
Impact of Angiotensin-Co
nverting Enzyme Inhibitors
aDepartme

que-Hôpitaux
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Effect of angiotensin-converting enzyme inhibitors (ACEI) and angiotensin II receptor
blockers (ARB) among hypertensive patients with coronavirus disease 2019 (COVID-19)
is debated. The aim of the COVIDECA study was to assess the outcome of ACEI and ARB
among hypertensive patients presenting with COVID-19. We reviewed from the Assis-
tance Publique-Hôpitaux de Paris healthcare record database all patients presenting with
confirmed COVID-19 by RT-PCR. We compared hypertensive patients with ACEI or
ARB and hypertensive patients without ACEI and ARB. Among 13,521 patients present-
ing with confirmed COVID-19 by RT-PCR, 2,981 hypertensive patients (mean age: 78.4 §
13.6 years, 1,464 men) were included. Outcome of hypertensive patients was similar what-
ever the use or non-use of ACEI or ARB: admission in ICU (13.4% in patients with ACEI
or ARB versus 14.8% in patients without ACEI/ARB, p = 0.35), need of mechanical venti-
lation (5.5% in patients with ACEI or ARB vs 6.3% in patients without ACEI/ARB,
p = 0.45), in-hospital mortality (27.5% in patients with ACEI or ARB vs 26.7% in patients
without ACEI/ARB, p = 0.70). In conclusion, the use of ACEI and ARB remains safe and
can be maintained in hypertensive patients presenting with COVID-19. © 2021 Elsevier
Inc. All rights reserved. (Am J Cardiol 2021;147:58−60)
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Effect of angiotensin-converting enzyme inhibitors
(ACEI) and angiotensin II receptor blockers (ARB) among
hypertensive patients with coronavirus disease 2019
(COVID-19) is debated.1 Hypertension is associated with a
higher risk of severity and mortality in patients presenting
with COVID-19.2 Angiotensin converting enzyme inhibitor
and ARB are widely used in hypertension and some con-
cerns occurred concerning ACEI and ARB in COVID-19
patients. Indeed, some experimental studies found that
ACEI and ARB exposures increased the expression of
ACE2 receptor, which is the known cellular receptor and a
necessary entry point for acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2),3 but these findings were not con-
firmed in humans.4 Furthermore, conflicting results in
hypertensive patients with ACEI and ARB were pub-
lished.5−16 The aim of the COVIDECA study was to assess
the outcome of ACEI and ARB among hypertensive
patients presenting with COVID-19.
Methods

We reviewed from the Assistance Publique-Hôpitaux de
Paris (AP-HP) healthcare record database all patients pre-
senting with confirmed COVID-19 by RT-PCR. AP-HP is
the largest university hospital center (39 hospitals) in
Europe and was completely involved in COVID-19 pan-
demic. Criteria for selection included age > 18 years, con-
firmed COVID-19 by RT-PCR and a previous history of
hypertension. Patients were included between March 12
and June 1, 2020. We identified hypertensive patients with
ACEI or ARB from hypertensive patients without ACEI
and ARB. We assessed admission in intensive care unit
(ICU), mechanical ventilation and death as in-hospital out-
come of all hypertensive patients. The COVIDECA study
(CSE-20-23) was approved by the EDS APHP Ethics Com-
mittee (Comit�e Scientifique et �Ethique de l’Entrepôt de
Donn�ees de Sant�e [https://eds.aphp.fr]).
Results

We identified 13,521 patients presenting with confirmed
COVID-19 by RT-PCR. Mean age of this population was
66.5 § 19.2 years (men: 7,103, 52.5%). Among these
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Table 1

Characteristics of the 2981 hypertensive patients presenting with COVID-19

Variable All hypertensive

patients (n = 2,981)

Hypertensive patients with

ACEI or ARB (n = 946)

Hypertensive patients without

ACEI/ARB (n = 2,035)

p Value

Mean age (years) 78.4 § 13.6 78.7 § 12.4 78.3 § 14.1 0.32

Men 1464 (49.1%) 467 (49.4%) 997 (49%) 0.09

Body mass index 26.4 § 6.6 26.6 § 6.9 26.4 § 6.4 0.75

COPD 161 (5.4%) 60 (6.3%) 101 (5%) 0.14

Obstructive sleep apnea 254 (8.5%) 93 (9.8%) 161 (7.9%) 0.19

Diabetes 1031 (34.6%) 415 (43.9%) 616 (30.3%) <0.0001
Chronic kidney disease 414 (13.9%) 152 (16.1%) 262 (12.9%) 0.02

Coronary artery disease 599 (20.1%) 219 (23.2%) 380 (18.7%) 0.005

Heart failure 822 (27.6%) 258 (27.3%) 564 (27.7%) 0.04

Outcome

Admission in ICU 428 (14.4%) 127 (13.4%) 301 (14.8%) 0.35

Mechanical ventilation 180 (6%) 52 (5.5%) 128 (6.3%) 0.45

Death 804 (27%) 260 (27.5%) 544 (26.7%) 0.70

ACEI = angiotensin-converting enzyme inhibitors; ARB = angiotensin II receptor blockers; COPD = chronic obstructive pulmonary disease; ICU = inten-

sive care unit.
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patients, 2,981 hypertensive patients (mean age: 78.4 §
13.6 years, 1,464 [49.1%] men) were included in the study.
Characteristics of the hypertensive population are presented
in Table 1. Patients with ACEI or ARB had more likely dia-
betes (p < 0.0001), chronic kidney disease (p = 0.02), coro-
nary artery disease (p = 0.005) and heart failure (p = 0.04).

Outcome of hypertensive patients was similar whatever
the use or non-use of ACEI or ARB. Admission in ICU dur-
ing hospitalization occurred in 14.4% of hypertensive
patients: 13.4% in patients with ACEI or ARB versus
14.8% in patients without ACEI or ARB (RR = 1.10 [0.91
to 1.34], p = 0.35). The need of mechanical ventilation was
observed in 6% of hypertensive patients (5.5% in patients
with ACEI or ARB vs 6.3% in patients without ACEI or
ARB; RR = 1.14 [0.84 to 1.57], p = 0.45). Among hyperten-
sive patients admitted in ICU, 42% required a mechanical
ventilation (40.9% in patients with ACEI or ARB versus
42.5% in patients without ACEI or ARB, p = 0.09). The
global in-hospital mortality was 27% (vs 13.9% in patients
without hypertension): 27.5% in hypertensive patients with
ACEI or ARB versus 26.7% in hypertensive patients with-
out ACEI or ARB (RR = 0.97 [0.86 to 1.10], p = 0.70). Mul-
tivariate analysis was adjusted for age, gender, body mass
index, coronary artery disease, heart failure, chronic
obstructive pulmonary disease, diabetes and chronic kidney
disease: no significant difference concerning the use or
non-use of ACEI or ARB was observed for admission in
ICU (RR = 0.87 [0.69 to 1.1], p = 0.25), need of mechanical
ventilation (RR = 1.14 [0.83 to 1.58], p = 0.41) and in-hos-
pital mortality (RR = 0.93 [0.78 to 1.10], p = 0.39). No sig-
nificant difference was observed in univariate comparisons
between hypertensive patients with ACEI (n = 488) or with
ARB (n = 397) regarding admission in ICU (13.3% vs
13.8% respectively, p = 0.06), mechanical ventilation (5.7%
vs 4.8% respectively, p = 0.39) and in-hospital mortality
(26% vs 27.9% respectively, p = 0.52).
Discussion

With COVID-19 pandemic, initial warning concerning
the use of ACEI and ARB has raised.5 In case of severe
acute respiratory syndrome, ACE2 receptor expression is
downregulated, leading to an excessive activation of
renin-angiotensin-aldosterone system and an exacerbation
of pneumonia progression. However, this potential nega-
tive effect may be counterbalanced by beneficial effect.
Indeed, the administration of ACEI/ARB blocks ACE2
downregulation-induced hyperactivation of renin-angio-
tensin-aldosterone system, and thereby may prevent acute
lung injury. First studies suggested an increased rate of
mortality in patients with ACEI/ARB. Our data observed
that ACEI and ARB use was not associated with an
increased risk of ICU admission and in-hospital death.
In-hospital mortality remains high (27%) in hypertensive
patients presenting with COVID-19, but whatever the
outcome assessed (mortality, admission in ICU and use
of mechanical ventilation), the use of ACEI and ARB
remains safe and can be maintained in hypertensive
patients presenting with COVID-19.
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