Drugs & Aging (2020) 37:779-785
https://doi.org/10.1007/540266-020-00808-4

CURRENT OPINION ;')

Check for
updates

The Cross-Talk between Age, Hypertension and Inflammation
in COVID-19 Patients: Therapeutic Targets

Gerardo Casucci' - Domenico Acanfora’' - Raffaele Antonelli Incalzi?

Accepted: 30 September 2020 / Published online: 21 October 2020
© Springer Nature Switzerland AG 2020

Abstract

This paper presents a brief overview of the complex interaction between age, hypertension, the renin—angiotensin—aldosterone
system (RAAS), inflammation, and severe acute respiratory syndrome coronavirus 2 (SARS-CoV2) infection. Coronavirus
disease 2019 (COVID-19) is more frequent and more severe in comorbid elderly patients, especially those with hyperten-
sion, diabetes, obesity, or cardiovascular diseases. There are concerns regarding the use of RAAS inhibitors in patients with
COVID-19. Some physicians have considered the need for interrupting RAAS inhibition in order to reduce the possibility
of SARS-CoV?2 entering lung cells after binding to angiotensin-converting enzyme 2 (ACE2) receptors. We offer a differ-
ent point of view in relation to the need for continuing to use RAAS inhibitors in patients with COVID-19. We focused our
article on elderly patients because of the distinctive imbalance between the immune response, which is depressed, and the
exacerbated inflammatory response, ‘inflammaging’, which makes the geriatric patient an appropriate candidate for thera-
peutic strategies aimed at modulating the inflammatory response. Indeed, COVID-19 is an inflammatory storm that starts
and worsens during the course of the disease. During the COVID-19 pandemic, various therapeutic approaches have been
tested, including antiviral drugs, interferon, anti-interleukins, hydroxychloroquine, anti-inflammatories, immunoglobulins
from recovered patients, and heparins. Some of these therapeutic approaches did not prove to be beneficial, or even induced
serious complications. Based on current evidence, in the early stages of the disease modulation of the inflammatory response
through the inhibition of neprilysin and modulation of the RAAS could affect the course and outcome of COVID-19.

1 Introduction
Key Points

The severe acute respiratory syndrome coronavirus 2

(SARS-CoV2) has spread quickly around the world, caus- Elderly patients, the most vulnerable to COVID-19, fre-
ing clusters of prevalent respiratory Coronavirus Disease quently have chronic diseases for which a renin-angio-
2019 (COVID-19), including acute respiratory distress tensin—aldosterone system (RAAS) inhibitor is indicated
syndrome (ARDS), and becoming a serious public health Inhibition of the RAAS could modulate the inflamma-
concern [1]. From the beginning of the COVID-19 pan- tory response to COVID-19, thus decreasing the inten-
demic to date, there has been a continuous updating of sity of the cytokine storm

the pathogenetic mechanisms of the disease. From clini-
cal, epidemiological, and radiological criteria, attention
has been paid to the demodulation of the renin—angio-
tensin—aldosterone system (RAAS) and inflammation. At

RAAS and neprilysin inhibitors might benefit COVID-
19 patients in the early stages of the disease through
inflammatory response modulation. Inflammaging,

i.e. an imbalance between immune and inflammatory
response, makes such a mechanism of special interest for
geriatric patients
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The purpose of this review is to clarify the use of angi-
otensin-converting enzyme inhibitors (ACEIs) and angio-
tensin II receptor blockers (ARBs) in elderly patients with
COVID-19. The high prevalence of heart failure in elderly
patients and the coexistence of cytokine storms in patients
with COVID-19 may be the opportunity to switch therapy
with ACEIs or ARBs to sacubitril/valsartan to exploit the
anti-inflammatory potential of neprilysin inhibition and
RAAS modulation.

A comprehensive literature search was performed
through MEDLINE, MEDLINE In-Process and Other
Non-Indexed Citations. EMBASE, PubMed, and the
Cochrane Central Register of Controlled Trials were
searched through the Ovid interface to identify English-
language articles published from 1 December 2019 to 29
May 2020. In all electronic databases, the following search
strategy was implemented and the following keywords
(in the title/abstract) were used: ‘COVID-19°, ‘SARS-
CoV-2’, ‘coronavirus’, ‘angiotensin-converting enzyme
2’ OR ‘ACE2’, ‘renin—angiotensin—aldosterone system’
OR ‘RAAS’, ‘angiotensin-converting enzyme inhibitors’
OR ‘ACE;i’, ‘angiotensin-receptor blockers’ OR ‘ARBs’,
‘Elderly’ OR ‘Older Adults’, ‘Hypertension’, ‘Cytokines’
OR ‘Cytokine storm’, ‘Sacubitril/Valsartan’ and ‘Nepri-
lysin” OR ‘NEP’.

Regular alerts were also established. The electronic
search strategy was complemented by a direct, manual
review of the references.

Search results were combined and duplicates removed.
Studies were first screened on the basis of title and
abstract, and the full text was then reviewed. Two review-
ers (DA and GC) independently performed the revision,
while discrepancies were solved by consensus, involving
an additional author (RAI). The methodological quality of
the included studies was assessed by the authors.

No statistical analysis was conducted due to the hetero-
geneity of the selected papers. Some data were obtained
from both human and animal studies, and this invalidates
the direct transfer of conclusions from animals to humans.

2 Potential Confounding by Age
and Hypertension in Coronavirus Disease
2019 (COVID-19) Patients

2.1 COVID-19 and Older Adults with Comorbidities

Older people, often frail and with several comorbidities,
are at highest risk for severe and fatal forms of COVID-19
[2—4]. Experience from Italy shows a median age at death of
79 years for men and 82 years for women [5]. On 11 March
2020, the World Health Organization (WHO) declared the
COVID-19 outbreak a ‘pandemic’, and on 2 April 2020,
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the death rate was double that of severe acute respiratory
syndrome (SARS) in 2002-2003 and Middle-East respira-
tory syndrome (MERS) in 2013 combined. This pandemic
seemed to be expanding at an exponential rate, doubling the
number of positive cases every 43 h.

New COVID-19 populations are generally liable, but
elderly people with underlying diseases are more suscep-
tible. Diabetes, hypertension, obesity, cardiovascular dis-
ease, and cerebrovascular disease are the most important
comorbidities involved in the degeneration of clinical condi-
tions of patients with COVID-19 [3, 4, 6, 7]. The elderly are
more prone to SARS-CoV-2, are more frequently admitted to
intensive care units (ICUs), and have higher mortality rates
[8, 9]. Yang et al. [10] found that 52% of their COVID-19
population was older than 60 years of age and were more
likely to have chronic medical illnesses. Similar results were
also published by Yang et al. [11].

2.2 COVID-19 and Hypertension

Hypertension has been detected as a common comorbidity
in viral pneumonia and is already one of the most relevant
features associated with mortality, before the COVID-19
pandemic [12]. These data have also been confirmed in
COVID-19 pneumonia [13, 14]. Nevertheless, a lack of
sound evidence that hypertension per se is an independent
risk factor for COVID-19 has recently been demonstrated
[15]. Potential confounding by age when hypertension was
evaluated as a risk factor for the severity of COVID-19
infection has been underscored [16].

SARS-CoV2 uses the angiotensin-converting enzyme
2 (ACE2) receptor to infect host cells [17]. ACE2 is a key
enzyme in the renin-angiotensin system [18, 19] that regulates
blood pressure, fluid and electrolyte balance, and systemic
vascular resistance [20]. The strong inhibition of ACE2 by
SARS-CoV2 may increase the levels of angiotensin IT (Ang II)
in the alveolar tissue of the lung, leading to increased vascular
permeability and pulmonary edema [21, 22].

In experimental models of hypertension and diabetes,
ACE2 enzyme expression was shown to be downregu-
lated. As a consequence, tissue Ang II levels were signifi-
cantly increased, contributing to hormone-mediated tissue
injury and supporting the fact that ACE (enzymatic core
of RAAS, which converts Ang I hormone into the active
vasoconstrictor Ang II) and ACE2 have counter-regula-
tory functions [23, 24]. ACE2 messenger RNA (mRNA)
is mainly detected in the small intestine, colon, duode-
num, kidney, testis, and gallbladder. The overall expres-
sion of ACE2 in the lungs is low but it may be upregulated
under certain conditions, such as asthma and idiopathic
pulmonary fibrosis [25, 26]. Tissue hypoxia associated
with myocardial infarction and cirrhosis may also increase
ACE2 expression in both humans and rats [27, 28]. Animal
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studies have shown that medications commonly used for
hypertension and heart disease to regulate the RAAS,
such as ACEIs and ARBs, may increase the expression of
ACE2 proteins [29, 30]. It has also been suggested that a
population with higher ACE2 expression might be more
susceptible to SARS-CoV2 [31]. Furthermore, ACE2
polymorphism could increase the risk of COVID-19 in
patients treated with ACEIs or ARBs [32]. Moreover, a
very high affinity binding of SARS-CoV2 for ACE2 could
explain the low viral burden required to infect a host cell
[33]. Nevertheless, ACE2 knockout mice displayed more
severe symptoms of ARDS, while overexpression of ACE2
had some protective effects [34]. Based on the assumption
that compensation of ACE2 and balancing of the ACE/
ACE2 function may be a way to alleviate virus-induced
severe lung injury, Wu suggested testing ACEIs and
ARBs to reduce SARS-CoV?2 respiratory symptoms [35].
Furthermore, inhibition of the Ang I/Ang II/angiotensin
type 1 receptor (AT1R) pathway alleviated inflammatory
lung disease [36], and losartan (an ARB drug) adminis-
tration improved pulmonary vascular remodeling, inhib-
ited smoke-induced right ventricular systolic pressure and
Ang II elevations, and partially reversed ACE2 decrease
in rat lungs [37]. Moving from theory to practice, ACEIs
and ARBs have recently been reported as independent pre-
dictors of lower plasma ACE2 concentrations [38]. On
the other hand, a first retrospective study did not show
any significant differences in fatal outcomes of a limited
number of hospitalized COVID-19 patients regardless
of whether or not they were receiving ACEI/ARB treat-
ments [39]. Since then, several observational studies have
confirmed that ACEI/ARB use does not make COVID-
19 patients more vulnerable to the virus [40—45]. Nev-
ertheless, when an effect of the ACEI/ARB therapy was
detected in COVID-19 patients in these and other studies,
it was shown to be more protective than harmful [46-48].

3 Cross-Talk between Renin-Angiotensin
System (RAS) Dysregulation and Cytokine
Storm in COVID-19

SARS-CoV-2 infection is triggered by binding to the ACE2,
which is highly expressed in the nasopharynx and lungs, as
well as in the cardiovascular system and the gastrointestinal
and genitourinary tracts [49]. Although respiratory symp-
toms usually dominate the clinical presentation of COVID-
19, SARS-CoV-2 infection could also be responsible for

a variety of potentially serious multiorgan manifestations.
ACE?2 represents a key enzyme for regulating the RAS that
degrades Ang II to Ang-(1-7), mitigating its effects on
vasoconstriction, sodium retention, and fibrosis [49]. After
the initial involvement of ACE2 by the spike-protein SARS-
CoV-2, there is a subsequent downregulation of ACE2,
leading to a reduction in Ang-(1-7) [49], which causes an
acute lung injury. Importantly, this lesion can be mitigated
in animal models by blocking the renin-angiotensin pathway
with ACEIs or ARBs [50].

Serious clinical presentations of SARS-CoV-2 infec-
tions are generally associated with rapid viral replication,
infiltration of inflammatory cells, and exaggerated release
of cytokines (cytokine release syndrome), resulting in
multiorgan damage, including ARDS [51, 52]. Patients
admitted to ICUs have higher serum levels of monocyte
chemoattractant protein-1, granulocyte colony-stimulating
factor, granulocyte—macrophage colony-stimulating fac-
tor, macrophage inflammatory protein-1A, interferon-
inducible protein-10, and tumor necrosis factor (TNF)-a
[53], suggesting that the ‘intensity’ of the ‘cytokine storm’
modulates the severity of the disease. Beyond the cytokine
storm, the lymphocyte count has also been associated with
increased disease severity [54].

The SARS-CoV-2-induced imbalance of ACE2/ACE
results in AT1R-mediated inflammatory response with acti-
vation of the complement system, mitogen-activated protein
kinases (MAPK) and nuclear factor kappa B (NF-kB). The
decrease in Ang-(1-7) following SARS-CoV-2-mediated
ACE2 downregulation seems to play a pivotal pathoge-
netic role. Thus, Ang-(1-7) should be considered an anti-
inflammatory molecule modulating the NF-kB, MAPK, and
ERK1/2 pathways. This confirms the view that drugs able
to increase Ang-(1-7) could benefit SARS-CoV?2 patients.

4 Age as a Potential Driver of Interventions
Targeting the Renin—-Angiotensin-
Aldosterone System (RAAS)

Age likely plays a key role as a modulator of the inter-
action among factors potentially affecting the course of
COVID-19. Indeed, ‘inflammaging’, a type of dysregu-
lated immune response with an exacerbated inflammatory
and depressed immunologic component, is a typical fea-
ture of aging and may make the elderly more vulnerable
to COVID-19, mainly by promoting the cytokine storm
[55]. Interestingly, the resistance of bats to the toxic effect
of COVID-19 is explained by a well-balanced immune
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Fig. 1 Double interaction between sacubitril and a neprilysin inhibi-
tor, and between an ARB, AT, receptor and Mas receptor, and their
impact on the development of inflammatory response due to COVID-
19 infection. Neprilysin is a neutral endopeptidase and is also known
as EC 3.4.24.11 and enkephalinase. It is a plasma membrane-bound
zinc metalloprotease initially isolated from renal epithelial brush bor-
der cells and cleaves peptide substrates at the amino side of hydro-
phobic amino acids. It catalyzes the degradation of a number of
endogenous vasodilator peptides, including ANPs, BNP, CNP, sub-
stance P, bradykinin and adrenomedullin, as well as vasoconstrictor
peptides, including ET-1 and Ang II. In addition to degrading vasoac-
tive peptides to inactive breakdown products, neprilysin can also con-
vert big ET-1 to the active peptide ET-1. Therefore, the physiologi-

response with a mild inflammatory component [56]. Fur-
thermore, ACE2 expression in the lungs has been reported
to increase with age [57], and, finally, the proportion of fat
mass also increases with age [58]. Thus, geriatric patients
might also be at greater risk of a cytokine storm if their
body mass index does not fall within the obesity range.
Indeed, adipose tissue has a proinflammatory effect and
Ang II partly mediates it [59].
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cal actions of neprilysin in vivo will be to balance its effects on the
breakdown of vasodilators and vasoconstrictors, and on the synthe-
sis of ET-1 from big ET-1. Reducing the production of Ang II with
ACETISs, or blocking Ang II-AT1R actions with an ARB, enhances the
generation of Ang-(1-7) by ACE2 and activation of the MasR, which
attenuates inflammation and fibrosis and consequently attenuates
lung injury. ARB angiotensin receptor blocker, ANPs atrial natriuretic
peptides, BNP B-type natriuretic peptide, CNP C-type natriuretic
peptide, ET-1 endothelin-1, Ang angiotensin, ACEIs angiotensin-con-
verting enzyme inhibitors, AT/R angiotensin type 1 receptor, ACE2
angiotensin-converting enzyme 2, MasR Mas receptor, NEP neprily-
sin, IL interleukin, IFN interferon, TNF tumor necrosis factor

5 Conclusions

We have recently hypothesized that early administra-
tion of sacubitril/valsartan may have a favorable effect
on COVID-19 patients [60] by inhibiting neprilysin and
RAAS.

Valsartan will continue to block excessive angiotensin-
mediated AT1R activation due to the viral infection, and,
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in parallel, will upregulate ACE2, thus increasing Ang-
(1-7) production.

Sacubitril/valsartan reduced the concentration of proin-
flammatory cytokines and neutrophil count, while increasing
lymphocyte count more than valsartan alone or placebo [61].

In ill patients, such as patients with acute heart failure,
sacubitril/valsartan was able to mitigate the inflammatory
response and increase the relative lymphocyte count [62].

Steady progress is being made in the treatment of
patients hospitalized for COVID-19. The advances come
together with the understanding that the disease is far more
complex than a simple pneumonia. In the early stages of
the disease, modulation of the inflammatory response
through the inhibition of neprilysin and modulation of the
RAAS could modify the course and outcome of the SARS-
CoV-2 infection (Fig. 1). This theoretical assumption
seems worthy of testing not only in heart failure patients
with a recognized indication to sacubitril/valsartan, but
also in broader populations, for instance in hypertensive
patients affected by COVID-19. However, due to the dys-
regulated immune response, geriatric patients qualify as
the optimal target of interventions with the aim of mitigat-
ing the inflammatory response. This would verify whether,
at least in selected populations, sacubitril/valsartan may
qualify as a further aid against COVID-19.
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