they have been previously treated with ARBs? 
The answers to these questions will require clinical stud-
ies and data analysis not presently under consideration.

4.	 At present, even more pressing studies are under way 
to determine the effect of previous ARB treatment that 
has been continued during hospitalization of COVID-19 
patients. The presence or absence of ARB therapy in 
COVID-19 patients is now carefully documented and 
monitored in many clinical centers, including determi-
nation of ARB protection against COVID-19-induced 
hypertension. We need to conclusively determine 
whether continuation of ARB treatment in COVID-
19 non-hospitalized or hospitalized patients is benefi-
cial, reducing progression, accelerating recovery, and 
decreasing mortality. Several preliminary analyses dem-
onstrate that ARBs reduce the severity and mortality of 
COVID-19 patients (see details in the text) and more 
definitive results are likely to be published momentarily. 
These data analysis will also discover whether discon-
tinuation of ARB therapy prior to COVID-19 diagnosis 
influences the progression of the disease.
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5.	 A most important question remaining is whether de 
novo ARB administration to COVID-19 patients could 
be therapeutically efficacious. There are at present (04-
28-2020) at least 24 new carefully designed controlled 
clinical trials looking at  de novo  ARB administra-
tion to COVID-19 patients testing this hypothesis and 
including the effects of discontinuation of ARB therapy 
in COVID-19 patients. https​://clini​caltr​ials.gov/ct2/
resul​ts?cond=COVID​-19&term=angio​tensi​n+recep​
tor+block​ers&cntry​=&state​=&city=&dist=

6.	 While clinical studies as the ones described above are of 
immediate value, experimental research will be needed 
to clarify the effects of ARBs on SARS-CoV-2 entry 
into the cells and its virulence, and to establish the 
effects of ARBs not only on ACE2 but also on other 
coronavirus co-receptors and on associated signal trans-
duction mechanisms.

Conclusions

Based on available evidence, patients medicated with ARBs 
by their physicians should continue their medications as pre-
scribed. Similar recommendations have been advanced by 
the European Society of Cardiology (2020) and the Ameri-
can Heart Association (2020). If we obtain a clear, definitive, 
and accepted demonstration that ARBs are not harmful but 
rather protective against COVID-19, instead of withdrawing 
these medicines from those affected with hypertension and 
other possible COVID-19 comorbidities, ARBs should be 
included in the therapeutic arsenal of patients not currently 
treated with these compounds.
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