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Abstract
Aim The role of cardiovascular (CV) pharmacotherapies in patients with severe COVID-19 pneumonia remains controver-
sial. This study aims to assess the impact of renin–angiotensin system modulation (RASi) (either angiotensin-converting 
enzymes (ACEIs) or angiotensin-receptor blockers (ARBs)) on COVID-19 outcome.
Methods We performed a cohort study on consecutive patients admitted for COVID-19 pneumonia at the Internal Medicine 
Unit of Sant'Orsola-Malpighi Hospital in Bologna, Italy. Patients with a possible alternative cause of respiratory failure other 
than COVID-19 were excluded. Clinical, pharmacological and laboratory data at admission and during the hospitalization 
were collected. Patients were treated with intravenous dexamethasone, low molecular weight heparin and nasal flow or 
Venturi mask oxygen. Subjects were followed until discharge, Intensive Care Unit (ICU) admission or death. Severe cases 
were defined by acute respiratory distress syndrome (arterial oxygen partial pressure and the fraction of inhaled oxygen ratio 
(P/F) ≤ 100 mmHg/%, or P/F ≤ 150 mmHg/% and respiratory rate ≥ 26/min). Patients with chronic use of RAS modulation 
were compared with those without for the composite outcome of in-hospital mortality or ICU admission. Hazard ratios (HR) 
were obtained by Cox regression, adjusted for several clinical factors.
Results Of the 268 patients enrolled in the study, 93 (35%, mean age 68 ± 13 years, 67% males) were treated with RASi (58% 
ACEIs and 42% ARBs). There were no meaningful differences between the RASI and no RASI group regarding clinical 
and laboratory parameters at admission. As expected, patients in the RASi group had a higher prevalence of hypertension, 
diabetes mellitus, atrial fibrillation, and ischemic heart disease. One hundred eight patients (40%) were admitted to ICU 
during hospitalization due to severe respiratory failure, and 24 (9%) died. The risk of in-hospital death or ICU admission 
was lower in the RASI group than in the non-RASI group (age and sex-adjusted HR 0.57, 95% CI 0.37–0.8), even after 
adjustment for several comorbidities (fully adjusted HR 0.44, 95% CI 0.26–0.74). Seven (7.5%) patients died in the RASi 
group vs 17 (9.7%) in the non-RASi group, leading to a non-statistically significant mortality risk reduction (fully adjusted 
HR 0.69, 95% CI 0.18–1.90). The lower risk in the RASi group was primarily related to ARBs use compared to ACEIs (HR 
0.5, 95% CI 0.28–0.92 and HR 0.82, 95% CI 0.51–1.32, respectively).
Conclusions Our study showed an inverse association between the chronic use of RASi and COVID-19 pneumonia severity 
(either ICU admissions or in-hospital death), even when significant comorbidities are considered.
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Introduction

Cardiovascular (CV) risk factors and CV diseases are highly 
prevalent among patients with severe respiratory failure due 
to COVID-19 and seem to be linked to worse outcomes [1, 
2]. Hypertension represents one of the main comorbidities in 
severe COVID-19 patients [3], and it is also one of the most 
debated. Hypertension gained growing interest in the scientific 
community during the COVID-19 pandemic wave is linked to 
the renin–angiotensin system (RAS) enzymatic pathways and 
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their modulation. As known, angiotensin-converting enzyme 
2 (ACE2) generates Angiotensin 1–7 (AT1–7) that can coun-
teract the adverse effects on blood pressure, tissue fibrosis 
and inflammation mediated by the Angiotensin II (AT2) pro-
duced by the angiotensin-converting enzyme 1 (ACE1) [4]. 
SARS-CoV2 infects human respiratory cells by binding the 
ACE2 receptor, internalizing and down-regulating it [5, 6]. It 
has been demonstrated that a disrupted ACE2/ACE1 homeo-
stasis balance has a crucial role in the lung injury caused by 
SARS-CoV infection [7]. Notably, the imbalance between the 
ACE–AT2 and ACE2–AT1–7 pathways seems to contribute 
to endothelial dysfunction, inflammatory cytokine storm, and 
pro-thrombotic state observed in patients with severe forms of 
the disease [8–10]. When this mechanism was unveiled, ques-
tions about potential harm from pharmacological RAS modu-
lation arose. Earlier experimental data were consistent with 
RAS inhibitors (RASi) increasing the expression of the ACE2 
receptors, somehow favoring the SARS-CoV2 binding and 
entry into the respiratory epithelium. However, recent in vitro 
studies failed to confirm this association, particularly lung and 
human tissue [11, 12]. On the contrary, they supported that 
restoring the ACE1/ACE2 balance with angiotensin-receptor 
blockers (ARBs) or angiotensin-converting enzyme inhibitors 
(ACEIs) could exert a protective role and attenuate lung tissue 
damage in SARS-CoV pneumonia [13, 14]. From the clinical 
perspective, at present, there is an abundance of evidence that 
RASi has no detrimental effect in patients with COVID-19 
and should at least not be discontinued unless clinically indi-
cated. Some studies found no differences in the primary end-
points (days alive, in-hospital mortality and 30-days mortal-
ity) between continuation or discontinuation of RASi [15–19]. 
A protective effect has been suggested in hypertensive and 
heart failure patients [20, 21]. Finally, a large meta-analysis 
showed a reduced risk for mortality and re-hospitalization 
among COVID-19 patients treated with RASi [22]. The prin-
cipal limitations of these studies concerned the heterogeneous 
study population, unknown reasons for RASi discontinuation, 
variability of outcomes, the lack of data regarding previous 
RASi exposure and the potential difference between angio-
tensin-converting enzyme inhibitors (ACEIs) and angiotensin-
receptor blockers (ARBs) [23].

In this study, we aimed to evaluate further the impact 
of chronic RASi exposure in hospitalized patients with 
COVID-19-related pneumonia, to investigate its association 
with the severity of the disease and outcome.

Methods

Study population

We enrolled a cohort of consecutive patients admitted at the 
Internal Medicine Unit of the Sant'Orsola-Malpighi Hospital 

in Bologna (Italy) for SARS-CoV2 interstitial pneumonia 
during the second pandemic wave, from January 2021 to 
May 2021. COVID-19 pneumonia diagnosis was made 
by clinical features, positive nasopharyngeal swab test for 
SARS-CoV2 genome (RT-PCR method), and high-resolu-
tion computed tomography (HRCT) findings of interstitial 
lung disease. COVID-19 pneumonia was associated with 
various degrees of type 1 respiratory failure, described by 
the arterial oxygen partial pressure (paO2) and fraction of 
inhaled oxygen (FIO2) ratio (P/F) obtained by arterial blood 
gases analysis. We excluded patients with acute heart fail-
ure (AHF), recurrence of obstructive pulmonary disease 
(COPD or asthma), and stage IV or end-stage chronic kid-
ney disease (CKD). Furthermore, cancer patients with an 
advanced or end-stage illness and patients with suspected 
or overt bacterial infection were also excluded. All patients 
included in the study were over 18 and provided informed 
consent. The trial was approved by the local ethical commit-
tee (Azienda Ospedaliero—Universitaria di Bologna, Poli-
clinico S. Orsola-Malpighi) in accordance with the declara-
tion of Helsinki. Clinical and pharmacological history, vital 
and anthropometric parameters, arterial blood gases and 
laboratory results were collected at admission and during 
the hospitalization. Pharmacological history was recorded 
in detail, especially regarding anti-hypertensive and cardio-
vascular treatments.

Patients were considered on therapy with ACEIs and 
ARBs if the drugs were taken at admission and at least one 
month before, without interruption. RAS modulation was 
continued throughout the hospitalization. According to the 
results of the RECOVERY trial [24], intravenous dexa-
methasone was administered to all patients enrolled in the 
study. Low molecular weight heparin (LMWH) was used 
as a thromboembolic preventive strategy. Respiratory sup-
port with low-flow oxygen (nasal cannula or Venturi mask) 
was given according to the single patient need and to keep 
arterial oxygen saturation above 90%. The high-flow nasal 
cannula (HFNC) and non-invasive and invasive ventilation 
strategies were reserved for those patients admitted to the 
Intensive Care Unit (ICU) setting. Arterial blood gases and 
the respiratory rate (RR) were recorded daily during the 
hospitalization.

A severe respiratory failure was defined by a P/F 
ratio ≤ 100 mmHg/% or P/F ratio ≤ 150 mmHg/% and respir-
atory rate (RR) ≥ 26/min. The admission at ICU was based 
on an accurate risk–benefit assessment conducted by the 
ward doctor and the intensivist. The study primary outcome 
is a composite of in-hospital mortality and ICU admission 
for severe respiratory failure, whichever occurred first.
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Statistical analysis

Patients were divided according to RASi treatment expo-
sure. Continuous variables are presented as mean ± stand-
ard deviation (SD), while categorical variables are 
expressed as numbers and percentages. Hazard ratios, 
as surrogates of risk ratios, obtained by Cox-regression 
models, were used to compare patients with chronic RASi 
treatment and patients without for the composite outcome 
and mortality. For the composite outcome, patients were 
followed until ICU admission or in-ward death (before 
ICU), whichever occurred first. For the analysis of mortal-
ity, patients were followed until in-hospital death (before 
or after ICU admission). Hazard ratios were adjusted 
for age, sex and other comorbidities potentially asso-
ciated with the severity of the disease, such as obesity 
(BMI ≥ 30), hypertension, diabetes mellitus type 2 (DM2), 
chronic ischemic heart disease (IHD), and brain-natriuretic 
peptide (BNP) levels, a surrogate for chronic heart disease 
and to the exclusion of acute decompensated heart failure 
(HF). HRs were considered statistically significant at the 
95% confidence level. The analyses were conducted by 
SPSS version 23 [SPSS Inc., Chicago, IL, USA], Micro-
soft Windows version.

Results

Of the 268 patients enrolled in the study, 93 (35%, mean 
age 68 ± 13 years, 67.3% males) were treated with RASi 
(58% ACEIs and 42% ARBs). The main characteristics 
of the study population, by RASi treatment exposure, 
are summarized in Table 1. At admission, there were no 
meaningful differences between the two groups regarding 
time to presentation after symptoms onset, respiratory rate, 
systolic and diastolic blood pressure, P/F, body mass index 
(BMI), BNP, d-Dimer, C-reactive protein (CRP), inter-
leukine-6 (IL-6), lactic dehydrogenase (LDH), albumin, 
uric acid, creatinine, and estimated glomerular filtration 
rate (eGFR) calculated with Cockroft-Gault formula. As 
expected, patients in the RASi group had a higher preva-
lence of hypertension (95 vs 36%), DM2 (32 vs 30%), 
atrial fibrillation (AF; 16 vs 12%), and IHD (10 vs 8%). 
Overall, 115 (43%) patients developed severe respiratory 
failure. Among them, 94 (82%) were admitted to the ICU 
(of which nine died), whereas 22 subjects (mean age 84 ± 6 
years) were not considered eligible for ICU admission 
because of severe comorbidities. Of those, 15 died in the 
medical ward. Patients chronically treated with RASi had 
a reduced risk of death or ICU admission (composite out-
come) compared with patients not treated with RASi (age 

Table 1  Main clinical 
characteristics of the study 
population by treatment group

RASi renin–angiotensin-system inhibitors, BMI body mass index, SBP systolic blood pressure, DBP dias-
tolic blood pressure, BNP brain-natriuretic peptide, CRP C-reactive protein, IL-6 interleukin 6, LDH lactic 
dehydrogenase, eGFR estimated glomerular filtration rate

Clinical parameters Total (n = 268) RASi + (n = 93) RASi − (n = 175)

Age (years) 64 ± 15 68 ± 13 62 ± 16
Sex (males, %) 162 (60.4) 66 (67.3) 96 (56.5)
BMI (Kg/m2) 28 ± 5 29 ± 5 28 ± 5
Hypertension (%) 156 (58.2) 95 (97) 61 (36)
Atrial fibrillation (%) 37 (13.8) 16 (16) 21 (12)
Diabetes Mellitus (%) 80 (30) 31 (32) 49 (29)
Ischemic Heart Disease (%) 23 (8.6) 10 (10) 13 (8)
SBP (mmHg) 131 ± 19 131 ± 20 130 ± 18
DBP (mmHg) 76 ± 11 76 ± 12 76 ± 11
Time to admission (days) 7 ± 3 7 ± 3 7 ± 3
Laboratory parameters
 BNP (pg/mL) 101 ± 113 105 ± 105 99 ± 118
 d-Dimer (mg/L) 1.3 ± 1.9 1.5 ± 2 1.2 ± 1.7
 CRP (mg/dL) 8.5 ± 7 8.7 ± 6.7 8.4 ± 6.5
 IL-6 (pg/mL) 49 ± 66 48 ± 54 50 ± 72
 Albumin (g/dL) 3.4 ± 0.4 3.4 ± 0.4 3.4 ± 0.4
 Uric acid (mg/dL) 4.8 ± 1.7 5.2 ± 1.7 4.6 ± 1.5
 LDH (U/L) 334 ± 122 335 ± 129 333 ± 117
 Creatinine (mg/dL) 1.1 ± 0.5 1.1 ± 0.5 1 ± 0.5
 eGFR (ml/min) 75 ± 26 70 ± 26 68 ± 25
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and sex-adjusted HR 0.52, 95% CI 0.33–0.81), even after 
adjustment for several comorbidities (fully adjusted HR 
0.44, 95% CI 0.26–0.74), as shown in Fig. 1 and Table 2. 
Regarding in-hospital mortality, of the 24 deaths observed, 
seven (7.5%) occurred in the RASi group, whereas 17 
(9.7%) in the non-RASi group, leading to a not statistically 
significant mortality risk reduction in the RASi group 
compared with the non-RASi group (age and sex-adjusted 
HR 0.46, CI 95% 0.18–1.20; fully adjusted HR 0.59, CI 
95% 0.18–1.90). Non clinically relevant differences were 
seen in respiratory failure severity between the two groups. 
The lower P/F value was 191 ± 77 mmHg/% in the RASi 

group and 186 ± 88  mmHg/% in the non-RASi group 
(Table 3). Besides, the lower risk of death or ICU admis-
sion in the RASi group was primarily related to ARBs 
use compared to ACEIs (HR for the composite outcome 
0.5, 95% CI 0.28–0.92 and HR 0.82, 95% CI 0.51–1.32, 
respectively). Finally, the analyses were repeated, exclud-
ing the 22 patients defined as not eligible for ICU admis-
sion due to severe comorbidities. The results were similar 
to the main analysis for the composite outcome (age and 
sex-adjusted HR 0.48, CI 95% 0.29–0.79; fully adjusted 
HR 0.40, CI 95% 0.23–0.71) and for mortality (age and 
sex-adjusted HR 0.60, CI 95% 0.10–3.47; fully adjusted 
HR 0.59, CI 95% 0.08–6.7).

Fig. 1  Kaplan–Meier curves for primary outcome and mortality by RASi groups

Table 2  Hazard ratios for the primary outcome

HR  hazard ratio, HR1 adjusted for age and sex, HR2 adjusted for age, sex, obesity, hypertension, diabetes mellitus, ischemic heart disease, RASI  
Renin–angiotensin system inhibitors, BNP brain-natriuretic peptide

Death/ICU + (%) Death/ICU − (%) HR (95% CI) HR1 (95% CI) HR2 (95% CI)

Total N = 111 N = 157 – – –
RASi − 77 (45) 93 (55) Ref Ref Ref
RASi + 34 (35) 64 (65) 0.57 (0.37–0.88) 0.53 (0.33–0.83) 0.44 (0.26–0.74)

Death + (%) Death − (%) HR (95% CI) HR1 HR2

Total N = 24 N = 244 – – –
RASI − 7 158 Ref Ref Ref
RASI + 17 86 0.62 (0.32–1.97) 0.46 (0.18–1.20) 0.59 (0.18–1.90)
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Discussion

COVID-19 is a highly infectious disease that might cause a 
severe respiratory condition requiring aggressive and often 
invasive therapeutic strategies. The disease brought many 
healthcare systems facing intense strain due to the high 
influx of patients in ICU facilities. Therefore, many efforts 
have been made to find prevention strategies and treatments. 
Many drugs have been proposed to affect the disease trajec-
tory during the pandemic, including RASi. Several exten-
sive observational studies [1, 20, 25, 26] and meta-analyses 
[22, 27–31] were conducted to evaluate the effect of chronic 
RASi on the course of COVID-19. Following their neutral 
and reassuring results regarding the safety of RASi treatment 
during the hospitalization for COVID-19, a few randomized 
trials [32–34] have been carried out in which the authors 
analyzed the risk and benefit of RASi discontinuation on the 
severity of COVID-19. They found no effect on the evolution 
of the disease and no difference in the selected outcomes. 
The REPLACE COVID trial [32] showed no significant dif-
ferences between groups regarding ICU admission, invasive 
mechanical ventilation and death in an obese, mostly dia-
betic and relatively young population (mean age 62 years). 
The largest BRACE-CORONA [33] study included 659 
patients with a mean age of 55 years and similarly found 
no statistically significant differences in the mean number 
of days alive for those assigned to discontinue versus con-
tinue RASi. Finally, the ACEI-COVID-19 [34] study, in 
which the population was the oldest (mean age 75 years), 
also showed no difference in terms of maximum and mean 
sequential organ failure assessment (SOFA) score as a sur-
rogate for disease severity. However, the discontinuation 
group recovered earlier, according to the lower mean SOFA 
score at 30 days, than the continuation group. In contrast, 
our study was designed to assess the impact of the prosecu-
tion of chronic RASi, either ACEIs or ARBs, on COVID-19 
severity in a carefully selected population of patients admit-
ted for various degrees of respiratory failure due to SARS-
CoV2 interstitial pneumonia confirmed by HRCT findings 
of interstitial lung disease. Our results showed a reduced risk 
of disease progression, ICU admission and death in patients 
chronically treated with RASi, besides the standard phar-
macological and supportive therapy for COVID-19 (HR for 

the composite outcome 0.44, 95% CI 0.26–0.74). The asso-
ciation persisted after adjustment for several comorbidities, 
suggesting that the role of RASi in SARS-CoV2 pneumonia 
might go beyond its already clear cardiovascular and renal 
benefits. In our study population, in line with the experi-
mental studies in which restoring the ACE1/ACE2 balance 
limited the lung injury in SARS-CoV respiratory infection 
[8, 11, 35], a slightly less severe respiratory involvement 
emerged in the RASi group, as reflected by the differences 
found between groups in terms of P/F and RR at the nadir 
of the respiratory involvement. On the contrary, in recent 
studies on COVID-19 patients with HF, in which poorer 
outcomes are expected and in which the pre-existing lung 
fluid handling and gas diffusion process impairment can be 
worsened by the superimposed infection, chronic treatment 
with RASi agents was not associated with less respiratory 
involvement, increased risk of death or better outcomes 
[36, 37]. In this context, there is a lack of data exploring 
the relation between ongoing treatment with ACEis/ARBs 
and the severity of the clinical course of the SARS-CoV2 
infection. Randomized controlled trials are needed to show 
whether they may have protective effects against lung and 
heart injury related to the COVID- 19 hyperinflammatory 
response [38].

In addition, our data suggest that both ARBs and ACEIs 
are associated with a better in-hospital outcome, being, how-
ever, ARBs primarily involved in the potentially protective 
effect. Peculiar pharmacological properties could explain 
these minor differences between drug classes [23]. Our 
results differ from previously discussed studies considering 
similar outcomes, and these differences are probably related 
to the study design and population.

Several limitations applied to our research and should 
be addressed. The study population was highly selected to 
exclude causes of respiratory failure other than a pulmonary 
interstitial disease, and the analyses were adjusted for several 
comorbidities and risk factors. Still, we could not exclude 
that residual confoundings might have played a role in the 
association between RASi and outcomes. The presence 
of an inverse association between chronic RASi exposure 
and COVID-19 pneumonia severity should be considered 
from the perspective that the benefit might also be related 
to the effect of continuing RASi on the underlying disease. 

Table 3  Change in respiratory 
parameters during the 
hospitalization

RR  respiratory rate, P/F arterial oxygen partial pressure and fraction of inhaled oxygen ratio

Respiratory variable Total (n = 268) RASi + (n = 93) RASi − (n = 175)

RR admission (acts/min) 20 ± 5 20 ± 5 20 ± 5
RR at P/F min 24 ± 5 23 ± 4 25 ± 5
P/F admission (mmHg/%) 289 ± 52 288 ± 48 290 ± 54
P/F min (mmHg/%) 188 ± 85 191 ± 77 186 ± 88
Time to P/F min (days) 8 ± 4 8 ± 4 8 ± 4
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We do not know if otherwise healthy people would benefit 
from RASi regarding COVID-19 severity; yet it is likely 
that patients with CV comorbidities would better tolerate 
COVID-19 if their RASi therapy is not discontinued. The 
study design cannot answer whether the use of RASI in 
healthy people might help against COVID-19. Only rand-
omized controlled trials comparing the effect of RASi on 
outcomes in otherwise healthy COVID-19 subjects can 
clarify this issue. Furthermore, the point estimates and con-
fidence intervals of the association between RASi exposure 
and outcomes, especially mortality, are affected by the small 
population sample, with a low number of events. Moreover, 
due to the relatively small sample size, we could not meas-
ure the effect of the single ACEI or ARB compound and the 
impact of their different doses.

Overall, our study confirmed that continuing RASi dur-
ing hospitalization for COVID-19 pneumonia is not detri-
mental and might even have a protective role on disease 
progression. Therefore, RASi should not be discontinued 
unless significant side effects occur. In line with our find-
ings, interventional randomized trials are ongoing about the 
impact of RASi treatment on the severity of COVID-19, 
both in pre-hospital (NCT04311177) and hospital settings 
(NCT04312009, NCT04359953, NCT04356495), and their 
results might help to unravel the relationship between RASi 
and SARS-CoV2 infection.
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