High Blood Pressure & Cardiovascular Prevention (2020) 27:561-568
https://doi.org/10.1007/540292-020-00409-7

ORIGINAL ARTICLE q

Check for
updates

Impact of Treatment with Renin—Angiotensin System Inhibitors
on Clinical Outcomes in Hypertensive Patients Hospitalized
with COVID-19

Martin Negreira-Caamafo' - Jesus Piqueras-Flores' - Jorge Martinez-DelRio' -
Patricia Nieto-Sandoval-Martin-DeLaSierra? - Daniel Aguila-Gordo' - Cristina Mateo-Gomez' - Daniel Salas-Bravo' -
Marta Rodriguez-Martinez? - Martin Negreira-Caamaio’

Received: 19 July 2020 / Accepted: 5 September 2020 / Published online: 19 September 2020
© Italian Society of Hypertension 2020

Abstract

Introduction Concerns have been raised about the possible harmfulness of angiotensin-converter enzyme inhibitors (ACEi)
and aldosterone receptor blockers (ARB) in patients with COVID-19. However, few data from a European population have
been published, especially from hypertensive patients.

Aim To study the association between ACEi or ARB treatments and major adverse outcomes during hospitalisation in
COVID-19 patients.

Methods We studied 545 consecutive hypertensive patientsadmitted to our institution due to COVID-19 with respiratory
involvement. Weanalysed the incidence of combined event (death or mechanical ventilatorysupport) during hospitalisation,
as well as the time to independent events.

Results 188 (34.5%) patients presentedthe combined endpoint. 182 (33.4%) patients died, and 21 (3.9%) neededmechanical
ventilatory support. Patients with previous treatment with ACEi orARB presented similar incidence of the combined end-
point during hospitalisation(31.6% vs. 41.8%; p = 0.08), with a lower all-cause mortality rate (30.4% vs. 41.2%;p = 0.03)
compared with those without prior treatment. Use of ACEi or ARB was not independentlyassociated with lower incidence
of the combined endpoint [Adjusted OR 0.675 (95% CI1 0.298-1.528; p = 0.146)], but it was associated with lower mortality
[Adjusted OR 0.550 (95% CI 0.304-0.930; p = 0.047)].

Conclusions The use of ACEi or ARB was associated with lessincidence of all-cause death during hospitalisation among
hypertensive patientsadmitted with COVID-19 respiratory infection.

Keywords Hypertension - COVID-19 - Renin-angiotensin system (RAS) - Antihypertensive therapy - Angiotensin-
converting enzyme inhibitors (ACEIs) - Angiotensin receptor blockers (ARBs)

1 Introduction

In December of 2019, a new type of coronavirus (severe
acute respiratory syndrome coronavirus 2, SARS-CoV-2)
Electronic Supplementary material The online version of this was reported in Wuhan [1]‘ ResponSIble Of the Coronavi_
article (https://dm.org/l0.1097/%0292—020—00409—7? contains rus disease 2019 (COVID-19), the virus promptly spread
supplementary material, which is available to authorized users. . . .
worldwide, causing more than 100,000 deaths in the first 6

04 Martin Negreira-Caamafio months after the first reports. The disease was rapidly rec-
martin.negcam@gmail.com ognised as systemic [2]. Although the respiratory system is
most frequently affected in COVID-19, a high incidence of
! Cardiology Department, University General Hospital . q y 9 . g
of Ciudad Real, Avda. del Obispo Rafael Torija, s/n, cardiovascular events has also been noticed [3, 4].
13005 Ciudad Real, Spain The pathophysiology of COVID-19 is not yet well
2 Pharmacy Department, University General Hospital understood. However, the role of the renin-angiotensin
of Ciudad Real, Ciudad Real, Spain system (RAS) has been proved to be relevant in infection
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mechanisms and disease severity, as was previously
described with other coronavirus infections [5].

The angiotensin-converter enzyme (ACE) 2 is closely
implicated in the virus infection [6, 7]. This molecule is
widely expressed all over the human body (i.e., alveo-
lar cells, kidney, gastrointestinal tract, heart, vascular
endothelium). Once the virus has penetrated the cellular
membrane, the ACE-2 receptor reduces its expression on
the cellular surface. By the inhibition of ACE 1, as with
angiotensin receptor blockers (ARB) or ACE inhibitors
(ACEi), an overexpression of ACE2 that facilitates the
infection could be promoted [8]. Some reports have cor-
related the use of RAS inhibitors with increased concen-
trations of ACE-2 [9], raising concerns about individual
susceptibility to SARS-CoV-2 infection and propagation in
patients under these therapies. On the other hand, a recent
study suggested that this effect would be associated with
the use of mineralocorticoid receptor antagonist [10], but
not with ACEi or ARB use.

Arterial hypertension (AH) has been described as an
important risk factor for SARS-CoV-2 infection, as well as
a predictor of worse outcomes [11]. ACEi and ARB are first-
line drugs recommended in AH management, but the effect
of these therapies in terms of prognosis remains unclear in
patients with COVID-19, with some studies reporting neu-
tral (or even beneficial) effects [11-13], while others have
noted adverse outcomes [14, 15].

Remarkably, compared to other southern European coun-
tries (e.g., Italy), Spain remains one of the countries with the
highest infection and mortality rates due to COVID-19, with
more than 240,000 confirmed infections and 28,000 deaths
at the time we wrote this document [16, 17].

In this document, we aim to analyse the association
between the use of RAS inhibitors and in-hospital outcomes
in a Spanish cohort of hypertensive patients.

2 Methods
2.1 Patients and Study Design

This is a single-centre observational cohort study based on
the consecutive enrolment of patients with SARS-CoV-2
infection admitted to our institution between March 3rd
and April 30th of 2020. Exclusion criteria were: age under
18 years old, no history of AH, negative protein-chain-reac-
tion test results, and absence of respiratory involvement. The
study flowchart is showed in Fig. 1.

We analysed the incidence of severe adverse events
during hospitalisation and evaluated possible differences
between patients with prior ACEi or ARB prescription and
the rest of hypertensive patients.
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2.2 Data Collection

We recorded demographic, clinical, and analytical varia-
bles, as well as the development of relevant clinical events
during the follow-up.

Past medical history and clinical information were
obtained from electronic medical records. Previous medi-
cal prescriptions and in-hospital medical therapies were
confirmed using the current specific prescription software
in our health area. All X-ray studies were assessed by an
independent investigator and classified as unilateral, bilat-
eral, or non-pulmonary infiltrates. Laboratory data were
obtained from specific local software of our institution.

2.3 Definitions

Hypertensive patients were defined as those with previ-
ously established diagnoses of hypertension in their medi-
cal records or confirmed use of antihypertensive drugs for
at least 1 month before hospital admission. We considered
as antihypertensive drugs ACEi, ARB, loop diuretics, thi-
azides, beta blockers, aldosterone antagonists, calcium
channel antagonists, and a-blockers for cardiovascular
indications.

Admission criteria were determined by an emergency
department physician following the recommendations of
the Health Ministry of the Government of Spain, which
included the presence of respiratory failure (defined as
arterial oxygen saturation <90% or arterial oxygen ten-
sion < 90 mmHg), tachypnoea (defined as > 30 breaths
per minute), pulmonary infiltrates on X-ray or tomogra-
phy studies, or coexistence of other systems’ impairment.

The primary endpoint was defined as the incidence of
the combined event [all-cause death or need for mechani-
cal ventilation support (MVS)] during hospitalisation.
Secondary endpoints included the independent incidence
of death or VMS and the time to each event.

The follow-up period was measured in days from hospi-
tal admission to the date of the clinical event or to hospital
discharge if no events were registered.

2.4 In-Hospital Treatment and Discharge Criteria
Treatments during hospitalisation were prescribed by the

physician in charge of the patient following a local proto-
col approved by the institution’s ethical committee.



Impact of Treatment with Renin—Angiotensin System Inhibitors. .. 563
Fig. 1 Study flowchart. ACEi
iotensi t . . . .
inibitors, ARB angiotonsin-I1 Consecutive patients admitted in
receptor blockers, PCR protein hospital with SARS-CoV 2 infection
chain reaction, SARS-COV 2
severe acute respiratory syn-
drome coronavirus 2 n=1 086
= 376 patients without
_______________________________ hyperteqsion .
[ Exciusion Criteria: ] 1 | Sopeintauition et
R SRS : respiratory infection
= 5 patients with <18 years old
Consecutive patients admitted with SARS
CoV-2 acute respiratory infection
n=545
Previous treatment No previous
with ACEi or ARB treatment with ACEi

or ARB

n=392

2.5 Ethical Statement

The study protocol was performed according to the Decla-
ration of Helsinki and was approved by an ethical commit-
tee. Data were recorded using a dissociate-identity model
to preserve the anonymity of the enrolled patients.

2.6 Statistical Analysis

Gaussian or non-Gaussian distribution was evaluated by the
Kolmogorov—Smirnov test. Quantitative variables that fol-
low a normal distribution are expressed as mean + standard
deviation, and those with non-Gaussian distribution as median
(interquartile range). Qualitative variables are expressed as
percentages. For comparisons between quantitative variables,
Student’s t test or the Wilcoxon test was used. Qualitative vari-
ables were compared using the X2 test or McNemar’s test. A

n=153

Major adverse events
during hospitalization

two-tailed probability value of <0.05 was considered signifi-
cant, and all confidence intervals were computed at the 95%
confidence interval (CI). Time to event was analysed using a
Kaplan—Meier model, and groups were compared using the
log-rank test. A multivariable model was performed including
all the unequally distributed (p <0.05) variables in the univari-
ate analysis. A logistic regression model was implemented for
the binary endpoints and a Cox proportional hazards model for
the survival endpoints. The statistical analysis was performed
using the SPSS version 25.0 (IBM, New York).
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3 Results
3.1 Participants

From 3 March to 30 April 2020, 1086 patients were
admitted to our institution with diagnosis of SARS-CoV-2
infection. Five hundred forty-one patients met the exclu-
sion criteria and 545 patients were included in subsequent
analysis (Fig. 1). Among them, 392 were classified as the
ACEi/ARB group, and 153 were categorised as the non-
ACEi/ARB group.

The mean age was 76.5 + 12.3 years, and nearly 50%
of patients were male. The most prevalent cardiovascular
risk factor was diabetes (30.1%), although a high preva-
lence of other comorbid conditions, such as chronic lung
disease (22.6%) or chronic kidney disease (18.0%), was
found. Baseline characteristics of the study cohort are
presented in Table 1.

3.2 Previous Antihypertensive Treatment

The most frequently used antihypertensive drug was
ARB (used by the 43.5% of the patients), followed by thi-
azides (30.5%) and beta blockers (29.2%). Among those
patients who were treated with ACEi/ARBs, fewer were
concurrently treated with loop diuretics, beta blockers,
and aldosterone antagonists, and more were treated with
thiazides (Table 2).

3.3 Clinical and Biochemical Characteristics
at Admission and During Hospitalisation

Most patients were admitted within the first 7 days after
symptoms’ onset (63.1%) and had bilateral lung consoli-
dation in the first radiological study (72.7%). Respiratory
clinical repercussion was frequent, and the median CURB-
65 score was 1.9 + 1.2, similar between groups. Neverthe-
less, no differences were observed in clinical manifestations
at hospital admission between the ACEi/ARB and non-
ACEi/ARB groups. Clinical and biochemical data regard-
ing in-hospital admission are shown in the Supplementary
Material.

Most patients presented high levels of analytical inflam-
matory markers at admission: 87% had elevated C-reactive
protein, 79.3% had abnormal D-dimer values, and 90.4%
had high fibrinogen levels. Cytolysis enzymes were less
frequently elevated. Notably, high-sensitivity troponin was
requested for a small percentage of patients (4.8%). We did
not observe significant differences in biochemical parame-
ters when comparing the ACEi/ARB group to the non-ACEi/
ARB group (Supplementary Material).

3.4 In-Hospital Therapies

During hospitalisation, the most frequently prescribed
antihypertensive treatment was calcium channel block-
ers (54.4%), followed by ACEi or ARB (30.8%). Remark-
ably, 16.1% of patients did not received any antihyperten-
sive therapy during hospitalisation, although only 5% of

Table 1 Baseline characteristics
of the study cohort

Overall (n=545)

ACEi/ ARB (n=392) No ACEi/ARB p

(n=153)

Male sex (%) 283 (51.9) 206 (52.6) 77 (50.3) 0.640
Age (years) 76.5+12.3 759+12.1 78.0+12.9 0.076
Diabetes mellitus (%) 165 (30.1) 125 (31.9) 40 (26.1) 0.366
History of smoking (%) 99 (18.2) 70 (17.9) 29 (19.0) 0.675
Obesity (%) 108 (19.8) 81 (20.8) 27 (17.6) 0.427
Lung disease (%)

COPD 48 (8.8) 31(7.9) 17 (11.1) 0.236

Asthma 22 (4.0) 17 (4.3) 5(@3.3) 0.569

OSAS 53(9.7) 39(9.9) 14 (9.1) 0.771
Heart failure (%) 70 (12.8) 45 (11.5) 25 (16.3) 0.128
Reduced LVEF (%) 18 (3.3) 11 (2.8) 7 (4.6) 0.332
Ischemic heart disease (%) 69 (12.7) 53 (13.5) 16 (10.5) 0.334
Atrial fibrillation (%) 85 (15.6) 52 (13.3) 33 (21.6) 0.016
Chronic kidney disease (%) 98 (18.0) 65 (16.6) 33 (21.7) 0.162
Active cancer (%) 27 (5.0) 21 (5.4) 6(3.9) 0.592
Charlson Comorbidity Index 4.6+2.1 45+2.2 4.8+2.1 0.082

ACEi angiotensin converter enzyme inhibitors, ARB angiotensin receptor blockers, COPD chronic obstruc-
tive pulmonary disease, LVEF left ventricle ejection fraction, OSAS obstructive sleep apnea syndrome
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Table 2 Previous and in-hospital antihypertensive therapies
Overall (n=545) ACEi/ARB (n=392) No ACEI/ARB p
(n=153)
Previous admission Ah therapies
Loop diuretic (%) 130 (23.9) 86 (21.9) 44 (28.8) 0.093
Thiazide diuretic (%) 166 (30.5) 151 (38.5) 15(9.8) <0.001
Betablocker (%) 159 (29.2) 100 (25.5) 59 (38.6) 0.003
Calcium channel antagonist (%) 141 (25.9) 97 (24.7) 44 (28.8) 0.336
Mineralocorticoid receptor antagonist (%) 34(6.2) 18 (4.6) 16 (10.5) 0.011
Doxazosin (%) 45 (8.3) 29 (7.4) 16 (10.5) 0.244
In Hospital AH therapies
Any 457 (83.9) 392 (100) 119 (77.8) <0.001
AH without treatment 34 (6.2) 0 (0.0) 34 (22.2) <0.001
ACEi or ARB 168 (30.8) 150 (38.3) 18 (11.8) <0.001
5(3.6)
Mineralocorticoid antagonist (%) 22 (4.0) 14 (3.6) 8(5.2) 0.380
Calcium channel antagonist (%) 296 (54.4) 236 (60.4) 60 (39.2) <0.001
Diuretics (%) 154 (28.3) 102 (26.0) 52 (34.0) 0.063
Beta blockers (%) 142 (26.1) 95 (24.3) 47 (30.7) 0.125
Doxazosin (%) 36 (6.6) 25 (4.6) 11 (2.0) 0.737

ACEi angiotensin converter enzyme inhibitors, ARB angiotensin receptor blockers, AH arterial hypertension; n.a not applicable

patients were admitted with hypotension. This scenario was
more frequently found in the non-ACEi/ARB group (12.8%
vs. 21.8%; p<0.001). By contrast, the ACEi/ARB group
showed a higher prescription rate of RAS inhibitors (38.3%
vs. 11.8%; p<0.001) and calcium channel blockers (60.4%
vs. 39.2%; p < 0.001) during hospitalisation.

All patients received COVID-19-specific treatment for
the disease, hydroxychloroquine being the most frequently
used. Pharmacological treatment prescribed during hos-
pitalisation is shown in the Supplementary Material. No
differences were observed in COVID-19—specific therapy
prescription, but in-hospital treatment with lopinavir-riton-
avir was more frequent in the ACEi/ARB group (37.2% vs.
26.1%; p=0.014).

3.5 Adverse Events During Hospitalisation

After a median time of hospitalisation of 7 days (5—11 days),
188 (34.5%) patients presented the combined endpoint. The
ACEi/ARB group showed a trend for a lower incidence of
the composite endpoint (31.6% vs. 41.8%; p=0.080).

After multivariable analysis, previous treatment with
ACEi or ARB was not independently associated with the
primary endpoint [Adjusted OR 0.675 (95% CI 0.298-1.528;
p=0.146)].

The Kaplan—Meier analysis did not show differences in
the cumulative incidence of the combined event between
ACEi/ARB and non-ACEi/ARB groups (p=0.08) (Fig. 2).

One hundred eighty-two (33.4%) patients died during
hospitalisation, and 21 (3.9%) needed MVS. Patients with
previous ACEi/ARB treatment presented a lower all-cause
death rate [OR: 0.623 (95% CI 0.423-0.917; p=0.017)],
but no differences were observed in the need of MVS [OR:
3.846 (95% CI 0.885-16.714; p=0.072)]. Similarly, the
survival analysis showed that time to all-cause death was
significantly shorter in patients without previous ACEi/
ARB treatment (19.1 +1.6 vs. 22.3 + 1.4 days; p=0.030),
but no differences were observed regarding time to MVS
(p=0.059). The event rate during hospitalisation and the
survival analysis results are presented in Table 3 and Fig. 2.

After multivariable analysis, the previous treatment with
ACE:i or ARB remained an independent protective factor of
in-hospital death [Adjusted OR 0.550 (95% CI 0.304-0.930;
p=0.047)], although differences were not observed in the
Cox regression model (p=0.122). All the variables included
in the logistic regression models are shown in the Supple-
mentary Material.

4 Discussion

The main finding of this study is that antihypertensive
therapy with ACEI or ARB was associated with a benefi-
cial effect regarding in-hospital major adverse outcomes
in hypertensive patients admitted due to COVID-19. This
finding was derived from the lower all-cause mortality rate
among the patients treated with ACEi or ARB.
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Kaplan-Meier analysis of major adverse events
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Fig.2 Kaplan Meier curves of major adverse events during hospitalization: primary combined endpoint (a), all-cause mortality (b) and need of
mechanical ventilatory support (¢). ACEi angiotensin converter enzyme inhibitors, ARB angiotensin-II receptor blockers, HR hazard ratio

Table 3 Primary and secondary outcomes during hospitalization

Overall (n=545) ACEi/ARB (n=392) No ACEI/ARB p OR (95% CI) p*
(n=153)
Primary endpoint (%) 188 (34.5) 124 (31.6) 64 (41.8) 0.024 0.643 (0.438-0.946) 0.025
Death (%) 182 (33.4) 119 (30.4) 63 (41.2) 0.016 0.623 (0.423-0.917) 0.017
Need for MVS (%) 21(3.9) 19 (4.8) 2(1.3) 0.054 3.846 (0.880-16.714) 0.072
Overall (n=545) ACEi/ARB (n=392) No ACEI/ARB p* HR (95% CI) p#
(n=153)
Time to primary endpoint (days) 209+1.0 21.6+1.4 18.8+1.6 0.080 0.770 (0.568-1.042) 0.089
Time to death (days) 21.6+1.1 223+14 19.1+1.6 0.030 0.689 (0.508-0.935) 0.017
Time to need for MVS (days) 34.8+0.6 28.1+0.5 272+14 0.059 3.608 (0.840-15.493) 0.085

ACEI angiotensin converter enzyme inhibitors, ARB angiotensin-II receptor blockers, MVS mechanical ventilatory support

*p value of log-rank test; ¢p value of odds ratio; *p value of hazard ratio

Our results support recent findings in an Asian population  did not find other studies in hypertensive patients to which
that found a beneficial effect of treatment with ACEi or ARB  to compare our results.
prior to COVID-19 admission among patients with AH [11]. This study highlights the differences in COVID-19 sever-
Regarding the need for mechanical ventilatory support, we ity and AH prevalence and therapy between the Asiatic and
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European populations. We found a markedly higher preva-
lence of AH among COVID-19 patients than previous stud-
ies from China, which found prevalence between 15 and
31% in admitted patients with COVID-19 [1, 11, 18, 19].
This could represent the higher AH prevalence among the
European population when compared to the Chinese but also
could be a result of the older population of our study. Refer-
ring to AH therapy, the most frequent drugs prescribed in
our cohort were those endorsed by the current international
recommendations, suggesting an optimally treated popula-
tion [14]. The most frequent AH therapy substantially varies
from Chinese to European reports, with our results being
concordant with usual European AH therapies. In Europe,
ACEi and ARB are the most frequent antihypertensive ther-
apy, while in Asia, the calcium channel option seems to be
more attractive [20, 21].

One of the most impactful results is the substantial
increase in mortality when we compared our data with those
of other countries, which had mortality rates around 10%
among AH patients. This could be highly influenced by the
age of our population, almost 10 years older than that of
other studies [11, 12, 22], as well as due to a higher preva-
lence of comorbidities associated with worse prognosis, such
as asthma or chronic kidney disease. This hypothesis is sup-
ported by observational studies in China, with older cohort,
where AH patients had up to 44% mortality [21].

Notably, we observed a high percentage of patients in
whom, despite a lack of hypotension at admission, antihy-
pertensive therapy was retired. This scenario could have
been influenced by messages of alarm on social media and
among the scientific community about ACEi and ARB ther-
apy in patients with COVID-19 [23]. On the other hand, a
small proportion of patients started an ACEi or ARB.

To our knowledge, and regarding the geographical rel-
evance, our study includes the largest cohort of hyperten-
sive patients with COVID-19 in Europe. Spain is one of the
most affected countries in terms of mortality due to COVID-
19. With more than 45,000 deaths and more than 400,000
infected citizens, the country is the second in Europe, close
to the United Kingdom [16]. Remarkably, our institution is
the reference centre of the area with the highest mortality in
Spain, with 200.9 deaths per 100,000 habitants [24].

To summarise, ACEi and ARB were not associated
with worse outcomes in a large cohort of Mediterranean
hypertensive patients admitted with COVID-19 respiratory
infection, and no differences were observed between both
treatments.

4.1 Study Limitations
This is an observational study with all the limitations that

implies. We noted that patients could have had subopti-
mal treatment adherence prior to admission, as we only

considered drug prescriptions. Moreover, the absence of
patients with COVID-19 but without respiratory infection
could have influenced the results and must be taken under
consideration. Notably, we have suffered an abnormally high
demand for critical care measures during the COVID-19
pandemic, which could have influenced some clinical deci-
sions. In that way, the real rate of patients that could have
received mechanical ventilatory support might have been
underestimated, especially in the elderly population.

5 Conclusion

Among hypertensive patients with COVID-19, those treated
with ACEi or ARB did not present greater risk of all-cause
death or need for mechanical ventilatory support during hos-
pitalisation. Indeed, these therapies could even be associated
with a better prognosis.
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