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Abstract: Background: A potential association between use of angiotensin-converting–enzyme inhibitors (ACEI) or 

angiotensin-receptor blockers (ARB) and coronavirus disease 2019 (COVID-19) severity has been suggested. We conducted a 

retrospective study to investigate the association between ACEI/ARB use and COVID-19 severity and mortality. Methods: The 

first 1,000 consecutive patients with COVID-19 who were attended in the emergency department at the Infanta Sofía University 

Hospital were included. Clinical data was manually extracted by reviewing medical records, and the ACEI/ARB prescription was 

assessed from an electronic pharmacy database. The primary endpoints were critical COVID-19 and mortality. Results: A total of 

241 (24.1%) patients had a critical COVID-19 and 171 (17.1%) died. ACEI use was associated with critical COVID-19 (OR 1.90, 

95% CI 1.34-2.70), and with mortality (OR 1.98, 95% CI 1.35-2.91) in the unadjusted analysis, but not after adjusting by age, sex 

and comorbidities (OR 1.15 95% CI 0.69-1.94, and OR 1.00 95% CI 0.56-1.77, respectively). Similarly, ARB use was associated 

with critical COVID-19 (OR 1.58, 95% CI 1.11-2.58), although not with mortality (OR 1.47, 95% CI 0.98-2.19) in the 

unadjusted analysis, but not after adjusting by age, sex and comorbidities (OR 0.97, 95% CI 0.57-1.65, and OR 0.74, 95% CI 

0.41-1.33, respectively). Conclusion: These results suggest that the use of ACEI/ARB is not independently associated with 

COVID-19 severity and mortality. 

Keywords: ACEI/ARB, COVID-19 Severity, COVID-19 Mortality 

 

1. Introduction 

Coronavirus disease 2019 (COVID-19), caused by the severe 

acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has 

developed into a pandemic in the last months affecting Europe 

after February 2020. Extracellular domain of the transmembrane 

angiotensin-converting enzyme 2 (ACE2) receptor is used by 

the virus to gain entry into host cells [1], and several studies 

have shown that angiotensin-converting enzyme inhibitors 

(ACEI) and angiotensin II receptor blockers (ARB) upregulate 
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ACE2 expression in cardiovascular tissues of animal models [2, 

3]. In addition, a study has shown that Captopril increases the 

pulmonary ACE2 expression in rats both in the basal state as 

well as after lipopolysaccharide-induced lung injury [4]. In 

addition, a higher fatality is found in patients with COVID-19 

who suffer hypertension, diabetes, and cardiovascular diseases 

[5, 6]. As the use of inhibitors of renin–angiotensin–aldosterone 

system (RAAS) is frequent in these comorbidities, a big 

controversy has arisen about the eventual role of these drugs to 

facilitate the virus access into the lung cells, thus increasing the 

severity of COVID-19 [7, 8]. However, several retrospective 

studies using a different approach have suggested a neutral effect 

of ACEI/ARB in the COVID-19 course [9-13]. On the contrary, 

as ACE2 is an anti-inflammatory pathway, and both Captopril 

and Losartan partially restore the decrease in ACE2 expression 

observed in animal models of acute respiratory distress 

syndrome (ARDS) [4, 14], a protective role of ACEI/ARB in 

COVID-19 has been also suggested [15]. In line with this 

hypothesis, two retrospective studies have found a reduction in 

the mortality rate from COVID-19 in patients treated with ACEI 

or with ACEI/ARB [16, 17]. 

In this study, we sought to clarify the potential association 

of ACEI or ARB use with the likelihood of having 

differences in COVID-19 severity and mortality. 

2. Methods 

2.1. Study Population 

First, we obtained an Institutional Review Board approval for 

the retrospective review of the medical records. The data were 

manually extracted by the study team in a uniform and 

systematized way. The charts of the first 1,000 consecutive 

adult patients with a diagnosis of SARS-CoV-2 who were 

attended in the emergency department at the Infanta Sofía 

University Hospital of Madrid, Spain were reviewed. The 

diagnosis of SARS-CoV-2 was done by nasopharyngeal or 

oropharyngeal swab RT-PCR in 864 cases and by clinical 

assessment in 136 cases. The clinical diagnosis was assumed 

only when the patient was admitted because of interstitial 

bilateral pneumonia with hypoxia plus lymphopenia and/or 

high levels of D-Dimer, and no other cause of pneumonia was 

found. The clinical diagnosis was done only when RT-PCR test 

was not available due to increasing demand and limitations of 

testing capabilities. In order to analyze the association of the 

ACEI/ARB treatment with the illness course, the severity of 

COVID-19 was established on the basis of the World Health 

Organization guidance [18]. Patients were classified in three 

groups: a) the mild COVID-19 group included patients with 

uncomplicated upper respiratory tract viral infection and those 

with pneumonia who did not need supplemental oxygen (all 

these patients were discharged from the emergency room and 

the clinical follow-up was done by general practitioners through 

phone calls to patient's home), b) the severe COVID-19 group 

included patients with severe pneumonia (needing supplemental 

oxygen), and c) the critical COVID-19 group included patients 

with ARDS who needed non-invasive mechanical ventilation 

(NIMV) or ICU admission for intubation and mechanical 

ventilation (MV), and those who died during their hospital 

admission. In all cases, the following comorbid conditions were 

registered: hypertension, diabetes mellitus, heart disease, chronic 

kidney disease (CKD) with a stage 3a or higher according to 

NKF-KDOQI guidelines, body mass index (BMI), chronic 

obstructive pulmonary disease (COPD), malignancy, and 

immune compromised state (that was defined as an underlying 

disease or condition needing immunosuppressive therapy). The 

ACEI/ARB prescription was confirmed by checking the 

electronic pharmacy database of Madrid (Módulo Unico de 

Prescripción de la Comunidad de Madrid). Only prescriptions 

with duration longer than one month were included. The two 

primary endpoints were critical disease and death in-hospital. As 

previously stated, critical disease was a composite of the 

occurrence of any of the following: requirement of respiratory 

supportive care with NIMV, ICU admission for intubation and 

MV, or death in-hospital. All endpoints were recorded but only 

the worst one of each patient was used in the statistical analysis. 

All patients had completed their hospital course at study end. 

2.2. Statistical Analysis 

Continuous variables were reported as mean (SD) and 

categorical variables as counts (percentages). Data are presented 

as observed with no imputation for missing values and they were 

available on all patients except for BMI (N=880). 

Age and BMI did not fit a normal distribution; therefore, 

Kruskal–Wallis test was used to test for differences between 

the three COVID-19 severity groups. As patients with critical 

COVID-19 were significantly older, we stratified age into 

quartiles to further analysis. A χ2 or Fisher exact test were 

performed to compare categorical variables. A 

logistic-regression was used to analyze the effect of 

ACEI/ARB treatment, age, sex, and comorbid conditions on 

illness severity and mortality. Illness severity was entered into 

this analysis as dichotomous variable in order to compare 

critical COVID-19 or death in-hospital with non-critical 

COVID-19 (i.e., the composite of mild and severe groups). 

Age and BMI were entered as continuous variables. Separate 

age-adjusted analyses were also performed. 

To verify the robustness of our findings, data were also 

analyzed after excluding those patients who were diagnosed 

based on clinical assessment. All the analyses were done using 

SPSS (IBM). A p-value less than 0.05 was considered 

significant. 

3. Results 

The mean (SD) patient age was 62.2 (16.9) years. There 

were 454 (45.4%) females and 546 (54.6%) males. Mild 

COVID-19 was found in 108 (10.8%) cases, severe COVID 

was found in 651 (65.1%) cases, and critical COVID was 

found in 241 (24.1%) cases. From these patients, there were 

171 (17.1%) in-hospital deaths. A total of 354 (35.4%) 

patients were using ACEI/ARB, 176 (17.6%) an ACEI and 

178 (17.8%) an ARB. The rates of patients treated with 

ACEI/ARB progressively increased according to illness 
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severity. Thus, 12 (11.1%) patients with mild COVID-19, 224 

(34.5%) with severe COVID-19, and 118 (48.8%) patients 

who fulfilled the criteria of critical COVID-19 were using an 

ACEI or an ARB, (P for trend < 0.001). The hypertension rate 

increased in parallel with increasing COVID-19 severity: 18 

(16.7%) vs 285 (43.8%) vs 160 (66.1%), respectively (P for 

trend < 0.001). Similar results were observed with respect to 

the rates of heart disease: 9 (8.3%) vs 87 (13.4%) vs 61 

(25.2%), P for trend < 0.001; the rates of diabetes: 7 (6.5%) vs 

119 (18.3%) and 65 (26.9%), P for trend < 0.001; and the rates 

of CKD: 5 (4.6%) vs 35 (5.4%) vs 38 (15.7%), P for trend < 

0.001. Other comorbidities such as COPD, cancer, and 

immunosuppression were also more frequent in critical 

COVID-19. On the other hand, patients with critical 

COVID-19 were significantly older 47.8 (14.4) vs 60.9 (16.3) 

vs 72.3 (13.5), respectively (P for trend < 0.001). The male sex 

rate also gradually increased with the disease severity: 34 

(31.5%) vs 367 (56.5%) vs 145 (59.9%); P for trend < 0.001. 

Table 1 summarizes these data stratified by COVID-19 

severity. 

The rate of patients treated with ACEI/ARB progressively 

increased when patients were stratified by age quartiles: 21 

(8.6%), 71 (28.2%), 125 (51.2%), and 137 (52.9%), 

respectively (P for trend <0.001). Similarly, there was a 

significant association between age quartile and the rate of 

critical COVID-19: 16 (6.5%), 42 (16.7%), 71 (29.1%), and 

112 (43.2%), respectively (P for trend < 0.001), as well as 

between age quartile and mortality 5 (2.0%), 14 (5.6%), 46 

(18.9%), and 106 (40.9%), respectively (P for trend <0.001). 

All comorbidities but obesity and immunosuppression also 

significantly increased according to age (Table 2). 

Table 3 shows unadjusted estimates of the risk of critical 

COVID-19 according to the use of ACEI or ARB, as well as 

according to age (per year increase) and comorbid conditions. 

Both ACEI and ARB use were associated with a worse course 

of COVID-19 in the unadjusted analysis (OR 1.90, 95% CI, 

1.34-2.70; and OR 1.58, 95% CI, 1.11-2.58; respectively). 

Hypertension, BMI, diabetes, heart disease, CKD, COPD and 

cancer were also associated which this endpoint. However, after 

adjusting for age, the association between use of ACEI or ARB 

and critical COVID-19 was no longer observed (OR 1.40, 95% 

CI, 0.95-2.08; and OR 1.17, 95% CI, 0.79-1.74; respectively). 

Similarly, after multivariable adjustment for age and comorbid 

conditions, only age (OR 1.05, 95% CI 1.04-1.07, per year 

increase), BMI (OR 1.05, 95% CI 1.01-1.08, per point of BMI 

increase), male sex (OR 1.46, 95% CI 1.04-2.05), and CKD 

(OR 1.72, 95% CI 1.01-2.94) were independently associated 

with critical COVID-19, but not use of ACEI (OR 1.15, 95% CI 

0.69-1.94) or use of ARB (OR 0.97, 95% CI 0.57-1.65). 

Table 4 shows unadjusted estimates of COVID-19 mortality 

according to treatment with ACEI or ARB, as well as 

according to age, and comorbid conditions. Again, ACEI use 

was associated with COVID-19 mortality in the unadjusted 

analysis (OR 1.98, 95% CI, 1.35-2.91), but not use of ARB 

(OR 1.47, 95% CI, 0.98-2.19). After adjusting for age, both 

ACEI and ARB use were not associated with mortality (OR 

1.29, 95% CI 0.82-2.02; and OR 0.98, 95% CI 0.62-1.55; 

respectively). Similarly, after multivariable adjustment for age 

and comorbid conditions, only age (OR 1.08, 95% CI 

1.06-1.10, per year increase), CKD (OR 2.11, 95% CI 

1.19-3.73), cancer (OR 2.50, 95% CI 1.16-5.41), and 

immunosuppression (OR 2.49, 95% CI 1.09-5.66) were 

independently associated with COVID-19 mortality but not 

ACEI use (OR 1.00, 95% CI 0.56-1.77) nor ARB use (OR 

0.74, 95% CI 0.41-1.33). 

The results shown in Tables 3 and 4 did not substantially 

change when patients who were diagnosed based on clinical 

criteria were excluded. Thus, both ACEI and ARB use was 

neither associated with critical COVID (OR 1.10, 95% CI 

0.64-1.94; and OR 1.09, 95% CI 0.62-1.92; respectively) nor 

with mortality (OR 0.93, 95% CI 0.50-1.73; and OR 0.81, 95% 

CI 0.43-1.52; respectively). 

Table 1. Clinical characteristics of the patients stratified by severity of COVID-19. Values are numbers (percentages) except for age and BMI [mean (SD)]. 

 Total (N=1000) Mild (N=108) Severe (N=651) Critical (N=241) P 

Age (y) 62.2 (16.9) 47.8 (14.4) 60.9 (16.3) 72.3 (13.5) <0.001 

Female sex 454 (45.4) 454 (45.4) 74 (68.5) 283 (43.5) 
<0.001 

Male sex 546 (54.6) 546 (54.6) 34 (31.5) 367 (56.5) 

ACEI 176 (17.6) 6 (5.6) 108 (16.6) 62 (25.6) <0.001 

ARB 178 (17.8) 6 (5.6) 116 (17.8) 56 (23.1) <0.001 

ACEI/ARB 354 (35.4) 12 (11.1) 224 (34.5) 118 (48,8) <0.001 

Hypertension 463 (46.3) 18 (16.7) 285 (43.8) 160 (66.1) <0.001 

BMI (kg/m2) 28.8 (5.2) 28.0 (5.3) 28.7 (5.0) 29.5 (5.5) 0.058 

Diabetes 191 (19.1) 7 (6.5) 119 (18.3) 65 (26.9) <0.001 

Heart disease* 157 (15.7) 9 (8.3) 87 (13.4) 61 (25.2) <0.001 

CKD 78 (7.8) 5 (4.6) 35 (5.4) 38 (15.7) <0.001 

COPD 69 (6.9) 0 (0.0) 36 (5.5) 33 (13.6) <0.001 

Cancer 37 (3.7) 0 (0.0) 19 (2.9) 18 (7.4) 0.001 

Immunosuppression 41 (4.1) 3 (2.8) 23 (3.5) 15 (6.2) 0.186 

Severity of COVID-19 was defined according to WHO guideline: Mild COVID-19 included patients with uncomplicated upper respiratory tract viral infection 

and those with pneumonia not needing supplemental oxygen. Severe COVID-19 included patients with severe pneumonia (needing supplemental oxygen). 

Critical COVID-19 included patients with ARDS who needed noninvasive mechanical ventilation, ICU admission for invasive mechanical ventilation, and those 

who died during their hospital admission. ACEI: angiotensin-converting enzyme inhibitors; ARB: angiotensin II receptor blockers; BMI: body mass index; CKD: 

chronic kidney disease; COPD: chronic obstructive pulmonary disease. 

*Heart disease is the composite of ischemic heart disease, heart failure and arrhythmia. 
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Table 2. Clinical characteristics and outcomes of the patients stratified by age quartiles. Values are numbers (percentages) except for age and BMI [mean 

(SD)]. 

 
Age (quartiles) 

P 
Q1 (18-49) Q2 (50-62) Q3 (63-74) Q4 (75-102) 

Age (y) 39.6 (7.6) 56.3 (3.7) 69.0 (3.6) 83.0 (5.8)  

Female sex 119 (48.6) 97 (38.5) 105 (43.0) 133 (51.4) 
0.018 

Male sex 126 (51.4) 155 (61.5) 139 (57.0) 126 (48.6) 

Critical COVID-19 16 (6.5) 42 (16.7) 71 (29.1) 112 (43.2) <0.001 

Death in-hospital 5 (2.0) 14 (5.6) 46 (18.9) 106 (40.9) <0.001 

ACEI 10 (4.1) 43 (17.1) 54 (22.1) 69 (26.6) <0.001 

ARB 11 (4.5) 28 (11.1) 71 (29.1) 68 (26.3) <0.001 

ACEI/ARB 21 (8.6) 71 (28.2) 125 (51.2) 137 (52.9) <0.001 

Hypertension 27 (11.0) 86 (34.1) 146 (59.8) 204 (78.8) <0.001 

BMI (kg/m2) 28.5 (5.7) 29.3 (4.9) 29.0 (5.1) 28.5 (5.0) 0.183 

Diabetes 9 (3.7) 36 (14.3) 60 (24.6) 86 (33.2) <0.001 

Heart disease 3 (1.2) 19 (7.5) 40 (16.4) 95 (36.7) <0.001 

CKD 4 (1.6) 7 (2.8) 17 (7.0) 50 (19.3) <0.001 

COPD 0 (0.0) 8 (3.2) 19 (7.8) 42 (16.2) <0.001 

Cancer 1 (0.4) 8 (3.2) 13 (5.3) 15 (5.8) 0.001 

Immunosuppression 6 (2.4) 14 (5.6) 13 (5.3) 8 (3.1) 0.196 

ACEI: angiotensin-converting enzyme inhibitors; ARB: angiotensin II receptor blockers; BMI: body mass index; CKD: chronic kidney disease; COPD: chronic 

obstructive pulmonary disease. 

Table 3. Odds Ratios for the associations of critical COVID-19 with use of ACEI or ARB, age, sex, and comorbid conditions. 

 
Odds Ratio for critical COVID-19 (95% CI) 

Unadjusted Adjusted by age Adjusted by all covariates 

ACEI 1.90 (1.34-2.70) 1.40 (0.95-2.08) 1.15 (0.69-1.94) 

ARB 1.58 (1.11-2.58) 1.17 (0.79-1.74) 0.97 (0.57-1.65) 

Age (yr) 1.06 (1.05-1.07) 1.05 (1.04-1.07) 1.05 (1,04-1.07) 

Sex (male) 1.32 (0.98-1.77)  1.46 (1.04-2.05) 

Hypertension 2.90 (2.14-3.93)  1.04 (0.62-1.73) 

BMI (kg/m2) 1.03 (1.00-1.06)  1.05 (1.01-1.08) 

Diabetes 1.80 (1.28-2.54)  0.93 (0.63-1.37) 

Heart disease 2.34 (1.63-3.36)  0.90 (0.59-1.38) 

CKD 3.37 (2.10-5.39)  1.72 (1.01-2.94) 

COPD 2.98 (1.82-4.91)  1.39 (0.80-2.43) 

Cancer 3.14 (1.62-6.09)  1.94 (0.94-3.99) 

Immunosuppression 1.87 (0.97-3.59)  1.89 (0.90-3.95) 

CI denotes confidence interval. Both unadjusted and adjusted estimates by age (per year increase) and by all covariates are shown. Fully adjusted estimates were 

obtained from a unique multivariate analysis. ACEI: angiotensin-converting enzyme inhibitors; ARB: angiotensin II receptor blockers; BMI: body mass index; 

CKD: chronic kidney disease; COPD: chronic obstructive pulmonary disease. 

Table 4. Odds Ratios for the associations of mortality with the use of ACEI or ARB, age, sex, and comorbid conditions. 

 
Odds Ratio for mortality (95% CI) 

Unadjusted Adjusted by age Adjusted by all covariates 

ACEI 1.98 (1.35-2.91) 1.29 (0.82-2.02) 1.00 (0.56-1.77) 

ARB 1.47 (0.98-2.19) 0.98 (0.62-1.55) 0.74 (0.41-1.33) 

Age (yr) 1.09 (1.07-1.10) 1.09 (1.07-1.10) 1.08 (1.06-1.10) 

Sex (male) 0.96 (0.69-1.34)  1.11 (0.74-1.66) 

Hypertension 4.24 (2.93-6.13)  1.32 (0.74-2.37) 

BMI (kg/m2) 1.01 (0.98-1.04)  1.03 (0.99-1.07) 

Diabetes 2.25 (1.55-3.26)  1.10 (0.71-1.71) 

Heart disease 3.25 (2.22-4.77)  0.99 (0.62-1.58) 

CKD 5.00 (3.09-8.09)  2.11 (1.19-3.73) 

COPD 4.03 (2.42-6.71)  1.65 (0.91-2.98) 

Cancer 3.97 (2.03-7.78)  2.50 (1.16-5.41) 

Immunosuppression 2.35 (1.19-4.64)  2.49 (1.09-5.66) 

CI denotes confidence interval. Both unadjusted and adjusted estimates by age (per year increase) and by all covariates are shown. Fully adjusted estimates were 

obtained from a unique multivariate analysis. ACEI: angiotensin-converting enzyme inhibitors; ARB: angiotensin II receptor blockers; BMI: body mass index; 

CKD: chronic kidney disease; COPD: chronic obstructive pulmonary disease. 
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4. Discussion 

Our study suggests that use of RAAS inhibitors is not 

associated with COVID-19 severity and mortality, and shows 

that older age is the main predictor of these outcomes. 

Animal or cell line studies have shown that the virus 

accesses cells through ACE2, and both ACEI and ARB induce 

ACE2 overexpression in cardiovascular tissues [2, 3], as does 

Captopril in the lung of normal rats [4]. Since ACE2 

overexpression in cell lines increases viral load [19], it has 

been speculated that ACEI/ARB treatment could increase the 

severity of COVID-19. On the other hand, RAAS inhibitors 

are one of the most widely prescribed class of drugs for the 

management of hypertension, and initial studies described 

hypertension as the most frequent comorbidity associated with 

severe COVID-19 [5, 6] thus supporting a possible deleterious 

role of these drugs in the COVID-19 course. However, this 

observation was adjusted neither by age nor by other clinical 

characteristics. Our data suggests that this association is 

mostly due to the well-known relationship between age and 

prevalence of hypertension [20, 21]. In fact, the association of 

hypertension with COVID -19 severity and mortality was no 

longer observed after adjusting the model for age, and for age, 

sex, and comorbidities. 

The opposite hypothesis (i.e., a protective role of these 

drugs) was also suggested on the basis that Losartan treatment 

mitigated the decrease in ACE2 observed in animal models of 

ARDS [4, 14] and partially attenuated different histological 

parameters of lung injury caused by acid instillation and 

simultaneous intraperitoneal injection of SARS-CoV-1 Spike 

protein into mice [22]. Different retrospective studies aimed to 

analyze the role of RAAS inhibitors in COVID-19, both in the 

possibility of becoming infected with SARS-Cov-2 and in the 

risk of mortality, have been previously published [9-13, 23]. 

Collectively, the results of these studies support the concept of 

a neutral effect of ACEI/ARB on susceptibility to infection by 

SARS-CoV-2 and severity of COVID-19 [24]. However, some 

discrepancies have emerged. Thus, it has been suggested that 

in-hospital use of ACEI/ARB could reduce mortality from 

COVID-19 in hypertensive patients [16], mainly in those 

patients treated with an ARB [17]. Conversely, another study 

found that these drugs could increase the chance of 

hospitalization and ICU admission [23]. A recent 

meta-analysis including 9 retrospective studies suggests that 

the use of ACEI/ARB could decrease the mortality of 

COVID-19 but not the disease severity [25]. It is plausible that 

biases associated with the retrospective nature of these studies 

or the way in which the adjustment of the covariates is carried 

out can explain the divergent results of these studies as it has 

been suggested [26]. Thus, only one previous study has 

included adjustment by obesity although this comorbidity is 

associated with COVID-19 mortality [27], and it is well 

known the association of obesity and comorbidities in which 

the use of RAAS inhibitors is frequent such as hypertension, 

diabetes, heart disease or CKD [28-31]. 

Our study shows that aging is the most powerful 

predictor of COVID-19 severity and mortality. In fact, an 

exponential trend was observed after stratification by age 

quartiles, a finding that is in line with previous studies [32, 

33]. A higher frequency of comorbidities such as 

hypertension, diabetes, CKD, COPD or heart disease in 

elderly patients, together with the frailty associated with 

aging could explain this trend. On the other hand, the 

importance of advanced age in mortality has also been 

shown in other viral infections such as respiratory syncytial 

virus and influenza [34]. Therefore, the strong association 

of aging with COVID-19 severity and mortality as well as 

with use of RAAS inhibitors could be an important 

confounding factor to analyze the relationship between 

these drugs and both outcomes in retrospective studies, 

mainly to confirm an eventual protective role. 

Our study has several limitations. Firstly, a possible 

overrepresentation of elderly patients could be possible due to 

patient inclusion was restricted to a single hospital that 

provides healthcare to an area with many nursing homes. 

Secondly, compliance with the ACEI/ARB treatment could 

not be tested. Thirdly, the sample size could not have enough 

statistical power to delimit the relative influence of other 

comorbidities such as heart disease, CKD, cancer, COPD, or 

immunosuppression given the limited representation of these 

patients in this case series. However, it has several strengths 

such as the detailed data extraction that was performed with 

the manual review of each chart, and confirmation of 

ACEI/ARB use in an official electronic prescription database. 

5. Conclusion 

In conclusion, our study did not find that the use of 

ACEI/ARB influences the severity and mortality of 

COVID-19. These results are in line with most of the studies 

published so far. However, they clearly show the limitation of 

retrospective studies to answer this question. Therefore, 

randomized trials are necessary to evaluate an eventual 

protective role of these drugs on the COVID-19 course. 

 

References 

[1]. Hoffmann M, Kleine-Weber H, Schroeder S, Krüger N, Herrler 
T, Erichsen S, et al. SARS-CoV-2 cell entry depends on ACE2 
and TMPRSS2 and is blocked by a clinically proven protease 
inhibitor. Cell 2020; 181 (2): 271. e8-280. e8. doi: 
10.1016/j.cell.2020.02.052. 

[2]. Ferrario CM, Jessup J, Chappell MC, Averill DB, Brosnihan 
KB, Tallant EA, et al. Effect of angiotensin-converting enzyme 
inhibition and angiotensin II receptor blockers on cardiac 
angiotensin-converting enzyme 2. Circulation 2005; 111 (20): 
2605–2610. doi: 10.1161/CIRCULATIONAHA.104.510461. 

[3]. Soler MJ, Ye M, Wysocki J, William J, Lloveras J, Batlle D. 
Localization of ACE2 in the renal vasculature: amplification by 
angiotensin II type 1 receptor blockade using telmisartan. Am J 
Physiol Renal Physiol 2009; 296 (2): F398-F405. doi: 
10.1152/ajprenal.90488.2008. 



 American Journal of Internal Medicine 2020; 8(5): 204-210 209 

 

[4]. Li Y, Zeng Z, Li Y, Huang W, Zhou M, Zhang X, et al. 
Angiotensin-converting Enzyme Inhibition Attenuates 
Lipopolysaccharide-Induced Lung Injury by Regulating the 
Balance Between Angiotensin-Converting Enzyme and 
Angiotensin-Converting Enzyme 2 and Inhibiting 
Mitogen-Activated Protein Kinase Activation. Shock 2015; 43 
(4): 395-404. doi: 10.1097/SHK.0000000000000302. 

[5]. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course 
and risk factors for mortality of adult inpatients with 
COVID-19 in Wuhan, China: a retrospective cohort study. 
Lancet 2020; 395 (10229): 1054–1062. doi: 
10.1016/S0140-6736(20)30566-3. 

[6]. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. 
Clinical Characteristics of Coronavirus Disease 2019 in China. 
N Engl J Med 2020; 382 (18): 1708-1720. doi: 
10.1056/NEJMoa2002032. 

[7]. Esler M, Esler D. Can angiotensin receptor-blocking drugs 
perhaps be harmful in the COVID-19 pandemic? J Hypertens 
2020; 38 (5): 781-782. doi: 10.1097/HJH.0000000000002450. 

[8]. Sommerstein R, Kochen MM, Messerli FH, Gräni C. 
Coronavirus Disease 2019 (COVID-19): Do 
Angiotensin-Converting Enzyme Inhibitors/Angiotensin 
Receptor Blockers Have a Biphasic Effect? J Am Heart Assoc 
2020; 9 (7): e016509. doi: 10.1161/JAHA.120.016509. 

[9]. 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 (25): 2431-2440. doi: 
10.1056/NEJMoa2006923. 

[10]. Reynolds HR, Adhikari S, Pulgarin C, Troxel AB, Iturrate E, 
Johnson SB, et al. Renin-angiotensin-aldosterone system 
inhibitors and risk of covid-19. N Engl J Med 2020; 382 (25): 
2441-2448. doi: 10.1056/NEJMoa2008975. 

[11]. de Abajo FJ, Rodríguez-Martín S, Lerma V, Mejía-Abril G, 
Aguilar M, García-Luque A, et al. Use of 
Renin-Angiotensin-Aldosterone System Inhibitors and Risk of 
COVID-19 Requiring Admission to Hospital: A 
Case-Population Study. Lancet 2020; 395 (10238): 1705-1714. 
doi: 10.1016/S0140-6736(20)31030-8. 

[12]. Li J, Wang X, Chen J, Zhang H, Deng A. Association of 
renin-angiotensin system inhibitors with severity or risk of 
death in patients with hypertension hospitalized for coronavirus 
disease 2019 (COVID-19) infection in Wuhan, China. JAMA 
Cardiol 2020; 5 (7): 1-6. doi: 10.1001/jamacardio.2020.1624. 

[13]. Bean DM, Kraljevic Z, Searle T, Bendayan R, O'Gallagher K, 
Pickles A, et al. ACE-inhibitors and Angiotensin-2 Receptor 
Blockers Are Not Associated With Severe SARS-COVID19 
Infection in a Multi-Site UK Acute Hospital Trust. Eur J Heart 
Fail 2020 Jun 2; doi: 10.1002/ejhf.1924. 

[14]. Imai Y, Kuba K, Rao S, Huan Y, Guo F, Guan B, et al. 
Angiotensin-converting enzyme 2 protects from severe acute 
lung failure. Nature 2005; 436 (7047): 112-6. doi: 
10.1038/nature03712. 

[15]. Vaduganathan M, Vardeny O, Michel T, McMurray JJ, Pfeffer 
MA, Solomon SD, et al. Renin-angiotensin aldosterone system 
inhibitors in patients with covid-19. N Engl J Med. 2020 382 
(17): 1653-1659. doi: 10.1056/NEJMsr2005760. 

[16]. Zhang P, Zhu L, Cai J, Lei F, Qin JJ, Xie J, et al. 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 (12): 1671-1681. doi: 
10.1161/CIRCRESAHA.120.317134. 

[17]. Zhou F, Liu YM, Xie J, Li H, Lei F, Yang H, et al. Comparative 
Impacts of Angiotensin Converting Enzyme Inhibitors Versus 
Angiotensin II Receptor Blockers on the Risk of COVID-19 
Mortality. Hypertension 2020; 76 (2): e15-e17. doi: 
10.1161/HYPERTENSIONAHA.120.15622. 

[18]. World Health Organization. Clinical management of severe 
acute respiratory infection (SARI) when COVID-19 disease is 
suspected: interim guidance. March 13, 2020 
(https://www.who.int/ docs/ default -source/coronaviruse/ 
clinical –management-of-novel-cov.pdf). 

[19]. Han DP, Penn-Nicholson A, Cho MW. Identification of Critical 
Determinants on ACE2 for SARS-CoV Entry and 
Development of a Potent Entry Inhibitor. Virology 2006; 350 
(1): 15-25. doi: 10.1016/j.virol.2006.01.029. 

[20]. Yoon SS, Margaret D Carroll MD, Fryar CD. Hypertension 
Prevalence and Control Among Adults: United States, 
2011-2014. NCHS Data Brief. 2015; 220: 1-8. 

[21]. Menéndez E, Delgado E, Fernández-Vega F, Prieto MA, Bordiú 
E, Calle A, et al. Prevalence, Diagnosis, Treatment, and 
Control of Hypertension in Spain. Results of the Di@bet.es 
Study. Rev Esp Cardiol (Engl Ed) 2016; 69 (6): 572-8. doi: 
10.1016/j.rec.2015.11.034. 

[22]. Kuba K, Imai Y, Rao S, Gao H, Guo F, Guan B, et al. A crucial 
role of angiotensin converting enzyme 2 (ACE2) in SARS 
coronavirus-induced lung injury. Nat Med 2005; 11 (8): 875-9. 
doi: 10.1038/nm1267. 

[23]. Mehta N, Kalra A, Nowacki AS, Anjewierden S, Han Z, Bhat P, 
et al. Association of Use of Angiotensin-Converting Enzyme 
Inhibitors and Angiotensin II Receptor Blockers With Testing 
Positive for Coronavirus Disease 2019 (COVID-19). JAMA 
Cardiol 2020 May 5; e201855. doi: 
10.1001/jamacardio.2020.1855. 

[24]. Jarcho JA, Ingelfinger JR, Hamel MB, D'Agostino RB, 
Harrington DP. Inhibitors of the 
Renin-Angiotensin-Aldosterone System and Covid-19. N Engl 
J Med 2020; 382 (25): 2462-2464. doi: 
10.1056/NEJMe2012924. 

[25]. Guo X, Zhu Y, Hong Y. Decreased Mortality of COVID-19 
with Renin-Angiotensin-Aldosterone System Inhibitors 
Therapy in Patients with Hypertension: A Meta-Analysis. 
Hypertension 2020; 76 (2): e13-e14. doi: 
10.1161/HYPERTENSIONAHA.120.15572. 

[26]. Mackey K, King VJ, Gurley S, Kiefer M, Liederbauer E, Vela 
K, et al. Risks and Impact of Angiotensin-Converting Enzyme 
Inhibitors or Angiotensin-Receptor Blockers on SARS-CoV-2 
Infection in Adults. Ann Intern Med 2020 May 15; M20-1515. 
doi: 10.7326/M20-1515. 

[27]. Engin AB, Engin ED, Engin A. Two Important Controversial 
Risk Factors in SARS-CoV-2 Infection: Obesity and Smoking. 
Environ Toxicol Pharmacol 2020; 78: 103411. doi: 
10.1016/j.etap.2020.103411. 

[28]. Landsberg L, Aronne LJ, Beilin LJ, Burke V, Igel LI, 
Lloyd-Jones D, et al. Obesity-related hypertension: 
pathogenesis, cardiovascular risk, andtreatment −a position 
paper of the Obesity Society and the American Societyof 
Hypertension. Obesity (Silver Spring) 2013; 21 (1): 8-24. doi: 
10.1002/oby.20181. 



210 Patricia Díaz-Guardiola et al.:  Association of Use of Angiotensin-Converting Enzyme Inhibitors and Angiotensin II  

Receptor Blockers with Coronavirus Disease 2019 Severity and Mortality 

[29]. DeFronzo RA. Pathogenesis of Type 2 Diabetes Mellitus. Med 
Clin North Am 2004; 88 (4): 787-835. doi: 
10.1016/j.mcna.2004.04.013. 

[30]. Lavie CJ, De Schutter A, Parto P, Jahangir E, Kokkinos P, 
Ortega FB, et al. Obesity and prevalence of cardiovascular 
diseases and prognosis: the obesity paradox updated. Prog 
Cardiovasc Dis 2016; 58 (5): 537–47. doi: 
10.1016/j.pcad.2016.01.008. 

[31]. Wang Y, Chen X, Song Y, Caballero B, Cheskin LJ. 
Association Between Obesity and Kidney Disease: A 
Systematic Review and Meta-Analysis Kidney Int 2008; 73 (1): 
19-33. doi: 10.1038/sj.ki.5002586. 

[32]. Wu JT, Leung K, Bushman M, Kishore N, Niehus R, de Salazar 
PM, et al. Estimating Clinical Severity of COVID-19 From the 
Transmission Dynamics in Wuhan, China. Nat Med 2020; 26 
(4): 506-510. doi: 10.1038/s41591-020-0822-7. 

[33]. Verity R, Okell LC, Dorigatti I, Winskill P, Whittaker C, Imai N, 
et al. Estimates of the Severity of Coronavirus Disease 2019: A 
Model-Based Analysis. Lancet Infect Dis 2020; 20 (6): 
669-677. doi: 10.1016/S1473-3099(20)30243-7. 

[34]. Thompson WW, Shay DK, Weintraub E, Brammer L, Cox N, 
Anderson LJ, et al. Mortality Associated With Influenza and 
Respiratory Syncytial Virus in the United States. JAMA 2003; 
289 (2): 179-86. doi: 10.1001/jama.289.2.179. 

 

 


