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This commentary refers to ‘SARS-CoV2: should inhibitors

of the renin-angiotensin system be withdrawn in patients

with COVID-19?’, by G.M. Kuster et al., doi: 10.1093/

eurheartj/ehaa235.

Since the identification of the novel SARS-CoV-2 virus, there has
been significant interest regarding the possibility of antihypertensives,
specifically angiotensin-converting enzyme inhibitors (ACE-Is) and
angiotensin receptor blockers (ARBs), increasing mortality in patients
infected with SARS-CoV-2. This has been driven by various studies
demonstrating an increase in angiotensin-converting enzyme 2
(ACE2) levels in patients using ACE-Is and ARBs. The article by
Kuster et al. highlights how increased ACE2 expression may not ne-
cessarily translate to an increase in the coronavirus viral load.
Moreover, it is also not known whether an increased viral load neces-
sarily suggests increased disease severity.1

Mortality with the SARS-CoV-2 appears to be driven by the devel-
opment of acute lung injury and acute respiratory distress syndrome
(ARDS) due to an underlying cytokine storm. Previous work has sug-
gested a significant role of the renin–angiotensin–aldosterone system
(RAAS) in the development of ARDS. ARDS may be linked to an up-
regulation of the vasoconstrictive, fibroproliferative, and proinflam-
matory effects of an ACE/angiotensin II (ATII) pathway and the
down-regulation of the vasodilatory, anti-inflammatory, and antifi-
brotic properties of an ACE2/angiotensin 1-7 (product of the break-
down of ATII by ACE2) pathway.2–4

The protective role of the ACE2 pathway in various viral pneumo-
nias has been supported by other studies in both animal and human
models.3 The deleterious role of the angiotensin II signalling pathway
in the current SARS-CoV-2 outbreak is supported by a report of a

group of 12 cases of SARS-CoV-2-infected patients where ATII levels
in the plasma were increased and linearly associated with the severity
of lung injury.5

We suggest that ACE-Is and ARBs may in fact play a protective
role in reducing the degree of lung injury in SARS-CoV-2 by shifting
the RAAS system from an ACE/ATII pathway to an ACE2/angiotensin
1-7 signalling pathway.

ACE-Is reduce the conversion of angiotensin I (ATI) to ATII,
preventing the deleterious aforementioned effects. In addition, it
has been identified that ATII may stimulate interleukin-6 (IL-6) re-
lease via an NF-jB-dependent pathway mediated predominantly
by binding of ATII to the angiotensin II type 1 receptor subtype
(AT1R).4 Reduced levels of ATII (with ACE-I use) may thus also
dampen the cytokine storm syndrome which is typical of severe
SARS-CoV-2 infection.

During a basal RAAS state, AT1Rs form complexes with ACE2 on
the surface of cell membranes. In a stimulated RAAS state (as with
SARS-CoV-2 infection), with increased levels of ATII present, there is
reduced interaction between AT1Rs and ACE2 with resultant ubiqui-
tination and ACE2 internalization.3 AT1R-specific ARBs, by predom-
inantly blocking ATII binding of AT1Rs, will (i) reduce the
vasoconstrictive effects of ATII; (ii) reduce the release of IL-6 and
other proinflammatory cytokines; and (iii) reduce the internalization
of the protective ACE2. In addition, binding of ATII to the free angio-
tensin II type 2 receptors (AT2R) will typically have largely opposite
effects to binding to AT1R with a vasodilatory, anti-inflammatory, and
antifibrotic effect.

We therefore add further data to support the suggestions of
Kuster et al. that the increased signal for mortality in patients with
hypertension, diabetes, and cardiovascular disease may suggest a
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..high-risk population as well as a group of individuals with a dysregu-
lated RAAS in favour of an ACE/angiotensin II signalling pathway.
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