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1. Introduction 
1.1 What is coronavirus? 

Coronaviruses belong to a family of viruses that typically cause mild disease, such 

as the common cold, but also cause severe respiratory diseases such as Middle 

East Respiratory Syndrome (MERS-CoV) or Severe Acute Respiratory Syndrome 

(SARS-CoV) [1,2]. The novel coronavirus epidemic Coronavirus Disease 2019 

(COVID-19) is caused by SARS-CoV-2 (Severe Acute Respiratory Syndrome 

Coronavirus 2), which invades cells by attachment to the angiotensin converting 

enzyme 2 (ACE2) receptor [1,2].  

 

1.2 Current COVID-19 pandemic 

COVID-19 is an emerging, rapidly evolving, global pandemic impacting nearly 210 

countries and/or regions, and more than 1.9 million patients worldwide, with more 

than 125,000 deaths as of April 14, 2020 [2]. Available data indicate that COVID-19 

is a relatively mild condition in most affected individuals but, in others, it can be very 

severe and deadly. Progression to pneumonia, acute respiratory distress syndrome 

(ARDS), multi-organ failure and death occurs, particularly in the elderly and those 

with key co-morbidities: chronic obstructive pulmonary disease (COPD), 

cardiovascular disease (CVD), hypertension (HTN) and diabetes mellitus (DM). 

However, severe disease requiring hospitalization, and even deaths, have been 

reported in younger adults [2,3]. 

In December 2019, the novel Coronavirus Disease 2019 (COVID-19) outbreak started 

in Wuhan, the capital of Hubei province in China. Since then it has spread around the 

world. On 30 January 2020, the World Health Organization (WHO) declared the 

outbreak a “public health emergency of international concern”[2]. The spread onto the 

African continent and other low-income countries is of great concern. Large and 

densely populated areas and townships with widespread poverty and high migration 

are the most vulnerable populations for airborne pandemics. Existing epidemics of 

human immunodeficiency virus (HIV), tuberculosis (TB) and malaria are likely to 

collide with COVID-19 and may lead to morbidity and mortality patterns different from 

currently affected “hot spot” countries. Known risk factors for severe cases of COVID-

19, COPD, CVD, HTN, and DM, have a high prevalence in low- and middle-income 

countries, and these conditions are generally worse controlled in these settings than 
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in high income countries and therefore the potential associated risk might be higher 

[3,4,5,6].   

 

1.3 Link between Cardiovascular disease and COVID-19 
1.3.1  Evidence from previous studies  

CVD was a common comorbidity in patients with COVID-19 predecessors 

SARS and MERS [7,8,9]. In SARS, the prevalence of DM and CVD was 11% 

and 8% respectively, and the presence of either comorbidity increased the 

risk of death twelvefold. DM and HTN were prevalent in about 50% of cases 

of MERS, while CVD was present in approximately 30% of patients. The 

adverse impact on outcome of CVD comorbidities holds true for COVID-19 

[8-12]. Analysis of an outpatient and inpatient cohort of 1,099 patients with 

COVID-19 reported that 24% had any comorbidity (58% among those with 

intubation or death), with 15% having HTN (36% among those with intubation 

or death), 7.4% with DM (27% among those with intubation or death), and 

2.5% with coronary heart disease (9% among those with intubation or death) 

[13]. Data from the National Health Commission (NHC) of China showed that 

35% of patients diagnosed with COVID-19 had HTN and 17% had coronary 

heart disease [14]. A meta-analysis of eight studies from China, including 

46,248 infected patients, showed the most prevalent comorbidities were HTN 

(17±7%, 95% CI 14-22%), DM (8±6%, 95% CI 6-11%), and CVD (5±4%, 

95% CI 4-7%) [15]. 

 

1.3.2 Theories regarding pathophysiology     

 

The mechanism of the associations between COVID-19 and CVD are 

diverse [14,16]. The presence of compromised cardiac function or pulmonary 

hypertension will naturally limit a patient’s ability to cope with respiratory or 

multi-organ failure.  Older age is associated with higher prevalence of CVD, 

HTN, DM, and with a functionally impaired immune system. For example, 

50% of adults older than 65 years of age who receive the influenza vaccine 

have low protective titers [10]. COVID-19 infection sets off an acute 

inflammatory storm, in fact, the robust inflammatory response is responsible 

for progressive lung injury.  This response may also lead to myocardial injury 
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and impaired cardiac function [17,18]. COVID-19 infection is initiated by the 

binding of the virus with the ACE-2 receptor [19].  This has led to speculation 

concerning the predilection of COVID-19 for those with hypertension or CVD 

and consideration of whether or not medications that block ACE-2 are helpful 

or harmful to patients. By upregulating ACE-2, these medications may 

increase susceptibility; on the other hand ACE-2 is important as a host 

defense against lung injury from acute respiratory defense mechanism and 

the medications improve cardiac function [19]. Urgent research in this area is 

needed. 

There is concern that COVID-19 is cardiotropic, based on the high prevalence 

of findings consistent with myocardial injury, disturbances of cardiac function, 

presence of pericardial effusions in some patients, and absence of obstructive 

coronary disease in patients with acute myocardial injury and suggestive ECG 

changes. Autopsy findings confirm, in some patients, the presence of 

myocarditis but characterization of the pathophysiology remains incomplete. 

One pathological investigation included biopsy samples at autopsy of a patient 

who died of COVID-19; these showed a few mononuclear inflammatory 

infiltrates in the myocardial interstitium, without substantial damage in the 

heart tissue.  

 

1.3.3 Emerging data from current pandemic  

COVID-19 interacts with the cardiovascular system on multiple levels. 

Individuals with underlying chronic CVD are both more susceptible to COVID-

19 and more prone to myocardial injury and dysfunction, critical deterioration 

and death. Patients with COVID-19 and CVD had a much higher fatality rate 

(10.5%) with COVID-19 and HTN (6.0%), as compared to 0.9% in patients with 

no reported comorbid conditions. Arrythmias are present in 17% of patients. 

Myocardial injury, evidenced by elevated cardiac biomarkers, was recognized 

among early COVID-19 cases in China [19,20,21]. In a study of 138 

hospitalized patients with COVID-19 in Wuhan China, cardiac injury (elevated 

high sensitivity Troponin I [hs-cTnI] or new ECG or echocardiographic 

abnormalities) was present in 7.2% of patients, and 22% that required ICU 

care. In meta-analysis of all Chines reports, about 8-12% of patients had 

elevated troponin levels, or cardiac arrest during the hospitalization [22]. 
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Notably, hs-cTnI was above the 99th percentile upper reference limit in 46% 

of non-survivors as opposed to 1% of survivors. Patients with myocardial injury 

also had evidence of more severe systemic inflammation, including greater 

leukocyte counts and higher levels of C-reactive protein and procalcitonin as 

well as high levels of other biomarkers of myocardial injury and stress, such 

as elevated creatine kinase, myoglobin, and NT-proBNP. This injury has been 

attributed to multiple causes in individual patients: myocarditis, acute 

myocardial inflammation, or acute myocardial infarction.  Patients who 

developed myocardial injury with COVID-19 had clinical evidence of higher 

acuity, with a higher incidence of acute respiratory distress syndrome and 

more frequent need for assisted ventilation than those without myocardial 

injury. 

Acute pulmonary infection may destabilize CVD, including heart failure and 

atherosclerosis, including precipitating acute myocardial infarction, which has 

been reported in the pandemic. Deterioration of cardiac function would then, 

in turn, exacerbate COVID-19 management [23,24].  

  

1.3.4. Rationale for the current study  

As summarized above although there is emerging evidence that CVD, DM, 

and HTN are associated with COVID19 and its severity. COVID-19 may be 

cardiotropic in a subset of patients. Both acute and pre-existing CVD impact 

outcomes unfavorably. It is possible that one common CVD treatment, 

medications that impact ACE-2 function, may impact outcomes either 

favorably or unfavorably.  

However, studies so far have, perforce, been conducted with important 

limitations (e.g. small numbers, limited geographical representation, lack of 

data standardization for risk factors and outcomes, limited measurement, lack 

of appropriate adjustment for important confounders, and missing data) [25]. 

Considering the high global prevalence of CVD and its risk factors (e.g. 

hypertension and diabetes) and the suggested link with COVID19 it is urgent 

to initiate more robust studies to clarify the many issues early reports have 

engendered. 

In order to reach robust conclusions that could inform clinical and policy 

practices, we will conduct a global study for a better understanding of the 
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cardiovascular conditions that increase the risk of developing severe COVID-

19, and a better characterization of cardiovascular complications in 

hospitalized patients with COVID-19.  

 
  

2. Study Objectives 
2.1 Primary objectives 

2.1.1 To describe cardiovascular outcomes among patients hospitalized with 

COVID-19;    

2.1.1 To identify cardiovascular risk factors associated with poor in-hospital 

prognosis among patients with COVID-19; 

  

3. Methods 
3.1 Study design  

We will conduct a prospective cohort study including consecutive confirmed COVID-

19 patients. 

 

3.2 Study setting  
Participants will be recruited in any hospital where COVID19 patients are hospitalized. 

We will invite all WHF members from 100+ countries to identify at least two recruiting 

centres in their respective countries. Each centre should recruit between 50 and 200 

consecutive patients. There is no limit in the number of sites to take part.  

 

3.3 Study Population  
3.3.1 Eligibility criteria 

3.3.1.1 Inclusion Criteria  

• All adult (as locally defined) with confirmed COVID-19 infection who are 

hospitalized are eligible. 

3.3.1.2    Exclusion criteria  

• Patients for whom we are unable to obtain informed consent will be 

excluded. 

• Patients who are unlikely to stay in the recruiting centre for 30 days (i.e. 

likely to be transferred)  

3.3.2 Follow up  
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All patients will be followed up until 30 days, death or discharge whichever 

occurs first.  If patient is discharged prior to 30 days, a phone contact will be 

made to find out whether patient is alive or dead or if the patient had any re-

hospitalization. 

 

3.4. Variables 
We will collect the following data variables. 

Centre level: each center will provide the following information only once at the 

beginning of the study: Estimated size of population served, total number of beds, 

number of ICU beds, number of ventilators, number of cardiologists, availability of 

echocardiogram (including point-of-care ultrasound), number of primary PCI cases/ 

ECMO/ heart transplantations performed per year prior to the COVID-19 outbreak  

 
Patient level  

3.4.1. Exposures  

• Patient demographics: age, sex, ethnicity, weight/height and education level,  

• Clinical history: smoking status, hypertension, diabetes, obesity, heart failure, 

rheumatic heart disease, chagas, history of Coronary artery disease/ 

Percutaneous Coronary Interventions/ Coronary artery bypass graft surgery 

• Usual medication (before hospitalization) 

• Clinical characteristics at presentation:  confirmed diagnosis of COVID-19, 

heart rate, blood pressure,   

• Tests: ECG, ECHO, troponin, NT-proBNP and other biochemical markers 

• Medication received during hospitalization: cardiovascular and non-

cardiovascular medications. 

3.4.2. Outcomes  
• Need of intensive care, need of ventilator,  

• death (with cause), 

• major adverse cardiovascular events (myocarditis, arrhythmia, heart failure 

[including Left ventricular ejection fraction], acute coronary event [type of 

Myocardial infarction]),  

• neurological outcomes,  

• pulmonary outcomes 
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3.5. Data collection 
This study will be coordinated from PHFI and CCDC (India) and conducted in 

hospitals in low-, middle- and high-income countries. Data will be collected at each 

site by local investigators and sent to the coordinating center. Only data outlined on 

the entry and outcome forms will be collected.  Each site will have a research 

coordinator who will enter in-hospital entry and outcome form via a secure website 

throughout the entire study period. Hospital-level data will be collected just once when 

the hospital joins the study.  

We will use an electronic form (redcap) to collect entry and outcome forms. The entry 

form will be used at hospital admission to collect baseline data. The outcome form will 

be completed 30 days after hospital admission or death or hospital discharge 

whichever occurs first. These data will be collected from the patient’s routine medical 

records and no special tests will be required.  We will also collect data on ECG 

(scanned copies of ECG and/or digital files) and echocardiogram (raw DICOM) 

conducted as part of the usual clinical care of patients. ECG exams will be uploaded 

to a web-based platform to be read and codified, according to the Minnesota Code, 

by experienced and certified cardiologists. Automatic measurements of ECG 

intervals, including the QT interval, will be reviewed.  ECG (xml or image files) and 

echo images (raw DICOM) will be anonymized at sites via provided software and sent 

via encrypted cloud for central reading [26,27].  

 

4. Data management 
 

4.1 Source Data  

Data will be collected directly from the patient’s routine medical records, clinical notes 

at hospital admission, and at 30 days, discharge or death, whichever occurs first, 

using CRFs administered by study investigators. If a patient is discharged before 30 

days investigators will make a phone contact to find out whether patient is alive or 

death at 30 days and if the patient had re-hospitalization.   

The CRF (source notes) will be completed in English for each enrolled patient. Study 

personnel and the principal investigator at each centre will be responsible for 

evaluating the CRFs for accuracy and completeness before entering into the online 

electronic clinical data management system. Once entered, the data manager will 

review the data for discrepancies and missing data. The site will then be informed to 
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make any required corrections and/or additions and the CRF’s stored until all analyses 

are completed. The principal investigators and the study site research coordinator will 

be required to respond to the data queries and confirm and correct the data. A printed 

copy of the CRF and individual informed consents will be maintained in the 

participant’s file. Confidentiality of participant’s data will be maintained in accordance 

with national laws with the informed consent form containing a statement describing 

the extent to which confidentiality of the participant will be maintained. 

 

4.2 Language 
CRFs will be in English. Generic names for concomitant medications should be 

recorded in the CRF wherever possible. All written material to be used by 

participants will use vocabulary that is clearly understood and be in the language 

appropriate for the study site. 

 
4.3 Database 

 

Study personnel at the participating sites will be responsible for completing CRFs 

through remotely accessing a centralized electronic clinical data management 

system. Appropriate training will be provided to the clinic site teams for entering data 

into the electronic data capture system by the project manager. CCDC will be 

serving as the Research Coordinating Centre and will have access to all the study 

data. Individual sites will have access to their own centers’ data and will be provided 

site-specific data summaries by CCDC’s data management team, upon request.  

 
4.4 Access to data, ownership, disclosure of data and publication 

The Sponsor and coordinating center (PHFI/CCDC) are responsible for storage, 

protection and retrieval of registry data. The Steering Committee is responsible for the 

guardianship and use of the data. PHFI/CCDC will have access to all the study data. 

Individual sites will have access to their own centers’ data. Each site personnel who 

is responsible for entering and reviewing participant data on the Electronic Clinical 

Data Management System will be provided access with a secure password. Sites will 

be provided with site-specific data summaries by CCDC, upon request. All vetted 

researchers will be given free access to the online platform and machine learning 

tools to do further research.  
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All publications will be approved by the Steering Committee who will be named on all 

reports. The research teams, research nurses, collaborating doctors, and their 

respective units will be named, and study participants acknowledged in the final report 

and in publications arising from this registry. Acknowledgement in a future publication 

will be offered to all participating centers, national leaders, and site investigators that 

have provided valid data sets according to the publication rules of the European 

Society of Cardiology (ESC) and EURObservational Research Programme (EORP). 

The ESC is a member of the World Heart Federation.  

  
5. Sample size and analysis 

We will invite all WHF members (Scientific Societies and Foundations) from 100+ countries 

to take part in this study. Assuming that 35 members identified at least 2 hospital sites, 

recruiting an average of 75 patients each, we will be able to recruit 5,200 participants. 

Assuming an incidence of 8% of an adverse outcome such as myocarditis we will have more 

than 90% power to detect this adverse outcome with 95% confidence and a margin of error 

of 2% (confidence interval). 

Further, with this sample size of >5000 COVID-19 patients, and assuming a proportion of  

potential cardiovascular risk factor (hypertension)as 20% we will have more than 80% 

power to detect a relative risk of 2.0 for poor outcomes (death, myocarditis, and other major 

adverse cardiovascular events). Interim analyses will be conducted to test our initial 

assumptions and if necessary we will extend our recruitment and increase our sample size 

accordingly. 

Statistical analyses:  Data will be reported as a number (proportion) of patients for 

categorical variables, mean (SD) for normally distributed continuous variables, and median 

(IQR) for skewed distributions. Data-derived and previously published multivariate models 

for in-hospital or post-discharge mortality and complications will be used to adjust for 

significant covariates.  

 

6. Ethical issues 
  
6.1 Institutional Ethics Committee Approval 

All investigators will obtain ethical approval from their institutional ethics committees. 

Eligible patients will be approached regarding potential participation in the study and 

the study purpose, risks, and potential benefits will be explained by the study 
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coordinator and/or principal investigators. Potential patients will be given the 

opportunity to ask questions. Patients who voluntarily agree to participate in the study 

will be asked to document their informed consent. 

 

6.2 Informed Consent 
The investigator or the person designated by the investigator should fully inform the 

patient of all the important aspects of this observational study, including the approval 

by the ethics committee of the study protocol. Prior to the participation of the patient 

in the study, the informed consent form should be signed and personally dated by 

either the patient or the patient’s legally acceptable representative, and by the person 

who conducted the informed consent interview. For those patients who are directly 

unable to provide written informed consent (due to admitted in ICU or unconscious), 

consent could be obtained from a legally acceptable representative and/or in the 

presence of an impartial witness if acceptable by local regulation. 

 

6.3 Participant’s confidentiality 
Study data sent to the Electronic Data Management System at the Research 

Coordinating Centre at CCDC will be securely stored. Source documents pertaining 

to the study which is maintained in each participating site will be stored securely by 

the site coordinator, in accordance with the ethical requirements. Informed consent 

will be obtained from the participants to collect, transmit and store identifiable personal 

information. Identifiable data collected during this study will be replaced by a code 

number. 

 

7. Study Management and governance 
7.1 Study investigators 

Principal Investigators 
Karen Sliwa, Dorairaj Prabhakaran, Pablo Perel  

Co-investigators 
Fausto Pinto, Dike Ojjii, Carolyn Lam, Friedrich Thienemann, Junbo Ge, Amitava 

Banerjee, Kristin Newby, Antonio Ribeiro, Samuel Gidding and Kavita Singh. 

National Leaders and site investigators will constitute the larger team contributing 

to this registry and will be acknowledged to future publications as per the ESC and 

EOPR publications and authorship policy. 
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7.2 Study Steering committee 
The Steering Committee will be the decision-making body of this registry. It will 

consist of members of PHFI and CCDC, India (Drs. Dorairaj Prabhakaran and Kavita 

Singh), LSHTM, UK (Dr. Pablo Perel) and University of Cape Town, South Africa 

(Prof. Karen Sliwa) will meet, via telephone conference, on approximately a weekly 

basis (or less frequently if deemed appropriate) to address the operational and 

scientific matters of the study. The Steering Committee will make the major decisions 

regarding the project, including: 

· the scientific direction of the project, including partner responsibilities and any 

changes in budgetary allocations, 

· the dissemination and exploitation strategy; and 

· any administrative and legal decisions relating to the registry’s contractual 

obligations to the study sponsor (World Heart Federation). 

The daily administrative, scientific and technical management of the project will be 

executed by a Project Management Team based at PHFI/CCDC and LSHTM, 

consisting of the Principal Investigator (Prof. Dorairaj Prabhakaran), Co-PI (prof. 

Pablo Perel), co-investigator (Dr. Kavita Singh) and the Project Manager. The Project 

Management Team will help carry out the decisions of the Steering Committee and 

will be supported in its tasks by the administrative resources based at PHFI/CCDC. 

 

8. Study implications 
This global cohort study will provide insights into the cardiovascular outcomes and 

cardiovascular risk factors among hospitalized patients with confirmed COVID19. By 

providing comparable data from countries around the globe, the study will inform the 

delivery of care for patients with COVID19, with underlying cardiovascular conditions or with 

cardiovascular complications.    
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