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Abstract: Our main aim was to describe the effect on the severity of ACEI (angiotensin-converting
enzyme inhibitor) and ARB (angiotensin II receptor blocker) during COVID-19 hospitalization. A
retrospective, observational, multicenter study evaluating hospitalized patients with COVID-19
treated with ACEI/ARB. The primary endpoint was the incidence of the composite outcome of prog-
nosis (IMV (invasive mechanical ventilation), NIMV (non-invasive mechanical ventilation), ICU ad-
mission (intensive care unit), and/or all-cause mortality). We evaluated both outcomes in patients
whose treatment with ACEI/ARB was continued or withdrawn. Between February and June 2020,
11,205 patients were included, mean age 67 years (SD = 16.3) and 43.1% female; 2162 patients re-
ceived ACEI/ARB treatment. ACEI/ARB treatment showed lower all-cause mortality (p < 0.0001).
Hypertensive patients in the ACEI/ARB group had better results in IMV, ICU admission, and the
composite outcome of prognosis (p < 0.0001 for all). No differences were found in the incidence of
major adverse cardiovascular events. Patients previously treated with ACEI/ARB continuing treat-
ment during hospitalization had a lower incidence of the composite outcome of prognosis than
those whose treatment was withdrawn (RR 0.67, 95%CI 0.63-0.76). ARB was associated with better
survival than ACEI (HR 0.77, 95%CI 0.62-0.96). ACEI/ARB treatment during COVID-19 hospitali-
zation was associated with protection on mortality. The benefits were greater in hypertensive, those
who continued treatment, and those taking ARB.

Keywords: COVID-19; ACEI; ARB; prognosis; MACE

1. Introduction

It has been suggested that the renin-angiotensin-aldosterone system (RAAS) has a
relevant role in the pathogenesis of COVID-19 caused by SARS-CoV-2. The virus can in-
fect host cells through interaction with angiotensin-converting enzyme 2 in the respiratory
epithelium [1]. Therefore, there has been concern about risk related to the use of RAAS
blockers in the context of COVID-19.

This concern is even more relevant given that a large part of patients with COVID-19
is hypertensive. Hypertension and cardiovascular disease (pathologies in which these
drugs are usually prescribed) are more common in COVID-19 patients with severe disease
[2]. Several publications have provided data on the effect of angiotensin-converting en-
zyme inhibitors (ACEI) or angiotensin receptor blockers (ARB) in the context of SARS-
CoV-2 infection. None of them have shown a negative effect on COVID-19 mortality and
incidence, and some described an improvement in survival [1,3-5]. However, the effect of
maintaining or discontinuing ACEI/ARB during hospitalization is still uncertain. To date,
the main scientific societies advise against the interruption of these drugs due to the neg-
ative consequences that may arise from their suspension in patients with cardiovascular
diseases [6,7].

SARS-CoV-2 has high morbidity and mortality: as of March 10, 2021, nearly 118 mil-
lion (117,764,619) cases of COVID-19 had been diagnosed, and over 2,613,747 people had
died [8]. Therefore, the analysis of large datasets is essential to establish patient profiles
so that the currently available therapeutic tools can be used and it can be ascertained
whether treatment can alter the course of the disease.

The main objective of this work was to evaluate how treatment with ACEI/ARB in
hospitalized patients with COVID-19 modifies mortality and respiratory complications.
As secondary objectives, we analyzed whether treatment with these medications during
hospitalization had an effect on the incidence of major adverse cardiovascular events
(MACE) and the effect of withdrawing these drugs during hospitalization.



J. Clin. Med. 2021, 10, 2642

3 of 14

2. Materials and Methods
2.1. Study Design

This is an observational, retrospective, multicenter cohort study with the participa-
tion of 150 Spanish hospitals that is part of the SEMI-COVID-19 Network, an open initia-
tive of the Spanish Society of Internal Medicine (SEMI). The registry enrolls consecutive
patients with a positive SARS-CoV-2 real-time polymerase chain reaction (RT-PCR) of a
nasopharyngeal swab admitted to participating hospitals in Spain from February 2020
until June 4, 2020.

The inclusion criteria for the study were: age > 18 years, positive RT-PCR for SARS-
CoV-2, admission to any participating hospital, and availability of a minimum set of de-
mographic data (age, sex, race, and onset of symptoms). We excluded patients who re-
mained hospitalized as of June 4, 2020, those who did not have data available on treatment
with ACEI/ARB before and during hospitalization, or the date of the first positive RT-PCR
recorded (Figure 1).

‘ Included in the SEMI-COVID Registry as ofJune 4th 2020 = 13,257 patients

2052 patients did not meet the inclusion criteria or were missing data on treatment
> prior to or during hospitalizationt, date/reason of discharge or date of the positive
SARS-CoV2 RT-PCR

Included in the study = 11,205 patients

. A,

No prior treatment with ACEI/ARB = 7,308 patients ‘ I Prior treatment with ACEI/ARB = 3897 patients

Started ACEI/ARB treatment during hospitalization = 302 patients }———' ACEI/ARB treatment withdrawn during hospitalization = 2,037 patients

4

Not treated with ACEI/ARB Treated with ACEI/ARB
during hospitalization = during hospitalization =
9,043 patients 2,162 patients
A
I Hypertensive = 1,987 patients ‘ | Non-hypertensive = 175 patients

Figure 1. Patient inclusion flowchart. RT-PCR: real-time polymerase chain reaction, ACEI: angiotensin-converting enzyme
inhibitor, ARB: angiotensin II receptor blocker.

Patients were classified in the ACEI/ARB group if they received at least one dose of any
ACEI/ARB during hospitalization. The total dose of ACEI/ARB was not recorded in the reg-
istry. Previous ACEI/ARB use was determined based on the last entry in the medical chart.
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Each patient’s management and treatment was the responsibility of the attending
physicians based on their hospital protocols, the recommendations of the Spanish Agency
of Medicines and Medical Products, and their clinical judgment.

2.2. Data Collection

All data were collected from the medical charts and included in the registry’s en-
crypted online database. An independent external agency monitored and reviewed the
information for inconsistencies. Full details on the SEMI-COVID-19 Registry have been
described previously [9].

2.3. Main Outcomes

In order to evaluate the primary objective, we created a composite outcome of progno-
sis that included the need for invasive mechanical ventilation (IMV), non-invasive mechan-
ical ventilation (NIMV), intensive care unit (ICU) admission, and/or all-cause mortality.

As a secondary objective, we assessed the effect of ACEI/ARB treatment on cardio-
vascular risk in COVID-19 patients by establishing the composite outcome of major ad-
verse cardiovascular events (MACE), which included incidence of myocardial infarction
(MI), heart failure (HF), stroke, and/or any arrhythmia (atrial or ventricular). Cardiovas-
cular mortality was not included because this data was not available. We also evaluated
the composite outcome of prognosis and MACE in those that continued or discontinued
ACEI/ARB treatment during hospitalization.

2.4. Statistical Analysis

Quantitative variables were expressed as mean and standard deviation (SD) or median
and interquartile range (IQR) if they did not follow a Gaussian distribution. Categorical var-
iables were expressed as frequencies and percentages. Baseline characteristics were com-
pared between the ACEI/ARB and non-ACEI/ARB groups using Student’s t-test or the Wil-
coxon test for continuous variables or the chi-square test for qualitative variables.

We compared the incidence of both the aforementioned composite outcomes and of
each individual event during hospitalization between the ACEI/ARB and non-ACEI/ARB
groups using logistic regression models and estimating adjusted relative risks using the
marginal standardization method. On each regression analysis, several predictors were
considered to be possible modifying and/or confounding factors: age, sex, race, smoking,
alcohol use, hypertension, dyslipidemia, diabetes mellitus, obesity, chronic kidney dis-
ease, chronic heart failure, prior treatment with ACEI/ARB, Charlson Comorbidity Index,
and in-hospital treatment with tocilizumab or corticosteroids. Modifiers were first se-
lected by statistical criteria (p < 0.05) using likelihood-ratio tests, and then confounders
were chosen by comparing all possible subsets of the maximum model, which included
all the significant modifiers found in the first place. For the composite outcomes, we se-
lected the most parsimonious models that did not result in a clinically significant change
(< 5%) on the odds ratio in comparison to the maximal reference model. We could apply
this restrictive threshold as there were many models to compare, given the number of
predictors evaluated.

Early in the COVID-19 pandemic, a significant number of patients had treatment
withdrawn during hospitalization. Using logistic regression models, we analyzed
whether the effect of ACEI/ARB use was sustained in patients whose treatment was with-
drawn compared to those whose ACEI/ARB treatment was continued. On this analysis,
we considered the same composite outcomes of prognosis and MACE.

Lastly, we performed a survival analysis to evaluate the effect of ACEI/ARB use and
of continuing/withdrawing this treatment during hospitalization, comparing Kaplan-
Meier curves with the log-rank test. In addition, Cox proportional-hazards models al-
lowed for including additional covariates in a similar manner to the logistic regression
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analysis described above. These results were expressed as hazard ratios after confirming
that the proportional hazard assumption was met.

All statistical analyses were performed using Stata software (version 15.0, Stata Corp,
College Station, TX, USA). A two-tailed p-value of 5% was established as the threshold of
statistical significance.

2.5. Ethics

The SEMI-COVID-19 Registry was approved by the Provincial Research Ethics Com-
mittee of Malaga (code: “Registro SEMI-COVID-19”, approved 27th March, 2020). Given
the state of emergency declared during the pandemic, it was only mandatory for patients
to provide verbal consent. This manuscript was written following the recommendations
of the Strengthening the Reporting of Observational studies in Epidemiology (STROBE)
statement (STROBE Checklist in Supplementary Data).

3. Results
3.1. Study Population

A total of 11,205 patients were included in the study (Figure 1). The mean age of
patients was 67 years (SD = 16.3), 43.1% were female, and 89.3% were Caucasian. During
hospitalization, 2162 (19.3%) participants were treated with ACEI/ARB. Subjects in the
ACEI/ARB group were older (72.5 vs. 65.7 years, p < 0.0001), more frequently male (59.1%
vs. 56.3%, p = 0.018), Caucasian (93.8% vs. 88.2%, p <.001), more likely active smokers
(15.4% vs. 5.4%, p < 0.001) and with an alcohol use disorder (6.1% vs. 4.4%, p = 0.001) than
those in the non-ACEI/ARB group. Furthermore, they had more comorbidities (age-ad-
justed Charlson Comorbidity Index of 4.4 points (SD = 2.5) vs. 3.4 points (SD = 2.7), p
<.001), with hypertension being the most prevalent (92.1% vs. 39.7%, p < 0.001). Prior to
hospitalization, 41.5% of patients were treated with ACEI and 47.6% with ARB in the
ACEI/ARB group. In the non-ACEI/ARB group, 16.9% of patients were treated with ACEI
and 19% with ARB. The main reason for ACEI/ARB treatment (92% of the patients) was
hypertension, while 8% were taking these drugs for other diseases. Baseline characteristics
are shown in Table 1 (treatment and analytical data in Supplementary Table S1).

Table 1. Demographic and clinical data.

Total Population Non-ACEI/ARB ACEI/ARB Group

(n=11,205) Group (1= 9043) (n=2162) p-Value
Age (years): mean (SD) 67.0 (16.3) 65.7 (16.8) 72.5 (12.5) <0.0001
Female sex (%) 4827/11,190 (43.1%) 3944/9030 (43.7%) 883/2160 (40.9%) 0.018
Race/Ethnicity (%)
Caucasian 9831/11,014 (89.3%) 7836/8886 (88.2%) 1995/2128 (93.8%)

African 45/11,014 (0.4%) 36/8886 (0.4%) 9/2128 (0.4%)

Latin American 990/11,014 (9.0%) 892/8886 (10.0%) 98/2128 (4.6%) <0.001 *
Asian 50/11,014 (0.5%) 43/8886 (0.5) 7/2128 (0.3%)
Other 98/11,014 (0.9%) 79/8886 (0.9%) 19/2128 (0.9%)

Smoking (%)

Non-smoker

7438/10,699 (69.5%) 6125/8617 (71.1%) 1313/2082 (63.1%)  <0.001*
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Former smoker
Active smoker
Alcohol use disorder (%)
Comorbidities (%)
Hypertension
Dyslipidemia
Diabetes mellitus
Obesity
Heart failure
Ischemic heart disease
Cerebrovascular disease
Peripheral artery disease

Chronic kidney disease

Age-adjusted Charlson Comorbidity

Index: points (SD)
Previous treatment (%)
ACEI

ARB

2686/10,699 (25.0%)
575%10,699 (5.4%)

516/10,887 (4.7%)

5576/11,190 (49.8%)
4415/11,189 (39.5%)
2095/11,178 (18.7%)
2186/10,212 (21.4%)
811/11,186 (7.3%)
880/11,193 (7.9%)
797/11,173 (7.1%)
523/11,183 (4.7%)

665/11,183 (5.9%)

3.6(27)

1890/11,205 (16,9%)

2133/11,205 (19.0%)

2030/8617 (23.6%)
462/8617 (5.4%)

387/8780 (4.4%)

3589/9033 (39.7%)
3231/9029 (35.8%)
1464/9022 (16.2%)
1618/ 8242 (19.6%)
594/ 9030 (6.6%)
591/ 9032 (6.5 %)
598/9018 (6.6%)
387/9026 (4.3%)

491/9026 (5.4%)

34(2.7)

993/ 9043 (11.0%)

1103/9043 (12.2 %)

656/2082 (31.5%)
113/2082 (15.4%)

129/2107 (6.1%)

1987/2157 (92.1%)
1184/2160 (54.8%)
631/2156 (29.3%)
568/1970 (28.8%)
217/2156 (10.1%)
289/2161 (13.4%)
199/2155 (9.2%)
136/2157 (6.3%)

174/2157 (8.1%)

44 (2.47)

897/2162 (41.5%)

1030/2162 (47.6%)

0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.0001

<0.001

<0.001

SD: standard deviation, IQR: interquartile range, ACEI: angiotensin-converting enzyme inhibitor, ARB: angiotensin II re-
ceptor blocker. * The p-value refers to Caucasian and Latin American patients and all categories of smoking.

3.2. Outcomes of Prognosis

At least one of the events of the composite outcome of prognosis (IMV, NIMV, ICU

admission, or death) occurred in 569 patients (27.0%) in the ACEI/ARB group and in 2443
(27.6%) in the non-ACEI/ARB group (p = 0.6). The results of the univariate and multivari-
ate analyses are shown in Table 2.

Table 2. Univariate and multivariate analysis of prognosis outcomes by treatment group.

Univariate Multivariate
Non-ACEI/ARB ACEI/ARB
Outcome Group Group RR p-
RR (95%CI -Val

(95%CI) Value (95%CD) p-Value

Composite variable of prognosis: Normotensive:
IMVPN}M:’/ U dei)ssiin O’r' 2443/8854 569/2107 0.98 ooes | L12(090-138) 03085
’ ’death . ! (27.6%) (27.0%) (0.91-1.06) ’ Hypertensive: <0.0001

0.68 (0.62-0.75)

Normotensive:
115/2157 0.77 2.07 (1.42-3.02) 0.0002

* 0,

MV 622/9024 (6.9%) (5.3%) 064-094) OO0 hertensive:  <0.0001

0.50 (0.39-0.64)
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130/2156 1.37
I 26 (4.49 001 1.13 (0.90-1.4 2
NIMV 396/9026 (4.4%) G0%) Q131en 00015 3(0.90-1.43)  0.2908
Normotensive:
n 148/2161 0.81 176 (123-2.52)  0.0019
I * 767 59 014
U admission 67/9035 (8.5%) (6.8%) 068-096) M0 Hypertensive:  <0.0001
0.57 (0.46-0.71)
1897/8853 436/2105 0.97
Death 4897 0.65 (0.59-0.72 0001
eat o1 4%) 20.7%) 0ss10s 87 065059072 <0000

* A significant relationship with hypertension was found on the multivariate analysis. RR: relative risk, 95%CI: 95% con-
fidence interval, ACEL: angiotensin-converting enzyme inhibitor, ARB: angiotensin II receptor blocker, IMV: invasive me-
chanical ventilation, NIMV: non-invasive mechanical ventilation, ICU: intensive care unit.

In the study population as a whole, the multivariate analysis revealed that patients
treated with ACEI/ARB during hospitalization had lower mortality risk (RR 0.65, 95%CI
0.59-0.72) with no significant effect on the probability of needing NIMV (RR 1.13, 95%CI
0.9-1.43).

We found different effects in hypertensive and non-hypertensive patients on the re-
maining components of the composite outcome of prognosis. In the hypertensive sub-
group, treatment with ACEI/ARB during hospitalization was associated with a lower
prevalence of the composite variable of prognosis (RR 0.68, 95%CI 0.62-0.75), IMV (RR
0.50, 95%CI 0.39-0.64), and ICU admission (RR 0.57, 95%CI 0.46-0.71). In the normoten-
sive subgroup, it showed a neutral effect on the composite variable of prognosis (RR 1.12,
95%CI 0.90-1.38), and it was associated with a higher risk of IMV (RR 2.07, 95%CI 1.42—
3.02) and ICU admission (RR 1.76, 95%CI 1.23-2.52). Neither NIMV nor all-cause mortality
had a significant relationship with hypertension or any other predictors. Reduced regres-
sion model in Supplementary Table S2.

On the survival analysis, significant differences between the ACEI/ARB and non-ACEI/ARB
groups were found when patients were classified by hypertensive status (Figure 2).

A) Normotensive patients

1.00

ACEWARB during admission
————— No Yes

0.75

Logrank: p=0.0982

Survival probability
0.50

w il e e e e —— — o ————
o™ 4
o
(=]
C)__
(=] T T T T T T T T T T T T T
0 30 60 90 120 150 180 210 240 270 300 330 360
Time (days)
Group Interval (days) | Beginning total | Deaths Lost Survival probability (CI)
No 0-30 5366 585 4291 0.818 (0.805-0.831)
treatment
during 30-60 490 68 393 0.629 (0.586-0.668)
admission 60-90 29 6 21 0.425 (0.287-0.556)
Treatment 0-30 165 25 111 0.772 (0.681-0.840)
during
admission 30-60 29 4 23 0.595 (0.415-0.737)
60-90 2 1 1 0.198 (0.001-0.674)
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0.75 1.00
1 |

Survival probability
0.50
1

B) Hypertensive patients

ACEVARE during admission

No Yes

Logrank: p = 0.0001

'y]
C'\‘I -
=]
i |
I
8 | 1
o T T T T
0 30 60 90
Time (days)
Group Interval (days) | Beginning total | Deaths Lost Survival probability (CI)
No 0-30 3525 1096 2062 0.561 (0.541-0.580)
treatment
duri 30-60 367 81 266 0.367 (0.330-0.403)
uring
admission 60-90 20 4 15 0.249 (0.158-0.351)
Treatment 0-30 1936 357 1382 0.713 (0.687-0.738)
during
- 30-60 197 29 160 0.537 (0.476-0.593)
admission
60-90 8 2 6 0.322 (0.117-0.550)

Figure 2. Effect on survival of treatment with ACEI/ARB during hospitalization. (A) Kaplan-Meier
survival analysis for normotensive patients; (B) Kaplan-Meier survival analysis for hypertensive
patients. Treatment with ACEI/ARB in solid lines; non-ACEI/ARB group in dotted lines.
ACEI/ARBACEI: Angiotensin-Converting Enzyme Inhibitor. ARB: Angiotensin Receptor Blocker.

Statistical significance was determined with a log-rank test.

We also performed a Cox regression, and since it did not meet the proportionality
assumption, we calculated the HR for different periods of time, starting with the onset of
symptoms. It showed a protective effect of ACEI/ARB treatment that progressively de-

creased over time (Table 3).

Table 3. Survival analysis: hazard ratios (HR) estimated via Cox regression.

Comparison Adjusted HR 95%CI p-Value
ACEI/ARB vs. non-ACEI/ARB From the onset of symptoms:
S At7 days: 057 0.49-0.66 <0.001
§Hosp At 30 days: 0.68 0.55-0.85 0.001
ACEI/ARB continued vs. with- | oM the onset of symptoms:
drawr‘: ' At7 days: 0.52 0.44-0.60 <0.001
At 30 days: 0.79 0.60-1.05 0.110
ARB vs. ACEI 0.77 0.62-0.96 0.027

HR: hazard ratio, 95%CI: 95% confidence interval, ACEI: angiotensin-converting enzyme inhibitor,

ARB: angiotensin II receptor blocker.
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3.3. Major Adverse Cardiovascular Events

In the ACEI/ARB group, 12% of patients had a MACE. This percentage was signifi-

cantly higher than the 9.2% found in the non-ACEI/ARB group (p = 0.001). A description
of the major adverse cardiovascular events by group is shown in Table 4.

Table 4. Univariate and multivariate analysis of MACE outcomes by treatment group.

Non-ACEI/ARB ACEI/ARB Univariate Multivariate
Outcome G G
roup roup RR (95%CI)  p-Value  RR(95%CI)  p-Value
Major adverse cardiovascular
events (MACE): M1, HF, o 257/2144 1.30 0.94
stroke, 827/8986 (9.2%) (12.0%) (1.14-1.49) 0.0001 (0.81-1.09) 04211
arrhythmia
1.95 1.64
0, 0,
MI 60/9005 (0.7%) 28/2151 (1.3%) (123-3.05) 0.0043 (0.93-2.89) 0.0877
1.33 1.03
HF 4/9010 (5.6 160/2150 (7.49 .0014 .7597
504/9010 (5.6%) 60/2150 (7.4%) (1.12-158) 0.00 (0.85-1.26) 0.759
1.48 0.90
0, 0,
Stroke 51/9003 (0.6%) 18/2153 (0.8%) (0.86-2.52) 0.2005 (046-1.73) 0.7435
Arrhythmia 347/9002 (3.9%)  104/2152 (4.8%) 125 0.0446 086 0.2335
(1.01-1.55) (0.66-1.11)

RR: relative risk, 95%CI: 95% confidence interval, ACEI: angiotensin-converting enzyme inhibitor, ARB: angiotensin II
receptor blocker, MI: myocardial infarction, HF: heart failure.

After adjusting, treatment with ACEI/ARB during hospitalization was found to be
neither protective nor harmful regarding MACE (RR 0.94, 95%CI 0.81-1.09) or any of its
components (multivariate analysis in Table 4). Reduced regression model in Supplemen-
tary Table S2.

3.4. ACEI/ARB Continuation Versus Withdrawal During Hospitalization

A total of 3897 patients were receiving ACEI and/or ARB prior to hospitalization. Of
them, 1860 continued treatment. The ACEI/ARB group had alower probability of the com-
posite variable of prognosis (RR 0.66, 95%CI 0.6-0.72) and MACE (RR 0.75, 95%CI 0.64—
0.88) compared to the non-ACEI/ARB group. This effect was sustained on the multivariate
analysis for the composite variable of prognosis (RR 0.67, 95%CI 0.63-0.76) but not for
MACE (RR 0.86, 95%CI 0.73-1.01).

There was also a significant difference in the survival analysis between the
ACEI/ARB and non-ACEI/ARB groups (Figure 3). Continuing ACEI/ARB treatment led
to a lower risk of death on the Cox regression, but this protective effect also diminished
over time (Table 3).
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Figure 3. Effect on survival of discontinuation vs. continuation of ACEI/ARB treatment during hospitalization. Kaplan—
Meier survival analysis comparing continuation of ACEI/ARB (solid lines) with its withdrawing (dotted lines). ACEI:
angiotensin-converting enzyme inhibitor. ARB: angiotensin receptor blocker. Statistical significance was determined with
a log-rank test.

3.5. Comparison Between ACEI and ARB

When comparing the effects of ACEI versus ARB, no significant differences were
found on the univariate or multivariate analyses in terms of the composite variable of
prognosis or MACE. Nevertheless, a more favorable effect on survival was found with
ARB after adjusting for confounding factors (Table 3).

4. Discussion

In this series, we analyzed the effects of ACEI and ARB in a large number of patients
admitted to Spanish hospitals for COVID-19 between February and June 2020. The most
relevant finding of this study is that ACEI/ARB treatment during hospitalization was as-
sociated with a 30% reduction in mortality.

It is especially relevant to highlight the benefits of ACEI/ARB in hypertensive pa-
tients with COVID-19. Indeed, 92.1% of those who received these drugs during hospitali-
zation were hypertensive, and results showed a relative risk reduction (RRR) of 32% on
the composite variable of prognosis in these patients. There was also a significant benefit
observed on other variables: 50% RRR for IMV, 43% for ICU admission, and 35% for all-
cause mortality.

The results obtained with ACEI/ARB are noteworthy if we consider that the group of
patients who received these drugs had higher mean age, greater comorbidity, and higher
prevalence of cardiovascular diseases and risk factors). It has been published in this reg-
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istry [10], and in other series [11] that age, hypertension, and previous cardiovascular dis-
ease are factors associated with a worse prognosis and higher risk of mortality in patients
with SARS-CoV-2 infections.

Our results are consistent with other published series of COVID-19 patients previ-
ously treated with ACEI/ARB. Data reported by Reynolds et al. [1] and Mancia et al. [5]
showed no association between ARB/ACEI use and risk of infection for COVID-19 or a
severe course of the disease. In both studies, the treated group also had a worse clinical
profile and higher prevalence of cardiovascular diseases. Other large series also showed
this neutral effect of ACEI/ARB in SARS-CoV-2 infection [3,4]. In addition, no difference
in the incidence or severity of COVID-19 has been demonstrated in series comparing
ACEI/ARB with other antihypertensives [1,12,13]. Previous meta-analyses have con-
firmed the absence of a harmful effect of these drugs [14-16].

To date, there is insufficient evidence of the effect of ACEI/ARB used during COVID-
19 hospitalization. A randomized clinical trial found no difference in mortality between
those who were maintained on ACEI/ARB and those who were discontinued [17]. How-
ever, two small retrospective series described lower mortality in patients that continued
ACEI/ARB during hospitalization [18,19].

As in our survival analysis, previous studies analyzing 28-days mortality described
the benefit of maintaining ACEI/ARB during COVID-19 hospitalization [20,21]. These re-
sults suggest that ACEI/ARB withdrawal can lead to a greater risk for complications and
mortality for most patients. Some authors have suggested that the benefit of ACEI/ARB
treatment is based on the lower inflammatory response during acute lung injury due to
blockage of the RAAS, especially with ARB [18,22].

Our study also includes a small proportion of patients (8%; 170 patients) who re-
ceived ACEI/ARB for diseases other than hypertension, including heart failure, coronary
heart disease, and chronic kidney disease. However, we were not able to determine the
cause of treatment in a significant number of patients. In many of them, ACEI/ARB might
cause adverse effects during hospitalization, such as hypotension or acute renal failure.
This could explain the worse prognosis of this subgroup and why the results observed in
the entire study population are not as unequivocal as in the hypertensive population.
Acute kidney injury has been reported in a small series of hospitalized patients with
COVID-19 in whom treatment with ACEI/ARB was maintained. [23] For this reason, some
authors exclude patients with severe organ dysfunction and patients with hypotension
from their series [20,21].

No benefits were observed in the reduction in MACE. In the published clinical trial,
Lopes et al.[17] also found no difference on the MACE analyzed. The beneficial effects of
ACEI/ARB have been widely demonstrated for each of the cardiovascular events included
in MACE [24]. The higher mean age and prevalence of cardiovascular risk factors and car-
diovascular diseases in the ACEI/ARB group may explain the greater incidence of cardio-
vascular events observed. This result suggests that the benefit achieved with ACEI/ARB
during COVID-19 hospitalization is not cardiovascular but rather of another nature.

Though no differences were noted between ACEI and ARB on the main composite
outcomes, a significant difference in survival was found in the group that received ARB
(23% reduction in mortality). A recently published article found a similar result with ARB
treatment [10]. Although current data is limited, inconclusive, and based on animal mod-
els, there is some evidence that ARB may have a beneficial effect in reducing angiotensin
[I-induced alveolar permeability, an effect not observed with ACEI [22].

Our study has several strengths. First, a large number of patients were recruited. In
fact, it is one of the largest series of patients with COVID-19 published to date. As a na-
tionwide study, it quite accurately reflects the reality in Spain during the first months of
the pandemic and avoids the biases of other published series that include data from only
a few centers. Second, we included hypertensive patients as well as all who received
ACEI/ARB during hospitalization for COVID-19. Unlike other series and in addition to
mortality, major respiratory and cardiovascular complications were included as one of the
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main objectives of this study, and we analyzed the effect that discontinuation of these
drugs had on these complications.

This study also has several limitations. First, it is retrospective and observational.
Second, the decision to maintain/withdraw treatment depended on each hospital’s proto-
col or each attending physician’s judgment. This could lead to selection bias not only in
favor of ACEI/ARB, withdrawing these drugs in patients with worse prognosis, but also
against them, maintaining them in non-hypertensive patients with complications that can
be worsened by ACEI/ARB. The reason for discontinuing ACEI/ARB was not available in
the SEMI-COVID-19 Registry. However, early in the pandemic, the uncertainty about the
safety of ACEI/ARB during SARS-CoV-2 infection could have led to their withdrawal in
many cases. Third, we do not know which ACEI/ARB drugs were used, at what doses,
and for how long. Lastly, this series mainly comprises Caucasian patients, so our results
may not be extrapolated to other populations.

5. Conclusions

In conclusion, our results suggest that ACEI/ARB should not be routinely withdrawn
in patients hospitalized for COVID-19, especially in hypertensive patients. However, to
confirm these results, more prospective and randomized controlled trials are needed. This
work also points to an exciting field of research to be explored further: analysis of the
molecular mechanisms that underlie the possible protective effect of ACEI/ARB against
SARS-CoV-2.

Supplementary Materials: The following are available online at www.mdpi.com/2077-
0383/10/12/2642/s1, Table S1: Laboratory and treatment data according to ACEI/ARB treatment
group, Table S2: Reduced logistic regression models, Supplementary Materials: list of the SEMI-
COVID Network members; STROBE Checklist.
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