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This article refers to ‘Association between renin–
angiotensin–aldosterone system inhibitor use and
COVID-19 hospitalization and death: a 1.4 million patient
nationwide registry analysis’ by G. Savarese et al., pub-
lished in this issue on pages 476–485.

From early in the coronavirus disease 2019 (COVID-19) pan-
demic the use of renin–angiotensin–aldosterone system inhibitors
(RAASi) was flagged as a potential concern due to the key role
of this system in the mechanism of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection. These concerns
were widely broadcast by the mainstream media and have caused
anxiety amongst patients and a wide spectrum of clinicians. In this
issue of the Journal, the large and careful analysis by Savarese et al.1

provides further reassurance that RAASi are safe to continue in
the COVID era.

SARS-CoV-2 enters host human cells by binding to the
angiotensin-converting enzyme 2 (ACE2) receptor and leads to a
down-regulation of ACE2. In human physiology, ACE2 is an enzyme
responsible for the cleavage of angiotensin II into angiotensin 1–7,
which has vasodilating, anti-inflammatory and anti-fibrotic effects.
The virus-mediated down-regulation of ACE2 was postulated to
possibly contribute to an exaggerated inflammatory response
through the increased levels of angiotensin II.2 As some animal
studies suggested that RAASi might increase circulating levels of
ACE2, speculation regarding potential harmful effects — including
enhancing the risk of infection — was raised. Humans studies
have, however, not consistently demonstrated high plasma levels
of ACE2 in patients treated with RAASi.3 In a large observational
study of patients with heart failure (HF) ACE2 plasma levels were
not elevated in patients receiving angiotensin-converting enzyme
inhibitors (ACEi) or angiotensin receptor blockers (ARBs).4

In contrast to the trumpeted possible, putative harms related
to RAASi in COVID-19, the many potential beneficial effects of
these agents have been highlighted. ACEi and ARBs could provide

The opinions expressed in this article are not necessarily those of the Editors of the European Journal of Heart Failure or of the European Society of Cardiology. doi: 10.1002/ejhf.2060

*Corresponding author. Cardiology and Cardiac Catheterization Laboratory, ASST Spedali Civili and Department of Medical and Surgical Specialties, Radiological Sciences, and
Public Health, University of Brescia, Piazzale Spedali Civili, 25123 Brescia, Italy. Email: danielatomasoni8@gmail.com

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
.

Figure 1 Deleterious and beneficial effects of
angiotensin-converting enzyme inhibitors and angiotensin
receptor blockers in COVID-19 patients. ACE2, angiotensin con-
verting enzyme 2; ACEi, angiotensin-converting enzyme inhibitor;
ARB, angiotensin receptor blocker; CKD, chronic kidney disease;
COVID-19, coronavirus disease 2019; CV, cardiovascular; HBP,
high blood pressure; HF, heart failure. Adapted from Tomasoni
et al.2

a protective action and reduce the severity of COVID-19 disease
by opposing the myriad effects of angiotensin II activity2,3 (Figure 1).
Stopping RAASi in patients taking these drugs for their many
beneficial effects (e.g. ACEi in HF) would be a major decision that
could not be based on theoretical whims.

Many observational studies of hospital cohorts and registries
have investigated the association between the use of RAASi
and clinical outcomes during the COVID-19 pandemic.2 In this
issue of the Journal, Savarese et al.1 reported the association
between RAASi treatment and the risk of incident hospitalization
or death for COVID-19 and the risk of death in COVID-19 cases.
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They included 1 387 746 patients with HF, hypertension, kidney
disease, ischaemic heart disease or diabetes from the Swedish
National Patient Registry. After adjusting for 45 variables, the
use of ACEi/ARBs was associated with a lower risk of incident
hospitalization or death for COVID-19 in the overall population
[odds ratio 0.86, 95% confidence interval (CI) 0.81–0.91], and with
lower mortality in the COVID-19 cohort [hazard ratio (HR) 0.89,
95% CI 0.82–0.96]. The authors are to be congratulated for testing
an extensively debated hypothesis on such a large population.
Their results reinforce and add to those of previous studies.
The extensive adjustment was wise as there are many reasons
why patients with conditions such as HF and other cardiorenal
conditions may not be prescribed RAASi that may have confounded
the observed outcomes.

In a smaller population in Madrid, Spain, the use of RAASi was
not associated with an increased risk of COVID-19 requiring hos-
pital admission, compared with the use of other anti-hypertensive
drugs. A decrease in the risk of hospitalization was observed among
patients with diabetes receiving RAASi.5 In a population-based
case–control study in the Lombardy region of Italy, 6272 patients
with COVID-19 were matched to 30 759 controls. ACEi/ARB
use was not associated with an increased risk of COVID-19
nor a more severe course of the disease.6 In 1178 COVID-19
patients in Wuhan, China, there were no differences in out-
comes between those receiving, or not receiving ACEi/ARBs.7

In an Italian multicentre study, HF was an independent predictor
of mortality in COVID-19 patients, with an adjusted HR of 2.25
(95% CI 1.26–4.02; P = 0.006). HF patients were more likely to
receive RAASi, and treatment with RAASi was more prevalent in
the patients who died. However, RAASi use was not associated
with death on multivariable analysis.8 A very recent meta-analysis,
including 459 755 patients from 86 non-randomized observational
studies, showed that ACEi/ARB treatment was not associated with
a greater likelihood of COVID-19, hospitalization, intensive care
unit admission, ventilation, or death among hypertensive patients.9

The analysis by Savarese et al.1 confirmed and extended previous
results using a large nationwide observational registry. Going
further than previous studies, they suggested not only a neutral
but also a putative protective role of ACEi/ARBs. Importantly,
the authors noted that, when ARBs and ACEi were analysed
separately, the association between the use of ARBs and both
the lower hospitalization/mortality for COVID-19 and all-cause
mortality in COVID-19 patients remained significant, while the
use of ACEi was not associated with lower risk of this outcome.
ARBs inhibit angiotensin II type 1 receptors which mediate the
detrimental effects of angiotensin II. Thus, their effects may be
particularly important when angiotensin II levels are elevated
such as when ACE2 is potentially down-regulated by SARS-CoV-2
infection.

The role of mineralocorticoid receptor antagonists (MRA) in
COVID-19 has been barely discussed. Savarese et al.1 showed
that their use was not associated with adverse outcomes after
adjustment for baseline variables. The impact of MRA on ACE2
plasma and tissue concentrations, as well as on all aspects of
COVID-19 disease, warrants further study. ..
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.. This study has some limitations. The analysis does not report
outcomes for patients who were taking RAASi for different reasons
(e.g. HF or hypertension or chronic kidney disease). The pros and
cons of RAASi may vary markedly in different patient populations.
The, use of RAASi was defined at the index date and data about
their discontinuation are not available. Given the initial theoretical
concerns regarding the role of RAASi and the possible lower
tolerability of these agents in COVID-19 patients, some physicians
could have discontinued RAASi.10 The authors have acknowledged
that their observational study cannot take the place of randomized
trials of continuing vs. stopping RAASi during COVID-19. The
recently presented ARBs and ACEi and adverse outcomes in
patients with COVID-19 BRACE-CORONA trial (NCT04364893)
enrolled 659 participants in Brazil with a confirmed diagnosis of
COVID-19. Eligible patients using ACEi/ARBs were randomized
to either treatment continuation or discontinuation for 30 days.
Discontinuation of ACEi/ARBs did not provide benefit in terms of
days alive and out of hospital, all-cause mortality, cardiovascular
death and complications (i.e. stroke or transient ischaemic attack,
myocardial infarction, new or worsening HF).11 These results
have recently been confirmed in the randomized Elimination or
Prolongation of ACEi and ARBs in Coronavirus Disease 2019
(REPLACE COVID) trial (NCT04338009).12

Another limitation of the study by Savarese et al. was the lack of
data regarding ethnicity, although the authors assumed that black
population was small as few were born in non-European countries.
A prospective cohort study, including more than 8 million partici-
pants in England reported that ACEi treatment was associated with
a lower risk of COVID-19 in the white population (adjusted HR
0.66, 95% CI 0.63–0.70) but a higher risk in black Africans (adjusted
HR 1.31, 95% CI 1.08–1.59). Similar results were observed with
ARBs (adjusted HR 1.24, 95% CI 0.99–1.58 for black Africans, and
adjusted HR 0.56, 95% CI 0.52–0.62 for the white population).13

The impact of ethnicity could not be explored in the study by
Savarese et al. but it is worthy of consideration in future studies.

In conclusion, treatment with RAASi in the setting of the
COVID-19 pandemic was not associated with worse outcome
in this large Swedish observational study. These data add to the
similar, reassuring message from many other observational studies
and one small randomized trial. The major angst delivered by the
mainstream media on the basis of a largely theoretical concern can
almost be put to bed.
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