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Abstract

The COVID-19 infection has rapidly spread around the world and a second wave is sweeping in many countries. Different
clinical and epidemiological aspects characterize the disease and their understanding is necessary to better face the manage-
ment of the pandemic in progress. The Italian society of arterial hypertension with the SARS-RAS study has contributed
significantly to the knowledge of the interaction between inhibition of the renin-angiotensin system and COVID-19 infection.
Furthermore, the study results help to understand some of the main aspects related to mortality and morbidity deriving from

the infection through a multicentre analysis throughout the national territory.
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1 Introduction

Starting from February 2020, a new coronavirus (COVID-
19) infection has spread all over the world, starting from
Wuhan in China. The infection was highly transmissible
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and the numbers of COVID-19 have now reached more
than 43 million patients and over 1,000,000 deaths. The
COVID-19 receptor exhibits affinity domains with the type
2 angiotensin-converting enzyme (ACE2), and then uses the
ACE2 receptor for cell entry [1]. On March 11, The Lan-
cet Respiratory Medicine published a letter by Fang et al.,
raising and spreading alarm among physicians and patients.
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Authors assumed that therapy with the renin-angiotensin
system (RAS), i.e. ACE-Inhibitors (ACEi) or Angiotensin
receptor blockers (ARBs) can facilitate COVID-19 infection
and even increase the risk of developing severe and fatal
SARS-CoV2. Given the fact that hypertensive and diabetic
patients are most often treated with those medications, this
news had a great wake on media and socials [2], leading to
social alarm among chronic patients receiving this class of
drugs. The reaction of many scientific societies around the
world including the Italian Society of Hypertension was to
provide reassuring statements of lack of scientific evidence
to support the detrimental role of ACE/ARBS, waiting for
scientific data exploring the deep analysis and understand-
ing of the complex phenomenon of COVID-19 infection
with specific regards of the safety of ACE-I or ARBs [3]
and give practical advices for the cardiovascular prevention
during this pandemic [4]. Up to now, the whole scientific
community is actively involved in hectic activities regard-
ing all aspects of disease pathogenesis, epidemiology, and
treatment. The number of scientific reports about COVID-19
has raised from January to date to more than 67,000 (Source:
Pubmed, 20/10/2020).

In this context, the Italian Society of Hypertension pro-
moted the SARS-RAS study, a multicenter, nationwide sur-
vey in Italy with the primary objective to verify whether
drugs that interact with the renin-angiotensin system such as
ACE;i and ARBs are related to COVID-19 severe outcomes.

2 The SARS-RAS Study

The SARS-RAS was a cross-sectional, multicenter, obser-
vational study conducted in 28 hospitals and centers in 13
regions in Italy, and the contribution of the centers reflected
the geographical distribution of the disease, most of the
patients being located in Northern regions, especially Lom-
bardy, compared to Southern regions. The patients’ cohort
included 2446 patients aged 18—101 years with confirmed
COVID-19, according to World Health Organization interim
guidance [5]. The observation period started on March 9
and the last entry is on September 7. The SARS-RAS study
is registered in Clinicaltrials.gov at the accession number
NCT04331574.

An online questionnaire was distributed among the cent-
ers to collect reviewed epidemiological, clinical, and out-
comes data from hospital emergency rooms, regular and
intensive care wards. The questionnaire collected informa-
tion on pseudonymized patients including anthropometric,
anamnestic, and clinical features. We also collected pharma-
cological regimens with RAS inhibitors (ACEi, ARBs, and
other antihypertensive drugs and the degree of the severity
of COVID-19 [6]. Information regarding the outcomes of the
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disease if available were also collected. The electronic data
was transmitted with the modern cryptography systems over
the web and stored in a locked, password-protected com-
puter. COVID-19 diagnosis was confirmed in all patients
by RT-PCR performed on nasopharyngeal or throat swab
samples [7] in each center by the designated Institutions.

3 RAS Inhibitors and COVID-19 Infection

Interaction with membrane-bound angiotensin-converting
enzyme 2 (ACE2) on the respiratory epithelium represents the
main mechanism for COVID-19 infection. ACE2 shares analo-
gies for the ACE, from which differs being an aminopeptidase
rather than a carboxyl peptidase. Its role in the production of
angiotensin II and therefore activation of the RAS and its neu-
rohormonal pathways is marginal [8]; nevertheless, treatment
with RAS inhibitors can increase the cell surface exposure of
ACE2. This evidence poses the basis for the hypothesis that
ACE;i or ARBs might increase the risk of COVID-19 infection.
On the other hand, animal models of acute lung injury have
demonstrated that pretreatment with ACE inhibitors, ARBs, or
beta-blockers may reduce the extent of experimentally induced
lung injury and improve outcomes, an effect mediated by inhi-
bition of the RAAS [9]. Thus, others have hypothesized that
these medications could theoretically be beneficial, reducing
the risk of severe disease among patients with Covid-19 [10].
However, up to now, there is no evidence that the possibility of
harmful effects of ACEi and ARBs is more than mere specula-
tion [11], despite enormously amplified by media and social,
forcing the major international societies to issue position state-
ments, though with different intensity [12]. The Italian Society
of Hypertension therefore prompted the SARS-RAS study to
scientifically answer these questions. The results of the study
are comprehensively presented in table 1.

4 Hypertension Does Not Accelerate
COVID-19

In the SARS-RAS study, we have firstly analyzed informa-
tion from 1500 patients diagnosed with COVID-19 (male,
64.1%; 66 + 0.4 years) to analyze the impact of antihyper-
tensive therapy on mortality from COVID-19 [13]. ACE
inhibitors, diuretics, and p-blockers were more frequently
used in non-survivors than in survivors. After correc-
tion by multivariate analysis, only age, diabetes mellitus,
chronic obstructive pulmonary disease, and chronic kidney
disease but not hypertension predicted mortality with no
effect of ACE inhibitors or ARBs. Our data do not support a



Table 1 Synoptic review of the published findings of the SARS-RAS study of the Italian Society of Hypertension

Objective Sample Main findings Journals Reference #
size

Hypertension causes COVID-19 1590  No association between hypertensive status Hypertension [13]
and COVID-19

Determinants of death outcome in COVID-19 1590  Age and multimorbidities determine death Hypertension [13]
during COVID-19

Determinants of ICU acces in COVID patients 2378 Male sex almost doubles the risk of ICU. Dif- PLOS One [24]
ferent ages and morbidities determine male
and female admission in ICU

Determinants of healing of COVID-19 patients 2460  Young patients without morbidities heal bet-  Journal of Hypertension [29]
ter than older multimorbid patients

ACE inhibitors and ARBs protect from 2460  No effects of ACE and ARBs on the out- Journal of Hypertension [29]

COVID-19 comes of COVID-19
Other drugs interfering with COVID-19 2460  Oral anticoagulants for thromboembolic Submitted N/A

events prophylaxis ameliorate COVID-19

prognosis

significant interference of hypertension and antihypertensive
therapy on COVID-19 lethality. Different reports from all
over the world have confirmed our results demonstrating that
previous treatment with medications acting on the RAAS
was not associated with a higher risk of testing positive for
Covid-19 and neither substantially higher risk (by > 10 per-
centage points) of severe Covid-19 infection [14—16]. Some
recent evidence also suggests that the use of ACE inhibitors
or ARBs in patients with COVID-19 infection is associated
with a lower inflammatory burden and less severe disease
supporting the use of ARBs/ACE inhibitors in patients with
COVID-19 and preexisting hypertension [17], 18].

5 Determinants of Mortality Among
COVID-19 Patients

The clinical presentation of COVID-19 can vary differently
from patient to patient, ranging from completely asymp-
tomatic to severe and death. Data from the SARS-RAS
study have demonstrated that age and comorbidities play
a major role in determining death in patients with COVID-
19 infection [13]. In particular, when calculating the death
rate according to age organized by decades, this appears to
be stably below 5% up to the 6th decade. Above that limit,
the death rate stably increases per each year [3] (Fig. 1a).
To measure the impact of multimorbidity, we used a frailty
index, the Charlson Comorbidity Index, which is used by
geriatricians to predict 10 years of mortality among com-
munity-dwelling older patients. This index cumulates older
age and presence of multimorbidities; interestingly, Charlson
Comorbidity Index can predict COVID-19 mortality with an
exponential increase in the odds ratio by each point of score.
This index is a useful tool to identify patients at higher risk

of mortality and thus requiring close clinical monitoring in
case of COVID-19 infection. Interestingly, this index can be
also used to stratify the general population to identify sub-
jects at higher risk of worse outcome in the case of COVID-
19, which can be the object of more intense prophylactic
measures and treatment. Our results are in line with current
evidence from other cross-sectional and prospective studies
[19-21]. Other recent findings suggest that frailty increases
the risk of mortality, even after accounting for age and other
known comorbidities linked to COVID-19 [22].

6 Determinants of Clinical Severity Among
COVID-19 Patients

Admission to the intensive care unit (ICU) is the main rea-
son for concern during the COVID-19 pandemic, due to the
limited capability of all national health care systems. Recent
metanalysis on the rate of intensive care unit admission and
outcomes among patients with coronavirus showed that the
rate of ICU admission was 32% and that the pooled preva-
lence of mortality in patients with coronavirus disease in
ICU was 39% [23]. Opposite to what was observed for the
death outcome, the rate of ICU access steadily increased up
to the 6th decade; thereafter, it remained stable above 10%
(Fig. 1b). Sex played a major role in COVID-19 infection
and outcomes. Data from the SARS-RAS study on 2378
patients with confirmed COVID-19 infection shower that
gender is the primary determinant of ICU admission with
male sex exhibiting almost double risk of ICU admission
[24]. Again, multimorbidity and older age cause admission
in ICU, but women present with almost 10 years older age
and different comorbidities (Heart failure and obesity) than
man (Obesity, chronic Kidney disease and hypertension)
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Fig.1 a Population of the SARS-RAS study (2467 patients) were
divided by age decades. The rate of death at each age decade is
depicted. b Population of the SARS-RAS study (2467 patients) were
divided by age decades. The rate of ICU admission at each age dec-
ade is depicted. ¢ Population of the SARS-RAS study (2467 patients)
were divided by age decades. The rate of healed patients at the time
of the collection of questionnaires at each age decade is depicted.
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[24]. Interestingly, our results have been confirmed in the
overall COVID-19 population [25]. Indeed, also in other
countries, sex differences in morbidity and mortality related
to COVID-19 infection have been demonstrated in differ-
ent clinical scenarios [26]. Recent findings have revealed
key differences in immune responses during the disease
course of SARS-CoV-2 infection in male and female patients
which may help to understand sex differences in COVID-19
infections [27]. Obesity is the most frequent comorbidity
observed among those admitted to ICU within both genders
while chronic kidney disease and hypertension among men
and heart failure among women are associated with a higher
rate of ICU admission. Obesity is a well-known cause of res-
piratory failure which might make these groups of patients at
risk of a more severe clinical course if they contract COVID-
19. Different epidemiological studies have highlighted that
obese subjects are potentially more vulnerable to become
infected with COVID-19 and have a higher risk for morbid-
ity and mortality among COVID-19 patients [28].

7 Determinants of Healing Among
COVID-19 Patients

Healing from COVID-19 infection was reported in 22.2%
of patients at the time when the questionnaire was admin-
istered. Compared to what was observed in the group of
patients that died during the disease, patients who at the time
of the collection of the questionnaire were already healed
were younger (Fig. 1) and with fewer comorbidities [29].
This observation helps to complete a picture where COVID-
19, beyond its inherent morbidity, enhances the burden of
multimorbidity in frail patients. COVID-19 represents big
stress for the body that results in worse outcomes in the more
fragile population. It is therefore possible to speculate that
there are treatments that can interfere with patients’ fragility
and therefore ameliorate their prognosis during COVID-19.
Our database allowed us to analyze the possible role of ACEi
and ARBs to favor healing in those patients that were assum-
ing that class of drugs. We could not predict any role (either
deleterious or protective) of ACEi and ARBs, either alone
or as a RAS inhibitors class of drugs [29]. Interestingly,
in another collection of Italian patients, it was observed a
specific protective effect of ARBs [30]. Therefore, the issue
remains still controversial. We are also exploring in the
SARS-RAS population the role of other drugs in the settings
of the prognosis of the diseases, including the eventual role
of oral anticoagulants used for prophylaxis of thromboem-
bolic events in high-risk populations.



8 The SARS-RAS 2 Study

Starting from autumn 2020, infection from COVID-19 had
a new upsurge which, however, presents with differences
from the previous one. The number of infected has grown,
while the number of affected patients who need hospitaliza-
tion remains low. This observation is probably the result of
greater attention towards the early diagnosis of the disease,
with a prevalent number of swabs carried out in the asymp-
tomatic population compared to what happened last spring
[31].

The epidemiological differences, therefore, imply the
need for a new collection of data that highlights the main
aspects of the new epidemic of COVID-19 pathology.

This research aims to verify whether the chronic intake of
drugs against chronic diseases that increase cardiovascular
risk modifies the prevalence and severity of the clinical man-
ifestation of COVID-19. It has been indeed postulated that
the basis of the multiple organ failure observed in COVID-
19 patients resides in the severe endothelial dysfunction,
and diffuse thrombotic manifestations [32—-34]. The impact
of chronically assumed drugs such as statins, oral anticoagu-
lants, and anti-thrombotic agents will be therefore analyzed
in the new wave of COVID-19 patients. We will also pay
attention to the socio-economic and cultural conditions of
COVID-19 patients and their impact on the evolution of the
disease.

9 Clinical Recommendation

Based on the results of the SARS-RAS study, the Ital-
ian Society of Hypertension releases the present
recommendations:

e Clinical evidence in humans negates the association of
intake of ACE-Is or ARBs and COVID-19 disease. ACE
inhibitors and ARBs treatment can be maintained accord-
ing to the current prescription and based on recommen-
dations contained in the 2018 ESC/ESH guidelines, and
modified only by the prescriber according to the clinical
conditions.

e In patients with COVID-19 with severe symptoms or sep-
sis, ACE Inhibitors and ARBs, like all other antihyper-
tensive drugs, should be used or discontinued on a case
by case basis, taking into account current guidelines.

e COVID-19 is an accelerator of death in frail patients,
more than a cause of death per se.

e Older, male patients with a large burden of comorbidi-
ties are at higher risk of morbidity and mortality from
COVID-19 infections. In this specific patient setting spe-

cific preventive measures must be adopted to reduce the
possibility of infection.
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