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Abstract
Background  Coronavirus disease 2019 (COVID-19) is a global pandemic. Hydroxychloroquine (HCQ)-associated cardio-
vascular adverse events (CVAEs) have been increasingly reported.
Aim  This study aimed to present an observational, retrospective, and comprehensive pharmacovigilance analysis of CVAE 
associated with HCQ in patients with and without COVID-19 using the US Food and Drug Administration Adverse Events 
Reporting System (FAERS) data from January 2020 to December 2020.
Method  We identified 3302 adverse event reports from the FAERS database in the year 2020 and divided them into COVID-
19 and non-COVID-19 groups, respectively. Then we analyzed whether there were differences in CVAEs between the two 
groups.
Results  We found that CVAE was higher in cases with COVID-19 compared to those without COVID-19, odds ratio (OR) 
of 1.26 and a 95% confidence interval (95% CI) of 1.02–1.54. Cases with COVID-19 treated with HCQ exhibited relatively 
higher proportions of torsade de points (TdP) and QT prolongation (OR 3.10, 95% CI 2.24–4.30), shock-associated TdP 
(OR 2.93, 95% CI 2.13–4.04), cardiac arrhythmias (OR 2.07, 95% CI 1.60–2.69), cardiac arrhythmia terms (including 
bradyarrhythmias and tachyarrhythmias) (OR 2.15, 95% CI 1.65–2.80), bradyarrhythmias (including conduction defects 
and disorders of sinus node function) (OR 2.56, 95% CI 1.86–3.54), and conduction defects (OR 2.56, 95% CI 1.86–3.54).
Conclusion  Our retrospective observational analysis suggested that the proportion of CVAE associated with HCQ, especially 
TdP and QT prolongation, was higher in patients with COVID-19. Understanding the effects of COVID-19 on the cardio-
vascular system is essential to providing comprehensive medical care to patients receiving HCQ treatment.
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Impact statements

•	 The data mining approach can be used to analyze drug-
associated adverse events based on real-world FAERS 
data.

•	 HCQ remains an old and safe drug. The results suggest 
that future studies on the mechanism of drug–disease 
interaction between HCQ and virus infection or the car-

diovascular effects of viruses such as COVID-19 are 
needed.

•	 The results suggest we should be more cautious when 
designing protocols for unknown infectious viral diseases 
when considering HCQ regimens.

Introduction

Hydroxychloroquine (HCQ) and chloroquine (CQ) are 
4-aminoquinoline antimalarial drugs. Since its approval, 
granted by the US Food and Drug Administration (FDA) 
in 1955, HCQ has become a commonly prescribed drug for 
treating malaria, rheumatoid arthritis, and systemic lupus 
erythematosus, with a better safety profile than CQ [1]. 
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Recently, several studies have examined HCQ and CQ as 
antiviral drugs in severe acute respiratory syndrome (SARS) 
and human immunodeficiency virus (HIV) infections [2, 3].

There were 524 million confirmed cases of coronavirus 
disease 2019 (COVID-19) caused by SARS coronavirus 2 
(SARS-CoV-2) on May 19, 2022, and 6 million died [4]. 
No specific treatments for COVID-19 were available at 
the beginning of the global pandemic. HCQ and CQ dem-
onstrated antiviral properties in an early in vitro study [5, 
6] and received the FDA emergency use authorization for 
COVID-19 in March 2020 [7, 8]. However, in light of ongo-
ing serious cardiac adverse events (CVAE) and other serious 
adverse effects, the known and potential benefits of HCQ no 
longer outweigh the known and potential risks for author-
ized use. Thus, the FDA revoked the emergency authoriza-
tion on June 20, 2020 [9–11]. HCQ was known to affect 
the cardiovascular system upon its approval [1]. Meanwhile, 
some drug safety surveillance reports mentioned that HCQ 
use was associated with a higher CVAE reporting rate [12, 
13]. HCQ was shown to significantly increase CVAEs by a 
modest adjusted odds ratio (OR) of 1.22 (95% confidence 
interval CI 1.18–1.25) [12]. However, few studies have 
assessed HCQ safety in COVID-19 patients over the past 
year [13–15].

As a classic antimalarial and antirheumatic drug, HCQ 
has been used relatively safely for nearly 67 years [1]. 
CVAEs caused by HCQ are important considerations in 
clinical practice, especially when HCQ is combined with 
other cardiotoxic drugs, such as remdesivir, lopinavir/rito-
navir, arbidol, or azithromycin. Routine ECG monitoring is 
recommended in such cases [7, 8]. It is critical to elucidate 
whether HCQ is less safe for COVID-19 patients, whether 
CVAEs are attributed only to HCQ, or if the incidences and 
severity degrees of CVAEs are potentially affected by the 
presence of SARS-CoV-2. The answers to these questions 
can be obtained by examining possible CVAEs associated 
with HCQ in patients with and without COVID-19 and the 
relative proportions of CVAEs in the two groups.

To date, a sufficient number of outcomes in COVID-19 
patients have been accumulated in real-world practice. The 
FDA Adverse Event Reporting System (FAERS) database 
is one of the largest open spontaneous reporting systems 
with many adverse events (AE) reports. It is an excellent 
source for post-marketing pharmacovigilance analysis [16]. 
FAERS reports can be quantitatively analyzed using data 
mining techniques to identify possible associations between 
drugs and AEs [16].

Aim

The study aimed to evaluate and characterize CVAEs asso-
ciated with HCQ in patients with or without COVID-19 

through an observational, retrospective pharmacovigilance 
analysis.

Ethics approval

The FAERS database contains anonymized patient informa-
tion. The Ethics Committee of the West China Hospital has 
confirmed that no ethical approval was required.

Method

Data source

A total of 68 quarterly datasets of the AE reports (January 
2004 to December 2020) were downloaded from FAERS 
[17]. Each quarterly data file consisted of the following 
seven tables: demographic and administrative information 
(DEMO), adverse events (REAC), drug and biological infor-
mation (DRUG), patient outcomes (OUTC), indications of 
drug administration (INDI), therapy start and end dates for 
reported drugs (THER), and report sources (RPSR). Both 
the AEs in the REAC table and the indications in the INDI 
table were coded by the Medical Dictionary for Regulatory 
Activities (MedDRA). All data were managed using Micro-
soft SQL Server 2017 software.

Duplicate DEMO records were removed. For reports with 
the same CASE number (CASEID), the most recent report 
date (FDA_DT) in the “DEMO” table was selected. For 
reports with the same CASE and FDA_DT values, the one 
with the highest ISR number (a unique number for identify-
ing an AE report) was selected.

Study design and inclusion/exclusion criteria

Identifying HCQ-related cases: different HCQ drug names 
were transformed into generic names using MedEx soft-
ware (MedEx UIMA 1.3.7, Vanderbilt University, USA) 
[18]. We then restricted the drug role to the primary sus-
pected drug in the DRUG table and linked it to the DEMO 
table by CASEID to obtain HCQ-related cases. To make 
the evaluation more accurate, we excluded patients with 
pre-existing cardiovascular diseases using the Standard-
ized MedDRA Queries (SMQ, version 23.1) narrow search, 
including 23 SMQ terms and 334 Preferred Terms (Sup-
plemental Table S1). Taking into account the risk of bias 
caused by different reporting trends and safety culture during 
the long period of 2004–2020 and the SARS-CoV-2 out-
break at the end of 2019, we excluded cases before 2020 
(identified by the reporting time). The remaining cases were 
analyzed in the present study. After identifying the HCQ 
case, we further divided HCQ cases into the COVID-19 and 
non-COVID-19 groups and investigated whether there were 
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differences in the characteristic parameters of CVAEs. We 
identified COVID-19 cases using an SMQ narrow search 
(SMQ coded 20000237) (Supplemental Table S1), including 
18 Preferred Terms.

The outcome indicator was whether CVAE was reported 
among HCQ-related cases. CVAE cases in both groups were 
also identified by an SMQ narrow search (Supplemental 
Table S1). Additionally, the time to event was further cal-
culated using the event date of the DEMO table and the start 
date of drug therapy. We excluded cases with a start date 
later than the event date. The prognosis analysis of included 
cases related to HCQ, such as death, life-threatening con-
dition, hospitalization, disability, and other serious events, 
was analyzed. Common concomitant drugs and the potential 
impact of combination therapy were analyzed.

Statistical analysis

We used OR and 95% CI values to compare the proportion 
of CVAEs in the COVID-19 and non-COVID-19 groups. 
Continuous variables were reported as mean ± standard 
deviation or median and compared using Student’s t-test 
or the Mann–Whitney U test. Categorical variables were 
compared using the χ2 test or Fisher’s exact test. We then 
performed a propensity score matching (PSM) analysis to 
balance variables between groups. The 1:1 PSM analysis 
was performed using the PSM model of SPSS software. It 
included variables available from FAERS such as patient 
sex, age group, country of occurrence, and type of reporter. 
These were sampled without replacement. Both exact and 
fuzzy matches were used for the optimal matching with a 
matching tolerance of 0.001 [19, 20]. The missing data were 
treated as an independent classification. The effects were 
considered statistically significant when P < 0.05. All statis-
tical analyses were performed using SPSS software (version 
25.0; IBM Corporation, Armonk, New York, USA).

Results

Case identification in FAERS

After filtering, 12,875,561 AE cases were retained. A total 
of 9885 HCQ-associated AE cases were obtained, and 299 
with pre-existing cardiovascular disease complications and 
6284 before 2020 were excluded. Finally, we identified 3302 
AE cases associated with HCQ, including 1824 cases with 
COVID-19 diagnosis (COVID-19 group) and 1478 cases 
without COVID-19 diagnosis (non-COVID-19 group), 
with 262 and 174 CVAE cases in each group, respectively 
(Fig. 1).

Analysis of HCQ AE case characteristics

The characteristics of the included HCQ AE cases are listed 
in Table 1. After PSM was performed by patient sex, age 
group, country of occurrence, and reporter type with 0.001 
tolerance, 1620 cases were collected.

CVAE analysis associated with HCQ

The HCQ-associated CVAEs were higher in the COVID-19 
group than in the non-COVID-19 group (OR 1.26, 95% CI 
1.02–1.54, P = 0.030). After PSM, the difference was not sig-
nificant (OR 1.21, 95% CI 0.92–1.58, P = 0.193) (Table 2). 
Then we performed further comparisons of HCQ-associated 
CVAEs based on each SMQ term (Supplemental Table S1). 
The ORs of six CVAEs, “Torsade de Pointes (TdP)/QT 
prolongation” (OR 3.10, 95% CI 2.24–4.30, P < 0.001), 
“TdP, shock-associated conditions” (OR 2.93, 95% CI 
2.13–4.04, P < 0.001), “Cardiac arrhythmias” (OR 2.07, 
95% CI 1.60–2.69, P < 0.001), and the next level of “Car-
diac arrhythmias,” “Cardiac arrhythmia terms (including 
bradyarrhythmias and tachyarrhythmias)” (OR 2.15, 95% 
CI 1.65–2.80, P < 0.001), “Bradyarrhythmias (including 
conduction defects and disorders of sinus node function)” 
(OR 2.56, 95% CI 1.86–3.54, P < 0.001), and “Conduction 
defects” (OR 2.56, 95% CI 1.86–3.54, P < 0.001) were sig-
nificantly higher within COVID-19 groups compared to non-
COVID-19 groups. However, the ORs of two CVAEs, “Car-
diac failure” (OR 0.27, 95% CI 0.14–0.55, P < 0.001), and 
“Cardiomyopathy” (OR 0.12, 95% CI 0.06–0.26, P < 0.001), 
were significantly lower within COVID-19 groups compared 
to non-COVID-19 groups. After PSM, the differences were 
still significant (Fig. 2). The detailed data are provided in 
Supplemental Table S2.

Time to onset of CVAE associated with HCQ

There were 638 HCQ-associated AE cases with sufficient 
time data for further analysis, including 505 in the non-
COVID-19 group (20 CVAE cases) and 133 in the COVID-
19 group (9 CVAE cases). The mean time to the occurrence 
of CVAE in the non-COVID-19 group was 1.49 ± 2.37 years. 
For the nine CVAE cases in the COVID-19 group, the time 
interval analysis showed that all CVAEs occurred on the 
day of HCQ administration, including shock-associated 
TdP in seven cases, one heart failure, and one conduction 
dysfunction.

AE prognosis analysis

The prognoses of HCQ-associated AEs in patients with and 
without COVID-19 were analyzed in 2974 cases (Table 3). 
Compared to the non-COVID-19 group, the COVID-19 
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group had a significantly lower proportion of CVAE death 
cases (OR 0.41, 95% CI 0.22–0.78, P = 0.008). However, 
the proportion of other severe outcomes of AE was not sig-
nificantly different between the groups (OR 1.16, 95% CI 
0.89–1.41, P = 0.379).

Concomitant drugs

The number of co-administered drugs was significantly dif-
ferent between the two groups: 3.94 ± 3.46 in the COVID-
19 group and 6.67 ± 8.39 in the non-COVID-19 group 
(P < 0.05). The top five concomitant drugs in the non-
COVID-19 group were glucocorticoids (764, 51.69%), 
methotrexate (568, 38.43%), leflunomide (326, 22.06%), 
adalimumab (249, 16.85%), and etanercept (240, 16.24%). 
In contrast, the top five concomitant drugs were azithromy-
cin (782, 42.87%), glucocorticoids (491, 26.92%), lopinavir 
and ritonavir (488, 26.75%), tocilizumab (366, 20.07%), and 
ceftriaxone (319, 17.49%) in the COVID-19 group (Sup-
plemental Table S3).

In addition, we analyzed and compared the effect of com-
bination therapy on CVAE in both groups (Supplemental 

Table S4). For cases in which HCQ was co-administered 
with azithromycin (the most common co-prescribed drug 
in patients with COVID-19), the proportion of CVAE was 
significantly lower in the COVID-19 group compared to that 
in the non-COVID-19 group (OR 0.34, 95% CI 0.18–0.63, 
P = 0.001).

Discussion

Our study provides new evidence for the differences in the 
distribution of HCQ-associated CVAEs between COVID 
and non-COVID patients by investigating the character-
istics of spontaneous AE reports in the FAERS database. 
We discovered significant differences in sex, age group, 
country of occurrence, and reporter occupation, between 
patients with and without COVID-19, which were con-
sistent with the epidemiological characteristics of the 
diseases. The use of HCQ as an anti-rheumatic drug has 
been associated with AEs more frequently in females 
than in males, which aligns with the characteristics of 
rheumatic diseases. However, in our analysis, more male 

Fig. 1   Flow chart of HCQ-asso-
ciated CVAE case identification 
in the FAERS database. DRUG​ 
drug and biological information, 
DEMO patient demographic 
and administrative informa-
tion, HCQ hydroxychloroquine, 
CVAE cardiovascular adverse 
event, PS primary suspect
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patients (51.75%) were infected with COVID-19. The gen-
der distribution of reports was consistent with the epide-
miological characteristics of COVID-19 [21]. Therefore, 
more men might be prone to receiving HCQ treatment 

for COVID-19 and report HCQ-related AEs. As an open, 
spontaneous reporting system, non-healthcare profession-
als accounted for a large proportion of reporters in FAERS 
[22]. We found that more healthcare providers reported 

Table 1   Characteristics of 
HCQ-associated adverse event 
cases reported in the FAERS 
database before and after 
propensity score matching

FAERS FDA Adverse Event Reporting System, HCQ hydroxychloroquine, PSM propensity score matching

Characteristics Total, n (%) COVID-19
n (%)

Non-COVID-19
n (%)

P value

Total
 Pre-PSM 3302 1824 1478
 After-PSM 1620 810 810

Sex
 Pre-PSM < 0.0001
  Female 1087 (32.92) 517 (28.34) 570 (38.57)
  Male 1072 (32.46) 944 (51.75) 128 (8.66)
  Unknown 1143 (34.62) 363 (19.91) 780 (52.77)

 After-PSM 0.975
  Female 719 (44.38) 358 (44.20) 361 (44.57)
  Male 239 (14.75) 121 (14.94) 118 (14.57)
  Unknown 662 (40.86) 331 (40.86) 331 (40.86)

Age, years
 Pre-PSM < 0.0001
  < 17 95 (2.88) 59 (3.24) 36 (2.44)
  18–44 451 (13.66) 268 (14.69) 183 (12.38)
  45–64 773 (23.41) 537 (29.44) 236 (15.97)
  65–74 428 (12.96) 341 (18.70) 87 (5.87)
  > 75 258 (7.81) 226 (12.39) 32 (2.17)
  Unknown 1297 (39.28) 393 (21.55) 904 (61.16)

 After-PSM 0.991
  < 17 50 (3.09) 27 (3.33) 23 (2.84)
  18–44 260 (16.05) 132 (16.30) 128 (15.80)
  45–64 355 (21.91) 174 (21.48) 181 (22.35)
  65–74 143 (8.83) 71 (8.77) 72 (8.89)
  > 75 62 (3.83) 31 (3.83) 31 (3.83)
  Unknown 750 (46.30) 375 (46.30) 375 (46.30)

Country of occurrence
 Pre-PSM < 0.0001
  United States 1325 (40.13) 642 (35.20) 536 (52.76)
  Other countries 1977 (59.87) 1182 (64.80) 478 (47.05)

 After-PSM 0.879
  United States 655 (40.43) 329 (40.62) 326 (40.25)
  Other countries 965 (59.57) 481 (59.38) 484 (59.75)

Reporter’s occupation
 Pre-PSM < 0.0001
  Health professional 2293 (69.44) 1456 (79.83) 837 (56.63)
  Non-health professional 821 (24.86) 201 (11.02) 620 (41.95)
  Unknown 188 (5.69) 167 (9.16) 21 (1.42)

 After-PSM 0.856
  Health professional 1179 (72.78) 593 (73.21) 586 (72.35)
  Non-health professional 402 (24.82) 199 (24.57) 203 (25.06)
  Unknown 39 (2.41) 18 (2.22) 21 (2.59)
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HCQ-related AEs after the COVID-19 pandemic, which 
increased the credibility of these reports.

We found that CVAE associated with HCQ was slightly 
higher in COVID-19 patients (OR 1.26, P = 0.030). Accord-
ing to the subgroup analysis, the COVID-19 group had sig-
nificantly higher risks of TdP and QT prolongation associ-
ated with HCQ treatment than the non-COVID-19 group 
(OR 3.10, P < 0.001). The current real-world data mining 
results were consistent with our hypothesis that COVID-19 
might play a critical role in CVAEs associated with HCQ. 
In other words, some pathological processes triggered by 
COVID-19 could exacerbate the reaction to HCQ or HCQ-
containing regimens in patients with COVID-19 [23]. For 
example, other drugs extending the QT interval are often 
prescribed with HCQ [24].

On the contrary, the proportions of “Cardiac failure” and 
“Cardiomyopathy” associated with HCQ treatment were 
significantly lower in the COVID-19 group than in the non-
COVID-19 group. This observation is different from other 
studies [23, 25, 26]. Our findings indicate that when HCQ 
is used in patients with COVID-19, the adverse events of 
heart failure or cardiomyopathy may be less concern. Of 
course, our results might be limited by the number of cases 
analyzed.

Although the time data were limited in the present 
study, among the nine CVAE cases with time data in the 
COVID-19 group, seven suffered shock-associated TdP. 
In these seven TdP cases, four patients received HCQ and 
azithromycin combination therapies. Regarding the onset, all 
instances of CVAEs in the non-COVID-19 group occurred 
years after HCQ administration. On the contrary, CVAEs 
happened on the day of HCQ treatment in the COVID-19 
group. The difference could be attributed to the fact that 
medical professionals paid particular attention to the safety 
of HCQ and carefully observed patients during the treatment 
of COVID-19.

The prognosis analysis showed that the proportion of 
CVAE death cases in the COVID-19 group was significantly 
lower than in the non-COVID-19 group, OR 0.41. However, 
this does not necessarily imply a better prognosis of CVAE 
associated with HCQ in the COVID-19 group. Many factors 
could influence the outcome, including timely management 

by healthcare professionals. The higher prevalence of health-
care professionals among those who reported CVAEs in the 
COVID-19 group corroborates this notion. Of course, we 
cannot rule out that the prognosis for CVAE in COVID-
19 patients might be better, and further evaluation may be 
necessary.

The risk of AE was approximately 1.20–4.08 fold higher 
in HCQ-treated patients than in the control group (without 
HCQ regimen) [27–29]. One systematic review and meta-
analysis found that the mortality difference was not signifi-
cant, neither in the HCQ treatment group (relative risk RR 
0.86, 95% CI 0.71–1.03) nor in the HCQ plus azithromycin 
treatment group (RR 1.28, 95% CI 0.76–2.14) in comparison 
to controls [27]. In our study, we found that the distribution 
of concomitant drugs was consistent with the indications 
for which HCQ was approved and the recommendations 
of treatment guidelines for the respective diseases from 
the FDA, the World Health Organization, and the China 
National Health Commission [7, 8]. We found a significant 
increase in azithromycin use among COVID-19 patients who 
reported AEs. The drug combinations could lead to poten-
tial drug-drug interactions and the outbreak of reports about 
the unsafe use of HCQ [14, 24, 30, 31]. Interestingly, we 
found that the proportion of CVAEs developed after combin-
ing azithromycin and HCQ in the COVID group was lower 
than in the non-COVID group (OR 0.34, P = 0.001). The 
results could mean that when HCQ and azithromycin were 
co-administered in COVID-19 patients, we should probably 
be more concerned about non-CVAEs rather than CVAEs.

Our pharmacovigilance study has several limitations. 
First, our data source was from the spontaneous reporting 
system, a voluntary reporting platform open to the public. 
The incompleteness of the data, underreporting, overre-
porting, and missing information are inevitable [32]. Our 
results could be biased by unmeasured confounding factors. 
Although PSM was performed, identifying and adjusting all 
risk factors could not be fully achieved. Furthermore, the 
temporality of events, i.e., exposure to HCQ and infection to 
SARS-Cov-2, was unclear in the cases analyzed. Therefore, 
our study does not provide sufficient evidence on the cau-
sality and merely suggests the necessity for well-organized 
clinical studies concerning the associations observed. More 

Table 2   Comparison of HCQ-
associated CVAEs in patients 
with and without COVID-19

AE adverse vent, CI confidence interval, CVAE cardiovascular adverse event, HCQ hydroxychloroquine, 
OR odds ratio, PSM propensity score matching

AEs COVID-19, n Non-
COVID-19, n

OR (95% CI) χ2 test P value

Pre-PSM CVAEs 262 174 1.26 (1.02–1.54) 4.78 0.030
Non-CVAEs 1562 1304

After-PSM CVAEs 136 116 1.21 (0.92–1.58) 1.88 0.193
Non-CVAEs 674 694
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research is needed to understand the epidemiological and 
pathophysiological basis of the interactions between CVAE 
and COVID-19, which might affect the link between CVAEs 
and HCQ use.

Conclusion

Understanding the impact of COVID-19 on the cardiovascu-
lar system is essential to providing comprehensive medical 

Fig. 2   Comparison of HCQ-associated CVAEs in detail in patients 
with or without COVID-19 based on SMQ narrow search. CVAE 
cardiovascular adverse event, OR odds ratio, CI confidence inter-
val, PSM propensity score matching, TdP/QTp Torsade de Pointes/
QT prolongation, TdPs shock-associated Torsade de Pointes, CA 
cardiac arrhythmia, CA_B/T Cardiac arrhythmia terms (including 
bradyarrhythmias and tachyarrhythmias), CA_B/T_B bradyarrhyth-
mias (including conduction defects and disorders of sinus node func-
tion), CA_B/T_B_C conduction defects, CA_B/T_T tachyarrhythmias 

(including supraventricular and ventricular tachyarrhythmias), CA_B/
T_T_S supraventricular tachyarrhythmias, CA_B/T_T_V ventricular 
tachyarrhythmias, CA_B/T_T_N nonspecific tachyarrhythmia terms, 
CA_B/T_N nonspecific cardiac arrhythmia terms, CA_CN congenital 
and neonatal arrhythmias, CSs shock-associated circulatory or cardiac 
conditions (excluding torsade de pointes), IHD ischaemic heart dis-
ease, IHD_MI myocardial infarction, IHD_O other ischaemic heart 
disease, HBP Hypertension, CF cardiac failure, CMP cardiomyopathy
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care to patients receiving HCQ treatment. We found that the 
proportion of CVAE (especially TdP and QT prolongation) 
associated with HCQ in COVID-19 patients was higher than 
in non-COVID patients. The proportions and characteristics 
of CVAE in COVID patients could not be explained solely 
by adverse drug effects but were likely influenced by the 
COVID-19 pathology. Although HCQ is no longer used to 
treat COVID-19, many HCQ-related studies are ongoing. 
Our study suggests that we should be more cautious when 
designing protocols for unknown infectious viral diseases 
when considering HCQ regimens. Future studies on the 
mechanism of drug–disease interaction between HCQ and 
virus infection or the cardiovascular effects of viruses such 
as COVID-19 are needed.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s11096-​022-​01457-w.
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