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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
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prognosis (IMV (invasive mechanical ventilation), NIMV (non-invasive mechanical ventilation),
ICU admission (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patients whose treatment with ACEI/ARB was continued or withdrawn.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
received 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
treatment 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than those whose treatment was withdrawn (RR 0.67, 95%CI 0.63–0.76).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
hospitalization 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 infect
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 enzyme
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
negative consequences that may arise from their suspension in patients with cardiovascular
diseases [6,7].

SARS-CoV-2 has high morbidity and mortality: as of 10 March 2021, nearly 118 million
(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.

2. Materials and Methods
2.1. Study Design

This is an observational, retrospective, multicenter cohort study with the participation
of 150 Spanish hospitals that is part of the SEMI-COVID-19 Network, an open initiative
of the Spanish Society of Internal Medicine (SEMI). The registry enrolls consecutive pa-
tients 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 4 June 2020.
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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
demographic data (age, sex, race, and onset of symptoms). We excluded patients who
remained hospitalized as of 4 June 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).

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 registry. Previous ACEI/ARB use was determined based on the last entry in the
medical chart.

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].
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2.3. Main Outcomes

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

As a secondary objective, we assessed the effect of ACEI/ARB treatment on cardiovas-
cular risk in COVID-19 patients by establishing the composite outcome of major adverse
cardiovascular events (MACE), which included incidence of myocardial infarction (MI),
heart failure (HF), stroke, and/or any arrhythmia (atrial or ventricular). Cardiovascu-
lar 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
variables were expressed as frequencies and percentages. Baseline characteristics were
compared between the ACEI/ARB and non-ACEI/ARB groups using Student’s t-test or
the Wilcoxon 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 disease,
chronic heart failure, prior treatment with ACEI/ARB, Charlson Comorbidity Index, and
in-hospital treatment with tocilizumab or corticosteroids. Modifiers were first selected
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 selected
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 withdrawn
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 allowed
for including additional covariates in a similar manner to the logistic regression 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 Málaga (code: “Registro SEMI-COVID-19”, approved 27 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
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of the Strengthening the Reporting of Observational studies in Epidemiology (STROBE)
statement (STROBE Checklist in Supplementary Materials).

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 < 0.001), 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-
adjusted Charlson Comorbidity Index of 4.4 points (SD = 2.5) vs. 3.4 points (SD = 2.7),
p < 0.001), 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
(n = 11,205)

Non-ACEI/ARB
Group (n = 9043)

ACEI/ARB Group
(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%)

<0.001 *
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%)
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 *Former smoker 2686/10,699 (25.0%) 2030/8617 (23.6%) 656/2082 (31.5%)
Active smoker 575%10,699 (5.4%) 462/8617 (5.4%) 113/2082 (15.4%)

Alcohol use disorder (%) 516/10,887 (4.7%) 387/8780 (4.4%) 129/2107 (6.1%) 0.001

Comorbidities (%)
Hypertension 5576/11,190 (49.8%) 3589/9033 (39.7%) 1987/2157 (92.1%) <0.001
Dyslipidemia 4415/11,189 (39.5%) 3231/9029 (35.8%) 1184/2160 (54.8%) <0.001

Diabetes mellitus 2095/11,178 (18.7%) 1464/9022 (16.2%) 631/2156 (29.3%) <0.001
Obesity 2186/10,212 (21.4%) 1618/8242 (19.6%) 568/1970 (28.8%) <0.001

Heart failure 811/11,186 (7.3%) 594/9030 (6.6%) 217/2156 (10.1%) <0.001
Ischemic heart disease 880/11,193 (7.9%) 591/9032 (6.5%) 289/2161 (13.4%) <0.001

Cerebrovascular disease 797/11,173 (7.1%) 598/9018 (6.6%) 199/2155 (9.2%) <0.001
Peripheral artery disease 523/11,183 (4.7%) 387/9026 (4.3%) 136/2157 (6.3%) <0.001
Chronic kidney disease 665/11,183 (5.9%) 491/9026 (5.4%) 174/2157 (8.1%) <0.001
Age-adjusted Charlson

Comorbidity Index: points
(SD)

3.6 (2.7) 3.4 (2.7) 4.4 (2.47) <0.0001

Previous treatment (%)
ACEI 1890/11,205 (16,9%) 993/9043 (11.0%) 897/2162 (41.5%) <0.001
ARB 2133/11,205 (19.0%) 1103/9043 (12.2%) 1030/2162 (47.6%) <0.001

SD: standard deviation, IQR: interquartile range, ACEI: angiotensin-converting enzyme inhibitor, ARB: angiotensin II receptor blocker. *
The p-value refers to Caucasian and Latin American patients and all categories of smoking.
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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
multivariate analyses are shown in Table 2.

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

Outcome Non-ACEI/ARB
Group

ACEI/ARB
Group

Univariate Multivariate

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

Composite variable
of prognosis: IMV,

NIMV, ICU
admission, or death *

2443/8854 (27.6%) 569/2107
(27.0%) 0.98 (0.91–1.06) 0.6064

Normotensive:
1.12 (0.90–1.38)
Hypertensive:

0.68 (0.62–0.75)

0.3085
<0.0001

IMV * 622/9024 (6.9%) 115/2157 (5.3%) 0.77 (0.64–0.94) 0.0100

Normotensive:
2.07 (1.42–3.02)
Hypertensive:

0.50 (0.39–0.64)

0.0002
<0.0001

NIMV 396/9026 (4.4%) 130/2156 (6.0%) 1.37 (1.13–1.67) 0.0015 1.13 (0.90–1.43) 0.2908

ICU admission * 767/9035 (8.5%) 148/2161 (6.8%) 0.81 (0.68–0.96) 0.0140

Normotensive:
1.76 (1.23–2.52)
Hypertensive:

0.57 (0.46–0.71)

0.0019
<0.0001

Death 1897/8853 (21.4%) 436/2105
(20.7%) 0.97 (0.88–1.06) 0.4897 0.65 (0.59–0.72) <0.0001

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

In the study population as a whole, the multivariate analysis revealed that pa-
tients 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 subgroup,
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 normotensive 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 regression
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).
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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 hyper-
tensive 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
decreased over time (Table 3).
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Table 3. Survival analysis: hazard ratios (HR) estimated via Cox regression.

Comparison Adjusted HR 95%CI p-Value

ACEI/ARB vs.
non-ACEI/ARB during

hospitalization

From the onset of symptoms:
At 7 days: 0.57

At 30 days: 0.68

0.49–0.66
0.55–0.85

<0.001
0.001

ACEI/ARB continued vs.
withdrawn

From the onset of symptoms:
At 7 days: 0.52
At 30 days: 0.79

0.44–0.60
0.60–1.05

<0.001
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: an-
giotensin II receptor blocker.

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.

Outcome Non-ACEI/ARB
Group

ACEI/ARB
Group

Univariate Multivariate

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

Major adverse
cardiovascular events

(MACE): MI, HF, stroke,
arrhythmia

827/8986 (9.2%) 257/2144
(12.0%)

1.30
(1.14–1.49) 0.0001 0.94

(0.81–1.09) 0.4211

MI 60/9005 (0.7%) 28/2151 (1.3%) 1.95
(1.23–3.05) 0.0043 1.64

(0.93–2.89) 0.0877

HF 504/9010 (5.6%) 160/2150 (7.4%) 1.33
(1.12–1.58) 0.0014 1.03

(0.85–1.26) 0.7597

Stroke 51/9003 (0.6%) 18/2153 (0.8%) 1.48
(0.86–2.52) 0.2005 0.90

(0.46–1.73) 0.7435

Arrhythmia 347/9002 (3.9%) 104/2152 (4.8%) 1.25
(1.01–1.55) 0.0446 0.86

(0.66–1.11) 0.2335

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 nei-
ther protective nor harmful regarding MACE (RR 0.94, 95%CI 0.81–1.09) or any of its compo-
nents (multivariate analysis in Table 4). Reduced regression model in Supplementary 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 a lower probability
of the composite 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 hos-
pitalization. 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
associated with a 30% reduction in mortality.

It is especially relevant to highlight the benefits of ACEI/ARB in hypertensive patients
with COVID-19. Indeed, 92.1% of those who received these drugs during hospitalization
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
registry [10], and in other series [11] that age, hypertension, and previous cardiovascular
disease are factors associated with a worse prognosis and higher risk of mortality in patients
with SARS-CoV-2 infections.
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Our results are consistent with other published series of COVID-19 patients previously
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 confirmed 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
results 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 received
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 cardiovascular diseases in the ACEI/ARB group may explain the greater
incidence of cardiovascular 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 models,
there is some evidence that ARB may have a beneficial effect in reducing angiotensin
II-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
nationwide 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 main objectives of this study, and we analyzed the effect that discontinuation of these
drugs had on these complications.
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This study also has several limitations. First, it is retrospective and observational.
Second, the decision to maintain/withdraw treatment depended on each hospital’s protocol
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 https://www.mdpi.com/article/10
.3390/jcm10122642/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.

Author Contributions: All authors met the authorship criteria. E.R.-V., A.S.P., J.D.T.P., B.S.M., R.G.-
H., J.M.C.-R. and J.M.N.-C. were responsible for conception and design; F.A., M.J.G.B., J.L.M., J.L.R.-C.,
C.R.H.G., J.B., M.R.-R., S.P.O., V.M.S., J.B.R.-S., R.G.S., J.L.d.P., A.G.N., M.S.N.-A., B.C.R., J.N.A.,
A.S.-L. and J.A.S. collaborated on data acquisition. B.S.M., J.D.T.P., and J.M.C.-R. were responsible
for data analysis and interpretation. E.R.-V., A.S.P., J.D.T.P. and B.S.M. drafted the manuscript and
provided final approval. All authors reviewed and approved the manuscript. E.R.-V. and A.S.P. are
responsible for the overall content as guarantors. All authors have read and agreed to the published
version of the manuscript.

Funding: The authors received no specific funding for this work. The SEMI-COVID-19 Network is
supported by the SEMI. The work of ERV has been funded by a Rio-Hortega grant CM19/00149 from
the Ministerio de Economía y Competitividad (Instituto de Salud Carlos III) and co-funded by The
European Regional Development Fund (ERDF) “A way to make Europe”.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and was approved by the Provincial Research Ethics Committee of Málaga
(code: “Registro SEMI-COVID-19”, approved the 27 March 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Given the state of emergency declared during the pandemic, it was only mandatory for
patients to provide verbal consent.

Data Availability Statement: All data will be available under reasonable request.

Acknowledgments: We acknowledge all the investigators who participate in the SEMI-COVID-19
Registry. We also thank the SEMI-COVID-19 Registry Coordinating Center, S&H Medical Science
Service for their quality control data, logistic and administrative support.

Conflicts of Interest: The authors declare no conflict of interest.

https://www.mdpi.com/article/10.3390/jcm10122642/s1
https://www.mdpi.com/article/10.3390/jcm10122642/s1


J. Clin. Med. 2021, 10, 2642 12 of 13

References
1. Reynolds, H.R.; Adhikari, S.; Pulgarin, C.; Troxel, A.B.; Iturrate, E.; Johnson, S.B.; Hausvater, A.; Newman, J.D.; Berger, J.S.;

Bangalore, S.; et al. Renin–Angiotensin–Aldosterone System Inhibitors and Risk of Covid-19. N. Engl. J. Med. 2020, 382, 2441–2448.
[CrossRef] [PubMed]

2. Zhou, F.; Yu, T.; Du, R.; Fan, G.; Liu, Y.; Liu, Z.; Xiang, J.; Wang, Y.; Song, B.; Gu, X.; et al. Clinical course and risk factors for mor-
tality of adult inpatients with COVID-19 in Wuhan, China: A retrospective cohort study. Lancet 2020, 395, 1054–1062. [CrossRef]

3. Fosbøl, E.L.; Butt, J.H.; Østergaard, L.; Andersson, C.; Selmer, C.; Kragholm, K.; Schou, M.; Phelps, M.; Gislason, G.H.; Gerds,
T.A.; et al. Association of Angiotensin-Converting Enzyme Inhibitor or Angiotensin Receptor Blocker Use With COVID-19
Diagnosis and Mortality. JAMA 2020, 324, 168. [CrossRef] [PubMed]

4. Savarese, G.; Benson, L.; Sundström, J.; Lund, L.H. Association between renin–angiotensin–aldosterone system inhibitor use
and COVID-19 hospitalization and death: A 1.4 million patient nationwide registry analysis. Eur. J. Heart Fail. 2020, 23, 476–485.
[CrossRef] [PubMed]

5. Mancia, G.; Rea, F.; Ludergnani, M.; Apolone, G.; Corrao, G. Renin–Angiotensin–Aldosterone System Blockers and the Risk of
Covid-19. N. Engl. J. Med. 2020, 382, 2431–2440. [CrossRef] [PubMed]

6. ESC Council on Hypertension. Position Statement of the ESC Council on Hypertension on ACE-Inhibitors and Angiotensin
Receptor Blockers 2020. 2020. Available online: https://www.escardio.org/Councils/Council-on-Hypertension-(CHT)/News/
position-statement-of-the-esc-council-on-hypertension-on-ace-inhibitors-and-ang (accessed on 13 September 2020).

7. American Heart Association; Heart Failure Society of America; American College of Cardiology. HFSA/ACC/AHA Satement
Addresses Concerns Regarding Using RAAS Antagonists in COVID 19. 2020. Available online: https://professional.heart.org/
en/science-news/hfsa-acc-aha-statement-addresses-concerns-regarding-using-raas-antagonists-in-covid-19 (accessed on 13
September 2020).

8. Johns Hopkins University. COVID-19 Dashboard by the Center for Systems Science and Engineering (CSSE) at Johns Hopkins
University. 2021. Available online: https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd402
99423467b48e9ecf6 (accessed on 10 March 2021).

9. Casas-Rojo, J.M.; Antón-Santos, J.M.; Millán-Núñez-Cortés, J.; Lumbreras-Bermejo, C.; Ramos-Rincón, J.M.; Roy-Vallejo, E.;
Artero-Mora, A.; Arnalich-Fernández, F.; García-Bruñén, J.M.; Vargas-Núñez, J.A.; et al. Características clínicas de los pacientes
hospitalizados con COVID-19 en España: Resultados del Registro SEMI-COVID-19. Rev. Clínica Española 2020, 220, 480–494.
[CrossRef] [PubMed]

10. Rodilla, E.; Saura, A.; Jiménez, I.; Mendizábal, A.; Pineda-Cantero, A.; Lorenzo-Hernández, E. Association of Hypertension with
All-Cause Mortality among Hospitalized Patients with COVID-19. J. Clin. Med. 2020, 9, 3136. [CrossRef]

11. Huang, C.; Wang, Y.; Li, X.; Ren, L.; Zhao, J.; Hu, Y.; Zhang, L.; Fan, G.; Xu, J.; Gu, X.; et al. Clinical features of patients infected
with 2019 novel coronavirus in Wuhan, China. Lancet 2020, 395, 497–506. [CrossRef]

12. Trifirò, G.; Massari, M.; Da Cas, R.; Ippolito, F.M.; Sultana, J.; Crisafulli, S.; Rossi, P.G.; Marino, M.; Zorzi, M.; Bovo, E.; et al.
Renin–Angiotensin–Aldosterone System Inhibitors and Risk of Death in Patients Hospitalised with COVID-19: A Retrospective
Italian Cohort Study of 43,000 Patients. Drug Saf. 2020, 43, 1297–1308. [CrossRef]

13. Semenzato, L.; Botton, J.; Drouin, J.; Baricault, B.; Vabre, C.; Cuenot, F.; Penso, L.; Herlemont, P.; Sbidian, E.; Weill, A.; et al.
Antihypertensive Drugs and COVID-19 Risk. Hypertension 2021, 77, 833–842. [CrossRef]

14. Barochiner, J.; Martínez, R. Use of inhibitors of the renin-angiotensin system in hypertensive patients and COVID-19 severity:
A systematic review and meta-analysis. J. Clin. Pharm. Ther. 2020, 45, 1244–1252. [CrossRef]

15. Xu, J.; Teng, Y.; Shang, L.; Gu, X.; Fan, G.; Chen, Y.; Tian, R.; Zhang, S.; Cao, B. The Effect of Prior ACEI/ARB Treatment on
COVID-19 Susceptibility and Outcome: A Systematic Review and Meta-Analysis. Clin. Infect. Dis. 2020. [CrossRef]

16. Wang, Y.; Chen, B.; Li, Y.; Zhang, L.; Wang, Y.; Yang, S.; Xiao, X.; Qin, Q. The use of renin–angiotensin–aldosterone system (RAAS)
inhibitors is associated with a lower risk of mortality in hypertensive COVID-19 patients: A systematic review and meta-analysis.
J. Med. Virol. 2021, 93, 1370–1377. [CrossRef]

17. Lopes, R.D.; Macedo, A.V.; Silva, P.G.; Moll-Bernardes, R.J.; Dos Santos, T.M.; Mazza, L.; Feldman, A.; Arruda, G.D.; Denílson,
C.; Camiletti, A.S.; et al. Effect of Discontinuing vs. Continuing Angiotensin-Converting Enzyme Inhibitors and Angiotensin II
Receptor Blockers on Days Alive and Out of the Hospital in Patients Admitted With COVID-19: A Randomized Clinical Trial.
JAMA 2021, 325, 254. [CrossRef]

18. Meng, J.; Xiao, G.; Zhang, J.; He, X.; Ou, M.; Bi, J.; Yang, R.; Di, W.; Wang, Z.; Li, Z.; et al. Renin-angiotensin system inhibitors
improve the clinical outcomes of COVID-19 patients with hypertension. Emerg. Microbes Infect. 2020, 9, 757–760. [CrossRef]

19. Lam, K.W.; Chow, K.W.; Vo, J.; Hou, W.; Li, H.; Richman, P.S.; Mallipattu, S.K.; Skopicki, H.A.; Singer, A.J.; Duong, T.Q.; et al.
Continued In-Hospital Angiotensin-Converting Enzyme Inhibitor and Angiotensin II Receptor Blocker Use in Hypertensive
COVID-19 Patients Is Associated With Positive Clinical Outcome. J. Infect. Dis. 2020, 222, 1256–1264. [CrossRef]

20. Zhou, F.; Liu, Y.M.; Xie, J.; Li, H.; Lei, F.; Yang, H.; Qin, J.J.; Cai, J.; Zhang, X.J.; Wu, B.; et al. Comparative Impacts of ACE
(Angiotensin-Converting Enzyme) Inhibitors Versus Angiotensin II Receptor Blockers on the Risk of COVID-19 Mortality.
Hypertension 2020, 76, e15–e17. [CrossRef]

http://doi.org/10.1056/NEJMoa2008975
http://www.ncbi.nlm.nih.gov/pubmed/32356628
http://doi.org/10.1016/S0140-6736(20)30566-3
http://doi.org/10.1001/jama.2020.11301
http://www.ncbi.nlm.nih.gov/pubmed/32558877
http://doi.org/10.1002/ejhf.2060
http://www.ncbi.nlm.nih.gov/pubmed/33222412
http://doi.org/10.1056/NEJMoa2006923
http://www.ncbi.nlm.nih.gov/pubmed/32356627
https://www.escardio.org/Councils/Council-on-Hypertension-(CHT)/News/position-statement-of-the-esc-council-on-hypertension-on-ace-inhibitors-and-ang
https://www.escardio.org/Councils/Council-on-Hypertension-(CHT)/News/position-statement-of-the-esc-council-on-hypertension-on-ace-inhibitors-and-ang
https://professional.heart.org/en/science-news/hfsa-acc-aha-statement-addresses-concerns-regarding-using-raas-antagonists-in-covid-19
https://professional.heart.org/en/science-news/hfsa-acc-aha-statement-addresses-concerns-regarding-using-raas-antagonists-in-covid-19
https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6
https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6
http://doi.org/10.1016/j.rce.2020.07.003
http://www.ncbi.nlm.nih.gov/pubmed/33994573
http://doi.org/10.3390/jcm9103136
http://doi.org/10.1016/S0140-6736(20)30183-5
http://doi.org/10.1007/s40264-020-00994-5
http://doi.org/10.1161/HYPERTENSIONAHA.120.16314
http://doi.org/10.1111/jcpt.13246
http://doi.org/10.1093/cid/ciaa1592
http://doi.org/10.1002/jmv.26625
http://doi.org/10.1001/jama.2020.25864
http://doi.org/10.1080/22221751.2020.1746200
http://doi.org/10.1093/infdis/jiaa447
http://doi.org/10.1161/HYPERTENSIONAHA.120.15622


J. Clin. Med. 2021, 10, 2642 13 of 13

21. Zhang, P.; Zhu, L.; Cai, J.; Lei, F.; Qin, J.J.; Xie, J.; Liu, Y.M.; Zhao, Y.C.; Huang, X.; Lin, L. Association of Inpatient Use
of Angiotensin-Converting Enzyme Inhibitors and Angiotensin II Receptor Blockers With Mortality Among Patients With
Hypertension Hospitalized With COVID-19. Circ. Res. 2020, 126, 1671–1681. [CrossRef]

22. Gurwitz, D. Angiotensin receptor blockers as tentative SARS-CoV-2 therapeutics. Drug Dev. Res. 2020, 81, 537–540. [CrossRef]
23. Oussalah, A.; Gleye, S.; Clerc Urmes, I.; Laugel, E.; Callet, J.; Barbé, F.; Orlowski, S.; Malaplate, C.; Aimone-Gastin, I.; Caillierez,

B.M.; et al. Long-term ACE Inhibitor/ARB Use Is Associated With Severe Renal Dysfunction and Acute Kidney Injury in
Patients With Severe COVID-19: Results From a Referral Center Cohort in the Northeast of France. Clin. Infect. Dis. 2020, 7,
2447–2456. [CrossRef]

24. Sleight, P. Angiotensin II and trials of cardiovascular outcomes1. Am. J. Cardiol. 2002, 89, 11–16. [CrossRef]

http://doi.org/10.1161/CIRCRESAHA.120.317134
http://doi.org/10.1002/ddr.21656
http://doi.org/10.1093/cid/ciaa677
http://doi.org/10.1016/S0002-9149(01)02322-0

	Introduction 
	Materials and Methods 
	Study Design 
	Data Collection 
	Main Outcomes 
	Statistical Analysis 
	Ethics 

	Results 
	Study Population 
	Outcomes of Prognosis 
	Major Adverse Cardiovascular Events 
	ACEI/ARB Continuation Versus Withdrawal during Hospitalization 
	Comparison between ACEI and ARB 

	Discussion 
	Conclusions 
	References

