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Abstract
Introduction  In late 2019, a new coronavirus—severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)—was 
discovered in Wuhan, China, and the World Health Organization later declared coronavirus disease 2019 (COVID-19) a 
pandemic. Numerous drugs have been repurposed and investigated for therapeutic effectiveness in the disease, including 
those from “Solidarity,” an international clinical trial (azithromycin, chloroquine, hydroxychloroquine, the fixed combination 
lopinavir/ritonavir, and remdesivir).
Objective  Our objective was to evaluate adverse drug reaction (ADR) reporting for drugs when used in the treatment of 
COVID-19 compared with use for other indications, specifically focussing on sex differences.
Method  We extracted reports on COVID-19-specific treatments from the global ADR database, VigiBase, using an algorithm 
developed to identify reports that listed COVID-19 as the indication. The Solidarity trial drugs were included, as were any 
drugs reported ≥ 100 times. We performed a descriptive comparison of reports for the same drugs used in non-COVID-19 
indications. The data lock point date was 7 June 2020.
Results  In total, 2573 reports were identified for drugs used in the treatment of COVID-19. In order of frequency, the most 
reported ADRs were electrocardiogram QT-prolonged, diarrhoea, nausea, hepatitis, and vomiting in males and diarrhoea, 
electrocardiogram QT-prolonged, nausea, vomiting, and upper abdominal pain in females. Other hepatic and kidney-related 
events were included in the top ten ADRs in males, whereas no hepatic or renal terms were reported for females. COVID-
19-related reporting patterns differed from non-pandemic reporting for these drugs.
Conclusion  Review of a global database of suspected ADR reports revealed sex differences in the reporting patterns for 
drugs used in the treatment of COVID-19. Patterns of ADR sex differences need further elucidation.

Key Points 

Sex differences in the reporting of adverse drug reactions 
(ADRs) for COVID-19-related drugs were observed in a 
global ADR database.

More reports were received for males, which is consist-
ent with their greater risk for COVID-19.

The top reported ADRs for the same drugs also differ by 
sex.

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s4026​4-020-01000​-8) contains 
supplementary material, which is available to authorized users.
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1  Introduction

In December 2019, a novel β-coronavirus, severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), was 
discovered in Wuhan, China, and soon spread worldwide 
[1]. By 11 March 2020, the World Health Organization 
(WHO) declared coronavirus disease 2019 (COVID-19) a 
pandemic and a public health emergency of international 
concern [2]. As of 16 June, > 8 million people were con-
firmed infected and > 400,000 had died globally [3]. As 

there were initially no authorized treatments for COVID-
19, any drug used in the treatment of the disease could 
be considered off-label use. Numerous drugs are being 
repurposed and investigated for therapeutic efficacy. A 
notable effort launched by the WHO is the international 
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“Solidarity” trial, which is evaluating the efficacy of 
azithromycin, chloroquine, hydroxychloroquine, the 
fixed-combination lopinavir/ritonavir, and remdesivir in 
COVID-19 compared with standard of care. As of 3 June 
2020, more than 3500 patients from 400 hospitals in 35 
countries had been recruited into the trial [4]. The initial 
protocol included both hydroxychloroquine and chloro-
quine; however, the WHO announced on 25 May 2020 
that the trial had only pursued hydroxychloroquine and 
on 6 July 2020 that the hydroxychloroquine and lopinavir/
ritonavir arms were being discontinued [4].

The impact of patient sex on COVID-19 outcomes has 
previously been described [5–7]. An early study investigated 
the influence of patient sex on morbidity and mortality in 
both COVID-19 and the earlier severe acute respiratory syn-
drome (SARS-CoV-1) epidemic in 2002 [6, 8]. The authors 
concluded that men and women had a similar incidence of 
the diseases, but that men with COVID-19 or SARS-CoV-1 
infection were at higher risk of worse outcomes and death, 
independent of age [6]. A review of 48 articles representing 
multiple countries and databases confirmed this finding [7], 
reporting that males accounted for 55–62% of hospitalized 
patients. The sex imbalance was even more pronounced for 
admissions to intensive care units (ICUs), with a male propor-
tion of 65–74%. Throughout Europe, 73% of admissions to 
ICUs were men. Deaths were more common among men than 
among women in all countries except India and Pakistan [7].

During the initial part of the pandemic, the > 130 coun-
tries within the WHO Programme for International Drug 
Monitoring (PIDM) began reporting side effects from 
drugs used to treat COVID-19 into VigiBase, the WHO 
global database for individual case safety reports. The 
database contains nearly 23 million reports of suspected 
adverse drug reactions (ADRs), including reports via the 
US FDA and EU-wide ADR collecting systems. Meth-
ods to monitor and communicate reviews of the COVID-
19 reporting were rapidly developed within the Uppsala 
Monitoring Centre, which harbours the database.

When studying sex-related differences related to drug 
treatment in COVID-19, spontaneous reports of suspected 
ADRs may complement other data sources, and our study 
used data retrieved for general monitoring. The vast major-
ity of the reports contain data on age and sex. In VigiBase, 
reporting rates are higher for women than for men, whereas 
men have a higher proportion of serious and fatal reports [9].

2 � Aim

Our aim was to evaluate ADR reporting for drugs used in 
the treatment of COVID-19 compared with when the same 
drugs were used in illnesses other than COVID-19, focus-
sing specifically on sex differences.

3 � Methods

Reports on COVID-19-specific treatments were extracted 
using an algorithm that had been iteratively developed and 
manually validated by in-house pharmacovigilance profes-
sionals during the initial pandemic phase. The algorithm was 
primarily created to periodically monitor global reporting 
patterns of ADRs associated with COVID-19 treatments in 
general and to share this data with the WHO network. The 
algorithm scans the indication, free text fields, and labora-
tory test results of reports in VigiBase up until 7 June 2020 
(see Fig. 1 for full flow chart). Drugs from the Solidarity 
trial were included, as well as the originally announced 
chloroquine arm and any other drug reported at least 100 
times as captured by the algorithm; two drugs, tocilizumab 
and oseltamivir, fulfilled the latter criteria. We rejected all 
reports where drugs had been taken as prophylaxis or for 
which the narrative described negative polymerase chain 
reaction testing. The extracted data were divided into sub-
sets based on sex: male, female, and unknown (the latter 
grouping included ‘not known’, ‘not applicable’, and missing 
values). All reports (serious and non-serious as per Interna-
tional Conference on Harmonisation of Technical Require-
ments for Registration of Pharmaceuticals for Human Use 
guidance) in which the drugs were reported as ‘suspected’ 
or ‘interacting’ were included [10]. For the background 
comparison, the same seven drugs when used outside the 
context of COVID-19, until 7 June 2020, were included. For 
remdesivir, only-COVID-19 reports were identified because 
it was not licensed for use before the pandemic occurred. 
One remdesivir report that lacked sufficient data to classify 
it as used for COVID-19 or not was included in the back-
ground. We used Medical Dictionary for Regulatory Activi-
ties (MedDRA®) preferred terms (PTs) for the analysis of 
reported ADRs [11]. Data for this study were analysed using 
descriptive statistics. Individual case assessments were not 
performed for this study.

4 � Results

A total of 2573 reports were identified with an indication of 
COVID-19; 93% of these reports included one or more of the 
drugs hydroxychloroquine, chloroquine, lopinavir/ritonavir, 
azithromycin, or remdesivir. In total, 39% were for women 
(1003 reports), 55% were for men (1426 reports), and 6% 
(144) did not report the biological sex. The reports origi-
nated from Europe (63%), Eastern Mediterranean (16%), 
the Americas (12%), Western Pacific (6%), South-East Asia 
(2%), and Africa (< 1%). In total, 58 and 44% of reports 
for males and females, respectively, were classified as seri-
ous. Hydroxychloroquine, azithromycin, lopinavir/ritonavir, 
remdesivir, and tocilizumab were all reported more often in 
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men in the COVID-19 subset (P = 0.0005 for azithromycin, 
P < 0.0001 for the rest, against the null hypothesis that both 
sexes were reported at the same rate). Only lopinavir/rito-
navir exhibited this male predominance otherwise in Vig-
iBase (P < 0.0001 for all, remdesivir excluded because no 
cases existed). In contrast, for chloroquine, the proportion 
of reports was 54% (190 reports) for females versus 42% 
(147 reports) for males (P = 0.0012), similar to the report-
ing pattern in the rest of VigiBase (58 vs. 39%; P < 0.0001). 
Reports relating to oseltamivir were almost equally distrib-
uted between the sexes (51% [n = 66] male vs. 49% [n = 63] 
female), whereas the female proportion was higher (52 vs. 
40%; P < 0.0001) in the rest of VigiBase. See Fig. 2 for a 
comparison of the datasets. The most commonly reported 

drugs were hydroxychloroquine (864 reports), azithromycin 
(478), and lopinavir/ritonavir (309) in males and hydroxy-
chloroquine (612), azithromycin (404), and lopinavir/rito-
navir (160) in females.

Chloroquine was the only drug for which more reports 
concerned females, with 28 and 42% of the reports classi-
fied as serious for females and males, respectively. In those 
aged 65–74 years, 19% of chloroquine reports concerned 
males and 11% concerned females. One country contrib-
uted 71% of the female reports and 45% of the male reports. 
Azithromycin was co-reported as suspected or interacting 
in 74 and 51% of the female and male chloroquine reports, 
respectively.

Fig. 1   Flow chart of the scanning algorithm used to create the data-
set for the study. All parts above the line were developed iteratively 
approximately every or every other week, from April 2020, with 
every iteration adding a batch of reports to the dataset. The filters 
were adjusted along the way according to (1) needs seen when manu-
ally reviewing reports, (2) needs emerging from a growing dataset, 

(3) new MedDRA® versions released. The figure represents the algo-
rithm at the point of data lockdown, with major adjustments marked. 
ELISA enzyme-linked immunosorbent assay, LLT Low Level Term, 
MedDRA Medical Dictionary for Regulatory Activities, PCR poly-
merase chain reaction, POC Point of Care, PT preferred term
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5 � Adverse Drug Reaction Profiles 
in COVID‑19 and Non‑COVID‑19 Use

The most commonly reported ADRs with treatments for 
COVID-19, in order of frequency, were electrocardiogram 
QT-prolonged, diarrhoea, nausea, hepatitis, and vomiting 
in males and diarrhoea, electrocardiogram QT-prolonged, 
nausea, vomiting, and upper abdominal pain in females 
(Fig. 3). The top ADR reporting spectrum for drugs used 
for COVID-19 differed from that for the same drugs used 
for other indications, with only gastrointestinal reactions 
remaining the same. The ten most reported terms in COVID-
19-related use in males but not females were hepatitis, other 
hepatic enzyme aberrations, and renal injury (Table 1 in 
the electronic supplementary material [ESM]). These were 
mostly related to the use of hydroxychloroquine and, to a 
lesser extent, the use of lopinavir/ritonavir and remdesivir. 
Conversely, psycho-neurological terms such as insomnia, 
headache, vertigo, and blurred vision were in the top ten 
reports for females. No cardiac, hepatic, or renal terms were 
included in the ten most reported ADRs when the same 
drugs were used for other indications.

Sex distribution differed most between COVID-19-related 
and other indications in reports regarding the use of chlo-
roquine. The most commonly reported ADRs were similar 
for women and men except for the term electrocardiogram 
QT-prolonged, which was reported in 31% of male reports 
and only 19% of female reports (P = 0.013).

6 � Discussion

The male predominance in COVID-19 ADR reporting is 
consistent with observations of a greater risk of COVID-
19 in males than in females. However, the male predomi-
nance in reporting deviates from the overall reporting into 
VigiBase. For chloroquine and oseltamivir, in which male 
COVID-19-related reporting was less dominant, the find-
ing appeared to be driven mainly by reporting from two 
countries. Interestingly, the reaction electrocardiogram 
QT-prolonged was more commonly reported for men than 
for women, despite this event being known to be twice as 
common in women than in men [12, 13]. The observation 
that acute hepatitis, different hepatic enzyme aberrations, 
and renal injury were among the most common events in 
male COVID-19 reporting than in both female COVID-19 
reporting and non-COVID-19 reporting may be related to 
the symptoms and severity of the underlying disease and 
the sex differences in treatment reactions. The global pub-
lic attention and the potential for cardiac side effects with 
hydroxychloroquine and chloroquine may have influenced 
this reporting pattern for electrocardiogram QT-prolonged 
[14].The extent of rational or irrational differences in 
COVID-19-related drug use between the sexes and subse-
quent suspected ADR patterns cannot yet be fully deter-
mined from existing data. It is possible that factors other 
than sex influence ADR patterns, given the other known 
risk factors (such as age and obesity) for COVID-19 that 

Fig. 2   Proportions of VigiBase reporting by sex for drugs included in the study. Bars to the left show the COVID-19 subset of VigiBase; bars to 
the right show the same drugs used for other indications. The legend shows the number of reports for each drug and subset
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can also influence the occurrence of ADRs. Other contrib-
uting factors could potentially be found in the immense 
information flow, e.g. on theoretically suitable treatments, 
both from scientific sources and from the lay media, pre-
sent since the pandemic began. This study shows that ADR 
databases such as VigiBase provide rich opportunities for 
research on aspects of reported side effects beyond the 
classic causality investigations for which the data for this 
study were originally gathered. Limitations of VigiBase 
data, as for all spontaneous data, include underreport-
ing, variability in the nature and completeness of reports 
between different countries of origin, lack of denominator 
data of drug use, and the fact that the reports only describe 
suspicions of causality rather than proven associations. We 
acknowledge the risk of misclassification bias given the 
possibility of incomplete reporting on indication; however, 
COVID-19 reports can potentially be identified by other 
means, such as co-reported medications.

Fig. 3   Top five reported adverse drug reactions (MedDRA® preferred 
terms), with number of reported instances, for the included drugs 
used in treating COVID-19 (left) vs. for the same drugs used in other 
indications (right), separated by sex. Reports with unknown sex and 
the MedDRA® preferred terms off-label use, intentional product use 

issue, and drug ineffective are excluded. The size of the box repre-
sents the proportions within the COVID-19 and VigiBase datasets, 
respectively. Reports may contain more than one reported preferred 
term. The legend shows the number of reports for each subset

7 � Conclusion

Our review of a global spontaneous database of suspected 
ADR reports revealed sex differences in the reporting pat-
terns for drugs used in the treatment of COVID-19. The 
increased risk for males of severe COVID-19 disease is 
reflected in a male predominance of ADR reports in drugs 
used in the COVID-19 indication. Notably, some hepatic and 
renal reactions and QT prolongation were more commonly 
observed in male reports. Further explorations of sex differ-
ences in reporting patterns and additional in-depth analyses 
are warranted as reporting continues during the pandemic.
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