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Abstract
Hydroxychloroquine (HCQ) has been implicated in antiviral activity in vitro against severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2). However, there is still controversy about whether HCQ should be used for coronavirus disease 2019
(COVID-19) patients due to the conflicting results in different clinical trials. To systematically assess the benefits and harms of
HCQ for the treatment of COVID-19. Data sources were systematically searched from Pubmed, Biorxiv, ChiCTR, Clinicalrials.
gov, and the Cochrane library of RCTs for studies published from inception to June 1, 2020, to obtain any possible inclusion.
This meta-analysis of inclusion criteria was directed on the basis of the Preferred Reporting Items for Systematic Review and
Meta-analysis Protocols (PRISMA-P). Pooled studies by the title and abstract were screened and removed in the light of meta-
analysis by two reviewers. Seven studies involving 851 participants with COVID-19 were eligible for analysis. There was no
significant difference in RT-PCR negative conversion between HCQ group and standard treatment (ST) group (RR = 1.11, 95%
CI = 0.77–1.59, P = 0.591). The rate of exacerbated pneumonia on chest CT in HCQ group was lower than that in ST group (RR
= 0.44, 95% CI = 0.20–0.94, P = 0.035). There was no statistical difference in progressed illness between the HCQ group and the
ST group (RR = 0.66, 95% CI = 0.18–2.43, P = 0.530). Death (RR = 1.92, 95% CI = 1.26–2.93, P = 0.003) was distinctly
different in HCQ group compared with ST group in the treatment of COVID-19. Our meta-analysis demonstrated that there was
no robust evidence to support prescribing HCQ as a treatment for COVID-19.

Keywords Hydroxychloroquine . COVID-19 .Meta-analysis

Introduction

Since December 2019, an outbreak of pneumonia caused by
SARS-CoV-2 in Wuhan has spread rapidly throughout China
and even around the world. On February 11, 2020, the disease
caused by SARS-CoV-2 was officially named as coronavirus
disease (COVID-19) by the WHO. In the past few months,
there have been more than 7 million confirmed cases and 406
thousand deaths all over the world, posing unprecedented
challenges to healthcare systems and amounting to a huge

economic burden worldwide. However, there are no vaccines
or specific antivirals available for SARS-CoV-2 infection.

Hydroxychloroquine (HCQ), employed initially for the
treatment of malaria, has rapidly gained worldwide attention
for its in vitro antiviral effect on SARS-CoV-2 (Liu et al.
2020), and its efficacy may be attributed to different mecha-
nisms. HCQ was reported to reduce glycosylation of
angiotensin-converting enzyme (ACE) II receptors and thus
interfering with the binding of SARS-CoV-2 to the ACE2
receptor (Liu et al. 2020). Moreover, HCQ is weakly alkaline
and increases pH of endosomes and lysosomes, leading to
defects in protein degradation, endocytosis, and exocytosis,
which are necessary for viral infection, replication, and prop-
agation (Al-Bari 2015). The immunomodulatory and anti-
inflammatory effects of HCQ can enhance its antiviral activ-
ity. HCQ can inhibit antigen processing and presentation to T
cells, which reduces T cell activation and differentiation and
expression of inflammatory cytokine (Zhou et al. 2020).
Furthermore, new research has proposed that HCQ may pre-
vent SARS-CoV-2 infection by inhibiting its binding with
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ganglioside (Fantini et al. 2020). Based on evidence from
in vitro experiments on the suppression of activity of SARS-
CoV-2, the US Food and Drug Administration (FDA) issued
an Emergency Use Authorization (EUA) for emergency use of
oral formulations of chloroquine phosphate (CQ) and HCQ
for the treatment of COVID-19 on March 29, 2020.

Recently, there was still conflict on the efficacy and
safety of HCQ for the treatment of COVID-19. Chen
et al. evaluated the efficacy of HCQ in the treatment
of 62 patients diagnosed with COVID-19. All partici-
pants were randomly divided into two groups, and
HCQ group was assigned to receive an additional 5-
day HCQ (400 mg/day) treatment. Compared with con-
trol group, the body temperature recovery time and the
cough remission time of the HCQ group were signifi-
cantly shortened, and more patients had improved pneu-
monia (80.6% vs. 54.8%) (Chen et al. 2020). Moreover,
an uncontrolled non-comparative observational study
demonstrated that COVID-19 patients treated with a
combination of HCQ and azithromycin (AZ) had a sig-
nificantly rapid fall of nasopharyngeal viral load, and
more patients rapidly discharged from ICU with a mean
stay for 5 days (Gautret et al. 2020b). However, emerg-
ing data and published literature have raised new ques-
tions on whether HCQ’s benefits outweigh the risks.
Geleris et al. (Geleris et al. 2020) conducted an obser-
vational trial which found that HCQ made no difference
to intubat ion or death of COVID-19 pat ients .
Subsequently, the biggest multinational registry analysis
of 96,032 patients with COVID-19 described that the
use of HCQ is independently associated with decreased
in-hospital survival and increased risk of ventricular ar-
rhythmia (Mehra et al. 2020b). Unfortunately, this reg-
istry analysis based on the Surgisphere data has been
retracted, because the integrity and reliability of the
Surgisphere database cannot be guaranteed (Mehra
et al. 2020c). Therefore, we performed the present
meta-analysis to evaluate the efficacy and safety of
HCQ in the treatment of COVID-19 patients.

Methods

Search strategy and study selection

Two reviewers performed a systematic search in Pubmed,
Biorxiv, ChiCTR, Clinicalrials.gov, and the Cochrane
library of RCTs. The following keywords were searched in
combination, i.e., “COVID-19” or “novel coronavirus
pneumonia,” “hydroxychloroquine” or “HCQ.” The articles
published date from inception to June 1, 2020, to obtain any
possible inclusion. Studies in any language were selected. A
total of 506 studies were identified.

Study inclusion and exclusion criteria

This meta-analysis of inclusion criteria was directed on the
basis of the Preferred Reporting Items for Systematic
Review and Meta-analysis Protocols (PRISMA-P). Pooled
studies by the title and abstract were screened and removed
in the light of meta-analysis by two reviewers. Afterwards, the
rest of the articles were removed by browsing their full text
according to the following inclusion criteria and exclusion
criteria: (a) the subjects were diagnosed as COVID-19 by
RT-PCR testing; (b) the study type included random con-
trolled trial or observational study; (c) the subjects were treat-
ed at least by standard treatment (ST group) and
hydroxychloroquine plus standard treatment (HCQ group);
(d) endpoints included RT-PCR negative conversion, exacer-
bated pneumonia on chest CT, progressed illness, and death.
The outcome of “exacerbated pneumonia on chest CT” re-
ferred to a change of lung lesion enlargement on chest radiol-
ogy. The outcome of “progressed illness” was meant to a
disease progression to a worse stage, like mild to moderate
or moderate to severe. Exclusion criteria were as follows: (a)
systematic review and meta-analysis; (b) letter to the editor or
animal experiment; (c) incomplete data.

Data extraction and methodological quality
assessment

We initially viewed the title and abstract of the articles, and
then read the full text if the article was relevant. Articles were
included in this analysis if they met the above criteria. The
standard EXCEL forms were used to extract relevant data
including study, year, country, language, sample size, treat-
ment, and outcomes of HCQ group and ST group respectively
by two reviewers. The quality of included studies was inde-
pendently appraised by two reviewers, with disagreements
resolved by consensus. RCTs were evaluated by the
Cochrane Evaluation Manual’s bias risk assessment tool,
and the bias risk assessment of observational studies was con-
ducted using the NOS scales.

Statistical analysis

The analyses were carried out according to recommendations
from the Cochrane Collaboration using Stata SE. The main
statistical process included heterogeneity test, meta-analysis,
funnel plot analysis, and Egger test. Heterogeneity among
studies was evaluated according to I2. If I2 < 50%, a fixed
effects model with Mantel-Haenszel (M-H) method was uti-
lized to calculate RR and 95% CI. If I2 > 50%, a random
effects model with Der Simonian-Laired (D + L) method
was used. Potential publication biases were explored using
visual inspection of Egger’s weighted regression test if the
quantity of articles available was more than ten.
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Results

Search results and study characteristics

The total of 506 papers were identified by online search.
According to the title, abstract, and full text, 7 studies, 3
RCTs, 2 POSs, and 2 retrospective studies evaluating differ-
ences in between HCQ group versus ST group were included
(Fig. 1). Eight hundred fifty-one patients were included in this
meta-analysis (441 in the HCQ group vs. 410 in the ST
group). Five of the 7 studies were published in English, one
in Chinese and one in French. The sample size and the out-
comes of studies are presented in Table 1.

The outcomes of RT-PCR negative conversion and
exacerbated pneumonia on chest CT

Three of 7 studies reported the outcome of RT-PCR negative
conversion between HCQ group and ST group, and heteroge-
neity is extremely high (I2 = 72.1%, P = 0.028), which use
random effect model. In brief, RT-PCR negative conversion
was not significantly different in HCQ group compared with
ST group in treatment of COVID-19 (RR = 1.11, 95% CI =
0.77–1.59, P = 0.591). Two papers reported the outcome of
exacerbated pneumonia on chest CT and heterogeneity is ex-
tremely high (I2 = 49.7%, P = 0.159), which use fixed effect
model. The rate of exacerbated pneumonia on chest CT in
HCQ group was lower than that in ST group (RR = 0.44,
95% CI = 0.20–0.94, P = 0.035). The detailed outcomes of
RT-PCR negative conversion and exacerbated pneumonia on
chest CT are lined in Fig. 2.

The outcomes of progressed illness and death

Three papers reported progressed illness, and heterogeneity is
extremely high (I2 = 41.2%, P = 0.183), which use fixed effect
model. Three of 9 papers reported the outcome of death, and
heterogeneity is extremely high (I2 = 0.0%, P < 0.001), which
use fixed effect model. And there was no statistical difference
in progressed illness between the HCQ group and ST group
(RR = 0.66, 95% CI = 0.18–2.43, P = 0.530). Death (RR =
1.92, 95% CI = 1.26–2.93, P = 0.003) was distinctly signifi-
cant different in HCQ group compared with ST group in treat-
ment of COVID-19. The detailed outcomes of progressed ill-
ness and death are lined in Fig. 3.

Discussion

HCQ, as an aminoquinoline, has been extensively used for the
prevention and therapy of malaria and rheumatic diseases
(Martinez et al. 2020). In the context of the COVID-19 pan-
demic and absence of effective drugs, HCQ has been ap-
proved for the treatment of hospitalized patients with
COVID-19 on the grounds of anti-inflammatory and antiviral
effects. HCQ has received worldwide attention as a potential
treatment for COVID-19 due to positive results from some
small clinical trials, which showed the association between
HCQ and outcomes such as symptom resolution and viral
clearance (Gautret et al. 2020a; Gautret et al. 2020b).
However, Rosenberg et al. (Rosenberg et al. 2020) found that
the in-hospital mortality was not significantly associated with
HCQ, and cardiac arrest was significantly more likely in pa-
tients receiving HCQ combined with AZ, compared with pa-
tients receiving neither drug in logistic model. In the light of
these conflicting results, it is necessary to evaluate the benefits
and harms of HCQ use in the treatment of COVID-19 patients
(Fig. 4).

In our current study, we found the exacerbated pneumonia
on chest CT in HCQ group was improved, but the illness
progression and PCR negative conversion were not changed.
Although some small studies demonstrated that HCQ was
associated with the shortened recovery time, many factors
contributed to conflicting results, such as the sample sizes,
the absence of randomized control and placebo control group,
the single-center design, low methodological quality, the dis-
similar baseline characteristics, and unmeasured confounding
and bias. Hernandez et al. (Hernandez et al. 2020) indicated
that evidence was conflicting and insufficient with regard to
the effect of HCQ on all-cause mortality, disease progression,
symptom resolution, and viral load. In addition, we found that
the mortality of HCQ group was higher than that of ST group.
Recent meta-analysis assessing the efficacy of HCQ for
COVID-19 therapy found no significant difference or incon-
clusive effects in mortality between HCQ group andFig. 1 The flow of study selection process
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supportive care arm. However, HCQ + AZ group had signif-
icantly higher mortality than supportive care group (Patel et al.
2020). In our study, all patients taking HCQ were included,
thus the effect of HCQ combined with AZ onmortality cannot
be ruled out. Moreover, the different dosages, duration of
follow-up, and baseline differences are likely explanations
for the considerable variability seen in these outcomes.

FDA has recently revoked EUA for emergency use of CQ
and HCQ to treat COVID-19 patients based on the ongoing
analysis and emerging scientific data as following. The
RECOVERY Trial enrolling over 11,000 patients in UK
showed no evidence of benefit on outcomes of hospitalized
COVID-19 patients treated with HCQ, such as 28-day mor-
tality, hospital stay duration, and other outcomes (Torjesen
2020). A randomized trial assessing the efficacy of HCQ as
postexposure prophylaxis (PEP) for SARS-CoV-2 infection
among 821 asymptomatic participants revealed that HCQ
failed to prevent COVID-19 when used as PEP within 4 days
after high-risk or moderate-risk exposure, and appeared to be
associated with more side effects (Boulware et al. 2020). This
finding has been consistently replicated in the PEP CoV2
Study, which showed that HCQ could not prevent SARS-
CoV-2 infec t ion (Cl in ica lTr ia l s .gov Iden t i f i e r :

NCT04304053, https://clinicaltrials.gov/ct2/show/
NCT04304053). In general, these data convincingly rule out
any meaningful clinical benefits of HCQ in both prevention
and therapy for COVID-19 patients. Furthermore, there are
ongoing reports of serious cardiac adverse events, such as
QT prolongation, tip torsional ventricular tachycardia and car-
diac arrest.

Wide use of HCQ will expose some patients to potentially
fatal adverse reactions, including ventricular arrhythmias and
cardiac arrest, especially when prescribed with AZ (Gerard
et al. 2020). The combination of HCQ and AZ has been de-
signed for the treatment of COVID-19 due to their synergistic
antimicrobial properties (Nakornchai and Konthiang 2006). It
is reported that patients receiving HCQ combined with AZ
had an increased risk of cardiac arrest, and the most common-
ly reported adverse event was arrhythmia (Rosenberg et al.
2020). It has long been known that HCQ has a preponderance
for causing cardiac rhythm abnormalities, because it can in-
crease the electrical instability, which is characterized as QT
interval prolongation. It has been reported that 1 to 18% of
patients receiving HCQ had a severe increased corrected QT
(QTc) interval (Bessiere et al. 2020; Ramireddy et al. 2020;
Chorin et al. 2020), and the product labeling specifically

Fig. 2 The Cochrane Evaluation
Manual’s bias risk assessment of
3 RCTs
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highlights that QTc interval prolongation and torsade de
pointes have been reported. Recent data from 1515 COVID-
19 patients showed that approximately 10% of COVID-19
patients treated with CQ/HCQ developed QT prolongation
(Jankelson et al. 2020). Moreover, patients treated with
HCQ in combined with AZ had higher risk of QTc prolonga-
tion compared with use alone (Mercuro et al. 2020). In our
study, the increased risk of death in patients treated with HCQ
may be related to prolonged QT and cardiac arrest.

QTc interval prolongation is associated with blockade of
the hERG potassium channel, which can potentially prolong
ventricular repolarization and the duration of ventricular ac-
t i o n po t e n t i a l s (T r a e b e r t e t a l . 2 004 ) . E a r l y
afterdepolarizations may trigger ventricular arrhythmias under
some specific conditions (Giudicessi et al. 2020). Individuals
with structural cardiovascular disease are more susceptible to
arrhythmia. Growing evidence supported that patients with
COVID-19 are more likely to suffer from cardiovascular in-
jury, including acute myocardial injury, arrhythmia, and car-
diac insufficiency (Shi et al. 2020; Guo et al. 2020). In

addition, many COVID-19 patients have underling cardiovas-
cular disease and are more prone to severe disease with worse
clinical outcomes (Mehra et al. 2020a). The cardiovascular
comorbidity and de-novo cardiovascular injury may explain
the heightened vulnerability to arrhythmia among patients
with COVID-19 who were treated with HCQ. Furthermore,
it is reported that 2~50% COVID-19 patients suffered from
diarrhea, which can cause hypokalemia and hypomagnese-
mia, leading to an increased risk of arrhythmia (D'Amico
et al. 2020). Moreover, critically ill patients may have an al-
tered metabolism of HCQ due to hepatic injury and renal
insufficiency (Zhang et al. 2020; Rowland Yeo et al. 2020),
which may increase the risk of adverse reactions.

It is limited that there may be substantial risk of bias in this
meta-analysis because of the sample of articles rolled and
some negative outcomes hidden by some researchers, even
the suspended and stopped trial by WHO. The articles of
RCTs may be qualitatively different, because of the blind
method, but steerable in order to the population recruited from
Chinese. The observational studies were evaluated by NOS, a

Fig. 3 The outcomes of RT-PCR
negative conversion (2A) and ex-
acerbated pneumonia on chest CT
(2B)
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scale used for the assessment of risk of bias, and in our work,
the quality of 4 papers was middle to high. There may exist
moderate risk of bias that was hard to avoid in the circum-
stance of the less quantity of trials available, whereas, in con-
clusion, our study showed the improved CT manifestations
and increased risk of death in HCQ group. In addition, there
was no significance on the progression to severe disease and
PCR negative conversion when treated with HCQ. However,
we just evaluated the relationship between the HCQ treatment
and death without stratifying the reasons of death, and not
measure QT intervals between two groups. Even with these
limitations, this result argues against the widespread use of
HCQ in COVID-19 patients and confirmation from better,
properly powered, randomized controlled clinical trials is ur-
gently needed.
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