
Protocol

This trial protocol has been provided by the authors to give readers additional information about their work.

Protocol for: 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. DOI: 10.1056/NEJMoa2006923



 

1 

 

Table of Contents 

Original protocol .................................................................................................................................. 2 

Final protocol ....................................................................................................................................... 9 

Summary of changes .......................................................................................................................... 16 

Original statistical analysis plan ........................................................................................................ 17 

Final statistical analysis plan .............................................................................................................. 18 

Summary of changes .......................................................................................................................... 19 

 

  

  



 

2 

 

Original protocol 
Summary 

Title Blockers of the renin-angiotensin system and the risk of Covid-19 

infection 

Study objectives Primary objective: is to evaluate the association between use of 

angiotensin receptor antagonists (ARBs) and angiotensin converting 

enzyme inhibitors (ACEIs), and the risk of Covid-19 infection 

Secondary objectives: 

- to assess the association between use of ARBs and ACEIs, 

and the severity of Covid-19 infection 

- to assess the above-mentioned associations in men and 

women 

- to assess the above-mentioned associations in younger and 

older patients 

Study type Observational 

Observation model Population-based case-control 

Number of participants Approximately 7,000 cases and 30,000 controls 

Location Lombardy Region (Italy) 

Inclusion criteria Cases: 

- Beneficiaries of the Regional Health Service 

- Age ≥ 40 years  

- Diagnosis of Covid-19 infection from 21st February until 

11th March 2020 

 

Controls: 

- Beneficiaries of the Regional Health Service 

- Age ≥ 40 years 

Exclusion criteria Controls: 

- Diagnosis of Covid-19 infection from 21st February until 

11th March 2020 

Sampling method Density incidence approach will be used for selecting controls 

Primary endpoint Odds ratios for association between use of ARBs and ACEs and 

Covid-19 infection 

Secondary endpoints - Odds ratios for association between use of ARBs and ACEIs 

and critical/fatal Covid-19 infection 

- Odds ratios for association between use of ARBs and ACEIs 

and Covid-19 infection in men and women 

- Odds ratios for association between use of ARBs and ACEIs 

and Covid-19 infection in younger and older patients (< 60 

years and ≥ 60 years old respectively) 
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Title 
Blockers of the renin-angiotensin system and the risk of Covid-19 infection 
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Background 

Animal studies have shown that the angiotensin converting enzyme 2 (ACE2), a membrane- bound 

aminopeptidase that is abundantly expressed in the lungs, the heart, as well as in other tissues [1], 

is utilized by coronaviruses as a functional receptor for their entrance into the cells [2-4]. This has 

generated the hypothesis that drugs commonly used for the treatment of hypertension, heart failure, 

renal disease and post-myocardial infarction states such as angiotensin receptor antagonists 

(ARBs) and ACE inhibitors (ACEIs) modify the susceptibility, severity and mortality rate of the 

current human infections with the Covid-19 because of their well-known association with an 

overexpression of ACE2, more consistent and marked for ARBs than for ACEIs [5-7]. This 

modification has been interpreted as to lead to an increased risk of infection due to a drug-induced 

increase in the ACE2 substrate, i.e. angiotensin II [8]. It has also been suggested, however, that, 

on the contrary, blockers of the renin-angiotensin system might have a protective effect [9] because 

1) the increased angiotensin II might compete with the virus at the receptor level; and 2) ACE2 

converts angiotensin II into inactive compounds [1] and may directly attenuate tissue injury [10], 

making its overexpression mechanistically favorable. Unfortunately, published clinical data are 

largely limited to general demographic and clinical characteristics of the patients, with no focused 

information on the type of antihypertensive treatment they were prescribed at or close to the time 

of the Covid-19 infection [11,12]. This means that no evidence is available on whether blockers 

of the renin-angiotensin system modify the human response to the Covid-19 infection, as well as 

whether the modification might have an adverse or a protective sign [13]. This represents a serious 

problem because the possibility that blockers of the renin-angiotensin system may have a 

relationship with the susceptibility to the Covid-19 infection has had a worldwide large echo in 

the media, as a result of which many patients have stopped their use [14,15]. Blockers of the renin-

angiotensin system are widely used life-saving drugs for cardiovascular and renal disease, and 

there is strong evidence that treatment withdrawal is associated with a marked increase in related 

morbidity and mortality risk [16-18]. 
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Study objectives 

The main goal of this population-based case-control study is to evaluate the association between 

use of ARBs and ACEIs, and the risk of Covid-19 infection. 

Secondary objectives are: (i) to evaluate the associations between use of ARBs and ACEIs, and 

the severity of Covid-19 infection, (ii) to assess the association of interest in men and women, and 

(iii) to assess the association of interest in younger and older patients. 
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Study Design 

A population-based case-control study will be carried out in Lombardy Region (Italy). 

 

Inclusion criteria (cases): 

- Beneficiaries of the Regional Health Service 

- Age ≥ 40 years  

- Diagnosis of Covid-19 infection from 21st February until 11th March 2020 

 

 

Diagnosis of Covid-19 infection. Since February 21st 2020, individual data on patients who had a 

confirmed diagnosis of Covid-19 infection were signaled to the Regional Health Authority from 

several sources. The latter included: (i) public and private hospitals (inpatients, and among these, 

those who required assisted ventilation), (ii) General Practitioners (outpatients receiving 

domiciliary care), and (iii) municipal registries (deaths due to Covid-19 infection). Laboratories 

accredited from the Regional Health Authority finally gave a fundamental contribution to the 

active reporting system by signaling of patients underwent to diagnostic procedure for Covid-19. 

The diagnostic algorithm is based on the protocol released by the World Health Organization 

(WHO), i.e., on nasopharyngeal swab specimens tested by real time polymerase chain reaction for 

SARS-Cov-2 RNA within three hours. Laboratory confirmation of the virus is performed using 

real time reverse transcription polymerase chain reaction. After performing formal inspection of 

individual signaling, Regional Health Authority carries out their record linkage, and provides 

official data on day-by-day new cases and deaths. The process centralization ensures homogeneity 

of signaling and uniformity of diagnostic testing along the entire period of observation. The date 

of Covid-19 diagnosis will be considered as the index date and patients will be extracted from the 

registry until March 11, 2020. 

Patients who required assisted ventilation or died during intensive care will be classified as having 

a critical/fatal infection, the remaining being regarded as affected from mild clinical manifestations 

of the infection. 

 

 

Inclusion criteria (controls): 

- Beneficiaries of the Regional Health Service 

- Age ≥ 40 years 

 

Exclusion criteria (controls): 

- Diagnosis of Covid-19 infection from 21st February until 11th March 2020 

 

Matching: For each case, up to five controls will be randomly selected from the target population 

to be matched for gender, age at index date and municipality of residence. Density incidence 

approach will be used for selecting controls 
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Exposure of interest 
Use of ACEIs and ARBs dispensed during 2019. 

 

Covariates 
Previous hospitalizations for cardiovascular disease, cancer, respiratory and kidney disease 

suffered by cases and controls will be traced from the regional databases. In addition, cases and 

controls will be categorized according to the Chronic Related Score (CReSc), a new index of 

patients’ clinical profile derived from inpatient and outpatient services provided by the Regional 

Health Service and validated for outcome prediction [19]. 

Major blood-pressure lowering agents dispensed to cases and controls during 2019 (calcium 

channel blockers, diuretics, and β-blockers) will be traced from the healthcare utilization databases 

along with the dispensation of a variety of other drugs: lipid-lowering agents (mainly statins), oral 

antidiabetic, insulin, antiplatelet, antiarrhythmic, anticoagulant, digital, nitrates, inhaled 

corticosteroids, immunosuppressant agents (i.e., glucocorticoids, calcineurin inhibitors, 

antiproliferative agents and monoclonal antibodies), short-acting and long-acting β-agonists 

(SABA/LABA) and other agents used for chronic respiratory diseases. 
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Outcome Measure 

 

Primary Outcome Measure: Odds ratios for association between use of ARBs and ACEs and 

Covid-19 infection 

 

Secondary Outcome Measures: 

1. Odds ratios for association between use of ARBs and ACEs and critical/fatal Covid-19 

infection 

2. Odds ratios for association between use of ARBs and ACEs and Covid-19 infection in 

men and women 

3. Odds ratios for association between use of ARBs and ACEs and Covid-19 infection in 

younger and older patients (< 60 years and ≥ 60 years old, respectively) 
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Final protocol 
Summary 

Title Blockers of the renin-angiotensin system and the risk of Covid-19 

infection 

Study objectives Primary objective: is to evaluate the association between use of 

angiotensin receptor antagonists (ARBs) and angiotensin converting 

enzyme inhibitors (ACEIs), and the risk of Covid-19 infection 

Secondary objectives: 

- to assess the association between use of ARBs and ACEIs, 

and the severity of Covid-19 infection 

- to assess the above-mentioned associations in men and 

women 

- to assess the above-mentioned associations in younger and 

older patients 

Study type Observational 

Observation model Population-based case-control 

Number of participants Approximately 7,000 cases and 30,000 controls 

Location Lombardy Region (Italy) 

Inclusion criteria Cases: 

- Beneficiaries of the Regional Health Service 

- Age ≥ 40 years  

- Diagnosis of Covid-19 infection from 21st February until 

11th March 2020 

 

Controls: 

- Beneficiaries of the Regional Health Service 

- Age ≥ 40 years 

Exclusion criteria Controls: 

- Diagnosis of Covid-19 infection from 21st February until 

11th March 2020 

Sampling method Density incidence approach will be used for selecting controls 

Primary endpoint Odds ratios for association between use of ARBs and ACEs and 

Covid-19 infection 

Secondary endpoints - Odds ratios for association between use of ARBs and ACEIs 

and critical/fatal Covid-19 infection 

- Odds ratios for association between use of ARBs and ACEIs 

and Covid-19 infection in men and women 

- Odds ratios for association between use of ARBs and ACEIs 

and Covid-19 infection in younger and older patients (< 60 

years and ≥ 60 years old respectively) 
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Title 
Blockers of the renin-angiotensin system and the risk of Covid-19 infection 
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Background 

Animal studies have shown that the angiotensin converting enzyme 2 (ACE2), a membrane- bound 

aminopeptidase that is abundantly expressed in the lungs, the heart, as well as in other tissues [1], 

is utilized by coronaviruses as a functional receptor for their entrance into the cells [2-4]. This has 

generated the hypothesis that drugs commonly used for the treatment of hypertension, heart failure, 

renal disease and post-myocardial infarction states such as angiotensin receptor antagonists 

(ARBs) and ACE inhibitors (ACEIs) modify the susceptibility, severity and mortality rate of the 

current human infections with the Covid-19 because of their well-known association with an 

overexpression of ACE2, more consistent and marked for ARBs than for ACEIs [5-7]. This 

modification has been interpreted as to lead to an increased risk of infection due to a drug-induced 

increase in the ACE2 substrate, i.e. angiotensin II [8]. It has also been suggested, however, that, 

on the contrary, blockers of the renin-angiotensin system might have a protective effect [9] because 

1) the increased angiotensin II might compete with the virus at the receptor level; and 2) ACE2 

converts angiotensin II into inactive compounds [1] and may directly attenuate tissue injury [10], 

making its overexpression mechanistically favorable. Unfortunately, published clinical data are 

largely limited to general demographic and clinical characteristics of the patients, with no focused 

information on the type of antihypertensive treatment they were prescribed at or close to the time 

of the Covid-19 infection [11,12]. This means that no evidence is available on whether blockers 

of the renin-angiotensin system modify the human response to the Covid-19 infection, as well as 

whether the modification might have an adverse or a protective sign [13]. This represents a serious 

problem because the possibility that blockers of the renin-angiotensin system may have a 

relationship with the susceptibility to the Covid-19 infection has had a worldwide large echo in 

the media, as a result of which many patients have stopped their use [14,15]. Blockers of the renin-

angiotensin system are widely used life-saving drugs for cardiovascular and renal disease, and 

there is strong evidence that treatment withdrawal is associated with a marked increase in related 

morbidity and mortality risk [16-18]. 
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Study objectives 

The main goal of this population-based case-control study is to evaluate the association between 

use of ARBs and ACEIs, and the risk of Covid-19 infection. 

Secondary objectives are: (i) to evaluate the associations between use of ARBs and ACEIs, and 

the severity of Covid-19 infection, (ii) to assess the association of interest in men and women, and 

(iii) to assess the association of interest in younger and older patients. 
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Study Design 

A population-based case-control study will be carried out in Lombardy Region (Italy). 

 

Inclusion criteria (cases): 

- Beneficiaries of the Regional Health Service 

- Age ≥ 40 years  

- Diagnosis of Covid-19 infection from 21st February until 11th March 2020 

 

 

Diagnosis of Covid-19 infection. Since February 21st 2020, individual data on patients who had a 

confirmed diagnosis of Covid-19 infection were signaled to the Regional Health Authority from 

several sources. The latter included: (i) public and private hospitals (inpatients, and among these, 

those who required assisted ventilation), (ii) General Practitioners (outpatients receiving 

domiciliary care), and (iii) municipal registries (deaths due to Covid-19 infection). Laboratories 

accredited from the Regional Health Authority finally gave a fundamental contribution to the 

active reporting system by signaling of patients underwent to diagnostic procedure for Covid-19. 

The diagnostic algorithm is based on the protocol released by the World Health Organization 

(WHO), i.e., on nasopharyngeal swab specimens tested by real time polymerase chain reaction for 

SARS-Cov-2 RNA within three hours. Laboratory confirmation of the virus is performed using 

real time reverse transcription polymerase chain reaction. After performing formal inspection of 

individual signaling, Regional Health Authority carries out their record linkage, and provides 

official data on day-by-day new cases and deaths. The process centralization ensures homogeneity 

of signaling and uniformity of diagnostic testing along the entire period of observation. The date 

of Covid-19 diagnosis will be considered as the index date and patients will be extracted from the 

registry until March 11, 2020. 

Patients who required assisted ventilation or died during intensive care will be classified as having 

a critical/fatal infection, the remaining being regarded as affected from mild clinical manifestations 

of the infection. 

 

 

Inclusion criteria (controls): 

- Beneficiaries of the Regional Health Service 

- Age ≥ 40 years 

 

Exclusion criteria (controls): 

- Diagnosis of Covid-19 infection from 21st February until 11th March 2020 

 

Matching: For each case, up to five controls will be randomly selected from the target population 

to be matched for gender, age at index date and municipality of residence. Density incidence 

approach will be used for selecting controls 
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Exposure of interest 
Use of ACEIs and ARBs dispensed during 2019. 

 

Covariates 
Previous hospitalizations for cardiovascular disease (including coronary artery disease, 

percutaneous coronary intervention and heart failure), cancer, respiratory (including chronic 

obstructive pulmonary disease and asthma) and kidney disease (including chronic kidney disease 

and dialysis) suffered by cases and controls will be traced from the regional databases. In addition, 

cases and controls will be categorized according to the Chronic Related Score (CReSc), a new 

index of patients’ clinical profile derived from inpatient and outpatient services provided by the 

Regional Health Service and validated for outcome prediction [19]. 

Major blood-pressure lowering agents dispensed to cases and controls during 2019 (calcium 

channel blockers, diuretics (including subtypes, i.e., thiazide/thiazide-like, loop, mineralocorticoid 

receptor antagonists), and β-blockers) will be traced from the healthcare utilization databases. 

Dispensation of drugs operating through the renin-angiotensin system will be extended to renin 

inhibitors and sacubitril/valsartan. We will also trace blood pressure lowering drugs dispensed as 

monotherapy and combination therapies, those with a renin-angiotensin system blocker being the 

vast majority. Other drug treatments dispensed during 2019 will include lipid-lowering agents 

(mainly statins), oral antidiabetic (as a whole and the more commonly dispensed classes), insulin, 

antiplatelet, antiarrhythmic, anticoagulant, digital, nitrates, inhaled corticosteroids, non-steroidal 

anti-inflammatory drugs (NSAIDs), immunosuppressant agents (i.e., glucocorticoids, calcineurin 

inhibitors, antiproliferative agents and monoclonal antibodies), short-acting and long-acting β-

agonists (SABA/LABA) and other agents used for chronic respiratory diseases. 
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Outcome Measure 

 

Primary Outcome Measure: Odds ratios for association between use of ARBs and ACEs and 

Covid-19 infection 

 

Secondary Outcome Measures: 

4. Odds ratios for association between use of ARBs and ACEs and critical/fatal Covid-19 

infection 

5. Odds ratios for association between use of ARBs and ACEs and Covid-19 infection in 

men and women 

6. Odds ratios for association between use of ARBs and ACEs and Covid-19 infection in 

younger and older patients (< 60 years and ≥ 60 years old, respectively) 
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Summary of changes  
 

A better clinical characterization of patients included in the study was considered in the revised 

protocol. Indeed, several other comorbidities and co-treatments were included: 

- Cardiovascular disease: coronary artery disease, percutaneous coronary intervention, heart 

failure 

- Respiratory diseases: chronic obstructive pulmonary disease, asthma 

- Kidney disease: chronic kidney disease, dialysis 

- Diuretics: thiazide/thiazide-like, loop, mineralocorticoid receptor antagonists 

- Oral antidiabetic drugs: metformin, sulfonylureas, DPP-4 inhibitors, GLP-1 agonists, 

SGLT2 inhibitors, thiazolidinediones, other oral antidiabetic agents 

- Non-steroidal anti-inflammatory drugs: non-selective COX inhibitors, selective COX2 

inhibitors 
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Original statistical analysis plan 
 

Primary analysis 

Conditional logistic regression models will be fitted for estimating odds ratio (OR), and 

corresponding 95% confidence interval (CI), of the risk of Covid-19 infection associated with 

exposure to each individual blood-pressure lowering drug. Adjustments will be made for the 

aforementioned baseline covariates. 

 

Secondary analyses 

Analyses will be restricted to strata having a critical/fatal infection. Stratifications for gender and 

age categories (<60 years, ≥61 years), will be performed as secondary analyses. 

 

Sensitivity analyses 

Two further analyses will be performed to verify the robustness of the findings. First, to minimize 

the inconvenience that exposure to antihypertensive medicaments will not be available after 

December 2019, data will be analyzed according to three criteria i.e. (i) any prescriptions during 

2019, (ii) at least three consecutive prescriptions during 2019, (iii) at least one prescription in the 

last quarter of 2019, assuming that the two latter criteria might identify more reliably an unchanged 

treatment. Second, because the strategy used for SARS-CoV-2 RT-PCR testing changed, i.e., on 

26 February the Italian National Institute of Health recommended that swabbing would only be 

performed on symptomatic patients, rather than to all suspected Covid-19 cases as done in the 

initial phase, analyses will be stratified according to the date of Covid-19 diagnosis (before or after 

26 February). 
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Final statistical analysis plan 
 

Primary analysis 

Conditional logistic regression models will be fitted for estimating odds ratio (OR), and 

corresponding 95% confidence interval (CI), of the risk of Covid-19 infection associated with 

exposure to each individual blood-pressure lowering drug. Adjustments will be made for the 

aforementioned baseline covariates. 

 

Secondary analyses 

Analyses will be restricted to strata having a critical/fatal infection. Stratifications for gender and 

age categories (<60 years, ≥61 years), will be performed as secondary analyses. 

 

Sensitivity analyses 

Two further analyses will be performed to verify the robustness of the findings. First, to minimize 

the inconvenience that exposure to antihypertensive medicaments will not be available after 

December 2019, data will be analyzed according to three criteria i.e. (i) any prescriptions during 

2019, (ii) at least three consecutive prescriptions during 2019, (iii) at least one prescription in the 

last quarter of 2019, assuming that the two latter criteria might identify more reliably an unchanged 

treatment. Second, because the strategy used for SARS-CoV-2 RT-PCR testing changed, i.e., on 

26 February the Italian National Institute of Health recommended that swabbing would only be 

performed on symptomatic patients, rather than to all suspected Covid-19 cases as done in the 

initial phase, analyses will be stratified according to the date of Covid-19 diagnosis (before or after 

26 February). 
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Summary of changes  
 

No change. 

  



 

20 

 

References 

[1] Paul M, Mehr Ap Kreutz R. Physiology of Local Renin-Angiotensin Systems. Physiol Rev 

2006;86:747-803 

[2] Turner AJ, Hiscox JA, Hooper NM. ACE2: from vasopeptidase to SARS virus receptor. Trends 

Pharmacol Sci 2004;25:291-4 

[3] Li W, Moore MJ, Vasilieva N, Sui J, et al. Angiotensin-converting enzyme 2 is a functional 

receptor for the SARS coronavirus. Nature 2003;426:450-4 

[4] Zhou P, Yang XL, Wang XG, et al. A pneumonia outbreak associated with a new coronavirus 

of probable bat origin. Nature 2020;579:270-3 

[5] Soler MJ, Barrios C, Oliva R, Batlle D. Pharmacologic modulation of ACE2 expression. Curr 

Hypertens Rep 2008;10:410-4 

[6] Furuhashi M, Moniwa N, Mita T, et al. Urinary angiotensin-converting enzyme 2 in 

hypertensive patients may be increased by olmesartan, an angiotensin II receptor blocker. Am J 

Hypertens 2015;28:15-21 

[7] Ferrario CM, Jessup J, Chappell MC, et al. Effect of angiotensin-converting enzyme inhibition 

and angiotensin II receptor blockers on cardiac angiotensin-converting enzyme 2. Circulation 

2005;111:2605-10 

[8] Esler M, Esler D. Can angiotensin receptor-blocking drugs perhaps be harmful in the COVID-

19 pandemic? J Hypertens 2020, doi: 10.1097/HJH.0000000000002450 

[9] Imai Y, Kuba K, Rao S, et al. Angiotensin-converting enzyme 2 protects from severe acute 

lung failure. Nature 2005;436:112-6 

[10] Romero CA, Orias M, Weir MR. Novel RAAS agonists and antagonists: clinical applications 

and controversies. Nat Rev Endocrinol 2015;11:242-52 

[11] Gurwitz D. Angiotensin receptor blockers as tentative SARS-CoV-2 therapeutics. Drug Dev 

Res. 2020 Mar 4, doi: 10.1002/ddr.21656 

[12] Chen S, Yang J, Yang W, Wang C, Bärnighausen T. COVID-19 control in China during mass 

population movements at New Year. Lancet 2020;395:764-6 

[13] Guan WJ, Ni ZY, Hu Y, et al; China Medical Treatment Expert Group for Covid-19. Clinical 

Characteristics of Coronavirus Disease 2019 in China. N Engl J Med 2020, doi: 

10.1056/NEJMoa2002032 

[14] Kuster GM, Pfister O, Burkard T, et al. SARS-CoV2: should inhibitors of the renin-

angiotensin system be withdrawn in patients with COVID-19? Eur Heart J. 2020:ehaa235. doi: 

10.1093/eurheartj/ehaa235 

[15] Patel AB, Verma A. COVID-19 and Angiotensin-Converting Enzyme Inhibitors and 

Angiotensin Receptor Blockers: What Is the Evidence? JAMA. 2020. doi: 

10.1001/jama.2020.4812 

[16] Hirakawa Y, Arima H, Webster R, et al. Risks associated with permanent discontinuation of 

blood pressure-lowering medications in patients with type 2 diabetes. J Hypertens 2016;34:781-7 

[17] Bhandari S, Ives N, Brettell EA, et al. Multicentre randomized controlled trial of angiotensin-

converting enzyme inhibitor/angiotensin receptor blocker withdrawal in advanced renal disease: 

the STOP-ACEi trial. Nephrol Dial Transplant 2016;31:255-61 

[18] Vardeny O, Claggett B, Kachadourian J, et al. Incidence, Predictors, and Outcomes 

Associated With Hypotensive Episodes Among Heart Failure Patients Receiving 

Sacubitril/Valsartan or Enalapril: The PARADIGM-HF Trial (Prospective Comparison of 

Angiotensin Receptor Neprilysin Inhibitor With Angiotensin-Converting Enzyme Inhibitor to 

Determine Impact on Global Mortality and Morbidity in Heart Failure). Circ Heart Fail 

2018;11:e004745 



 

21 

 

[19] Rea F, Corrao G, Ludergnani M, Cajazzo L, Merlino L. A new population-based risk 

stratification tool was developed and validated for predicting mortality, hospital admissions, and 

health care costs. J Clin Epidemiol 2019;116:62-71 


