
REVIEW

Safety of hydroxychloroquine in COVID-19 and other diseases:
a systematic review and meta-analysis of 53 randomized trials

Can Chen1
& Kunming Pan1

& Bingjie Wu2
& Xiaoye Li1 & Zhangzhang Chen1

& Qing Xu1
& Xiaoyu Li1 & Qianzhou Lv1

Received: 28 April 2020 /Accepted: 15 July 2020
# Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract
Introduction Many concerns still exist regarding the safety of hydroxychloroquine (HCQ) in the treatment of Coronavirus
Disease 2019 (COVID-19).
Objectives The purpose of this study was to evaluate the safety of HCQ in the treatment of COVID-19 and other diseases by
performing a systematic review and meta-analysis.
Methods Randomized controlled trials (RCTs) reporting the safety of HCQ in PubMed, Embase, and Cochrane Library were
retrieved starting from the establishment of the database till June 5, 2020. Literature screening, data extraction, and assessment of
risk bias were performed independently by two reviewers.
Results We identified 53 eligible studies involving 5496 patients. The meta-analysis indicated that the risk of adverse effects
(AEs) in the HCQ group was significantly increased compared with that in the control group (RD 0.05, 95%CI, 0.02 to 0.07, P =
0.0002), and the difference was also statistically significant in the COVID-19 subgroup (RD 0.15, 95%CI, 0.07 to 0.23, P =
0.0002) as well as in the subgroup for other diseases (RD 0.03, 95%CI, 0.01 to 0.04, P = 0.003).
Conclusions HCQ is associated with a high total risk of AEs compared with the placebo or no intervention in the overall
population. Given the small number of COVID-19 participants included, we should be cautious regarding the conclusion stating
that HCQ is linkedwith an increase incidence of AEs in patients with COVID-19, which we hope to confirm in the future through
well-designed and larger sample size studies.
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Introduction

Even though the war against COVID-19 in China has ushered in
the dawn, the global pandemic has become more overwhelming
in other parts of the world. Chloroquine, which is widely known

and used both as an antimalarial and a disease-modifying anti-
rheumatic drug (DMARD) in autoimmunity conditions, has also
been reported as a potential broad-spectrum antiviral drug in
previous articles. A recent study demonstrated that chloroquine
is effective against SARS-CoV-2 in vitro [1]; thus, it was incor-
porated into antiviral treatment options in the sixth [2] and sev-
enth trial editions of China’s protocol against COVID-19 [3]. As
a derivative of chloroquine, HCQ has a similar antiviral mecha-
nism, but it is well tolerated [4–6]. The adverse reactions (ADRs)
associated with HCQ involve various systemic organs, among
which irreversible retinopathy is of highest concern. Previous
studies pointed out that the overall prevalence rate of patients
receiving HCQ for more than 5 years is 7.5%, which may rise
to roughly 20% 20 years later [7]. Other frequently reported
SAEs mostly consisted of cardiotoxicities such as cardiomyopa-
thy [8–11], and cutaneous toxicities such as acute generalized
exanthematous pustulosis [12–14], pigmentation [15–17], and
toxic epidermal necrolysis [18, 19]. To date, a series of studies
on HCQ use against COVID-19 have been published, but there
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remainmany controversies regarding its efficacy and safety. This
study aims to investigate the incidence of the AEs caused by
HCQ in RCTs on COVID-19 and other diseases, and eventually
to provide evidence for safe COVID-19 therapy.

Methods

We conducted the study following the Preferred Reporting
Items for Systematic Review and Meta-Analyses (PRISMA)
guidelines [20]. The study protocol was registered in
PROSPERO (CRD42020176407).

Search strategy

RCTs published in English and Chinese were searched system-
atically in PubMed, Embase, and Cochrane Library up to June 5,
2020. TheMedical Subject Headings “hydroxychloroquine” and
free text words such as “hydroxychloroquine,” “random,” “ran-
domization,” “randomized,” “randomized,” “randomly” were
combined with the Boolean operator “AND” and “OR”. See
Tables S1–3 for detailed retrieval strategies. We also browsed
medRxiv for new studies up to the submission date.
Additionally, references cited in the articles were checked for
and found to be available.

Study selection

We had access to all the publications that evaluated the safety
of HCQ, including RCTs enrolling adult patients, published in
English and Chinese. We excluded studies with unavailable
full texts, as well as studies that were not published as RCTs,
and also those involving children, not reporting the safety
outcomes, and focusing on other irrelevant topics. The prima-
ry outcome was the total AEs, and the secondary outcomes
were the gastrointestinal AEs, skin and subcutaneous tissue
AEs, ophthalmic AEs, cardiac AEs, treatment discontinuation
caused by AEs, and total SAEs. AEs were defined as any
undesirable experience associated with the use of a medical
product in a patient, and SAEs were defined as fatal, life-
threatening, requiring hospitalization (initial or prolonged),
causing disability or permanent damage, or congenital
anomaly/birth defect, or required intervention to prevent per-
manent impairment or damage (devices) [21]. The literature
selection was performed independently by two researchers
(C.C and KM.P), and any disagreements were solved through
discussion or seeking the advice of another reviewer.

Data extraction

Two researchers (C.C and KM.P) extracted the data of the
eligible studies independently, including information on the
authors, year of publication, country, region, study type, study

population, age, HCQ dosage, follow-up time, and the occur-
rence of AEs and SAEs. We aggregated all the recorded spe-
cific AEs according to the system organs classification in the
Medical Dictionary for Regulatory Activities (MedDRA), and
if the specific AEs were not available, we used data recorded
according to the system organs classification [22]. The record-
ed data were cross-checked by two researchers (C.C and
KM.P), and if a consensus regarding the inconsistencies could
not be reached, another reviewer would participate in the de-
cision. For studies that covered two intervention groups, we
merged the two intervention groups into one for analysis [23].

Risk of bias assessment

The risks of bias in the eligible studies were assessed using the
Cochrane Collaboration’s tool for assessing risk of bias in ran-
domized trials [24], which were comprised of the following sev-
en domains: random sequence generation, allocation conceal-
ment, blinding of participants and personnel, blinding of out-
come assessment, incomplete outcome data, selective reporting,
and anything else. High-quality studies were defined as studies
with low risk of bias in key domains such as random sequence
generation, blinding of participants and outcome assessment, in-
complete outcome data, and selective reporting.

Statistical analysis

We conducted the meta-analysis using ReviewManager 5.3.5
software [25]. The risk difference (RD) and 95% confidence
interval (CI) for the risks of AEs between the HCQ group and
control group were calculated. We used the χ2 test for explo-
ration of the heterogeneity, and I2 statistics were applied to
quantify the heterogeneity. The random-effect model was
used for quantitative synthesis. Furthermore, funnel plots were
selected to assess the risk of publication bias for the outcomes
reported by nine or more studies. The subgroup analyses were
performed for AEs based on the diagnosis and the daily doses
of HCQ. We considered daily doses exceeding 400 mg as the
high dosage group, and those lower than 400 mg as the stan-
dard dosage group. Sensitivity analyses were carried out by
changing the type of effect model, eliminating literature one
by one, while meta-analyses were performed exclusively for
high-quality studies.

Results

Literature search

A total of 2524 articles were identified, out of which 184
studies were potentially eligible, and 53 RCTs [26–78] pub-
lished in English and Chinese between 1976 and 2020 were
finally included after the title/abstract and full-text screening
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process. The PRISMA 2009 flow diagram of literature screen-
ing is illustrated Fig. 1.

Characteristics and risk bias of the eligible studies

Among the 5496 patients enrolled in those 53 studies
[26–78], 2831 patients received HCQ and 2665 received a
placebo or no treatment at all. The included subjects were
from 18 countries with a mean or median age of 29 to
78 years old. Four studies [26, 60, 61, 63] were carried
out in COVID-19 patients, whereas the remaining 49
[27–59, 62, 64–78] were focused on other diseases. HCQ
was administered in seven of the eligible studies [33, 63,

75–77] for disease prophylaxis, and the remaining studies
reported administration for therapeutic use. Thirty-eight of
the eligible studies were placebo-controlled, while 15 studies
[26, 34, 36, 41, 60–62, 64, 66, 68, 70, 75] stated that no
intervention was given to participants in the control group.
The daily dosages of HCQ used in ten studies [34, 36, 37,
45, 47, 61, 63, 69, 75, 76] exceeded 400 mg, and the max-
imum dosage was 1200 mg once daily [36, 47]. The follow-
up times ranged from 6 days to 40 months across studies,
and most studies reported follow ups of less than 12 months
[26–29, 31–33, 35–46, 49, 50, 52, 55–58, 60, 61, 63–65, 67,
69–78]. The basic characteristics of the included studies are
presented in Table S4.

Fig. 1 The PRISMA 2009 flow diagram in literature screening
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Nearly 30% of the studies did not specify the generation of
random sequences, and 70% did not state or use the allocation
concealment. Based on this fact, a high risk of selection bias
might exist in these studies. Approximately 30% of the studies
had a high risk of participants or outcomes assessment
blinding. Most of the studies had low attrition and reporting
biases. Of the 53 studies, 19 [30–33, 37–40, 42–44, 46, 50, 51,
53, 56, 57, 63, 78] were considered high-quality studies with
low risk of bias in key domains. Risks of bias assessment of all
the eligible studies are presented in Fig. S1–2.

Outcome Measures

AEs

Forty-four studies (4 in COVID-19 patients and 40 in patients
with other diseases) [26–35, 37–42, 44–47, 49–51, 53–66, 70,
72, 73, 75–78] reported their total AEs, with 698 and 431 AEs
reported in the HCQ group and control group, respectively.
The meta-analysis demonstrated that the risk of AEs in the
HCQ group was significantly higher compared with the con-
trol group’s (RD 0.05, 95%CI, 0.02 to 0.07, P = 0.0002, I2 =
62%), and the difference was statistically significant in the
COVID-19 subgroup (RD 0.15, 95%CI, 0.07 to 0.23, P =
0.0002, I2 = 48%) and other diseases subgroup (RD 0.03,
95%CI, 0.01 to 0.04, P = 0.003, I2 = 15%) (Fig. 2). The sub-
group analysis based on the daily dosage of HCQ suggested
that, in high dosage subgroups, the risk of AEs was statistically
different (RD 0.19, 95%CI, 0.14 to 0.24, P < 0.00001, I2 = 0%)
in COVID-19 patients and not different in other diseases (RD
0.01, 95%CI, −0.03 to 0.05, P = 0.62, I2 = 13%) between the
HCQ and control groups. However, in low dosage subgroups,
the differences did not reach a statistical significance in
COVID-19 patients (RD 0.06, 95%CI, −0.03 to 0.16, P =
0.19, I2 = 0%), meanwhile these differences were significant
in other diseases (RD 0.03, 95%CI, 0.01 to 0.05, P = 0.002,
I2 = 18%).

Gastrointestinal AEs

Two studies [26, 61] conducted in COVID-19 patients and 30
studies [27–30, 32, 34, 36, 37, 39, 40, 42, 43, 45, 47, 49, 50,
53, 54, 57–59, 62, 64–66, 69, 70, 75, 77, 78] in other diseases
reported gastrointestinal AEs. The incidence of gastrointesti-
nal AEs in the HCQ group was significantly higher than that
in the control group (RD 0.03, 95%CI, 0.01 to 0.06, P = 0.02,
I2 = 55%). The risks of developing gastrointestinal AEs were
both increased in the COVID-19 subgroup (RD 0.11, 95%CI,
0.04 to 0.19, P = 0.003, I2 = 0%) and the subgroup for other
diseases (RD 0.03, 95%CI, 0.00 to 0.05, P = 0.04, I2 = 50%)
(Fig. S3).

Skin and subcutaneous tissue AEs

Three studies [60, 61, 63] in COVID-19 patients and 25 stud-
ies [29, 32, 33, 35, 37–40, 43–46, 49, 54, 56, 58, 59, 64, 66,
70, 75, 77] in patients with other diseases reported skin and
subcutaneous tissue AEs. Similarly, the risk of skin and sub-
cutaneous tissue AEs in the HCQ group was significantly
different from that in the control group (RD 0.02, 95%CI,
0.00 to 0.03, P = 0.02, I2 = 25%). Furthermore, the meta-
analysis results of the studies performed in patients with other
diseases were consistent with the overall observations (RD
0.02, 95%CI, 0.00 to 0.04, P = 0.03, I2 = 20%). The meta-
analysis of the studies carried out in COVID-19 patients
proved that the risk of skin and subcutaneous tissue AEs
was similar in both groups (RD 0.01, 95%CI, −0.00 to 0.02,
P = 0.28, I2 = 0%) (Fig. S4).

Ophthalmic AEs

Out of the 30 studies [29, 30, 32, 34, 37, 40–45, 50, 51, 53, 54,
57, 58, 61, 63–66, 69, 72–74, 77, 78] that reported ophthalmic
AEs, two [61, 63] were performed in COVID-19 patients. A
total of 37 ophthalmic AEs in the HCQ group and 22 in the
control group were recorded. The meta-analysis demonstrated
that increased risk of ophthalmic AEs in the HCQ group was
not remarkable compared with the control group (RD 0.01,
95%CI, −0.00 to 0.01, P = 0.12, I2 = 0%). A subgroup analy-
sis based on diagnosis also found no positive results (Fig. S5).

Cardiac AEs

Nine [34, 38–40, 42, 45, 47, 61, 70] of the 53 studies reported
the 12 cardiac AEs, with eight in the HCQ group and four in
the control group. The findings of the meta-analysis indicated
that the risks of cardiac AEs were comparable between the
two groups (RD 0.00, 95%CI, −0.01 to 0.01, P = 0.75, I2 =
0%) (Fig. S6).

Treatment discontinuation due to AEs

Twenty-nine studies [27–36, 39–41, 43, 44, 46, 47, 49,
50, 54, 56, 57, 59, 61, 63, 64, 66, 70, 78], including
two studies [61, 63] in COVID-19 patients, declared
treatment discontinuation due to AEs. The meta-
analysis demonstrated that patients in the HCQ group
had a higher risk of treatment discontinuation caused
by AEs compared with the control group (RD 0.01,
95%CI, 0.00 to 0.03, P = 0.02, I2 = 10%) (Fig. S7).
Nevertheless, it did not reach a statistical significance
in the COVID-19 subgroup and the subgroup for other
diseases.
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Fig. 2 Forest plot of the risk of AEs between the HCQ group and control group. CI, confidence interval; M–H, Mantel–Haenszel; HCQ,
hydroxychloroquine, CHSG, Canadian Hydroxychloroquine Study Group
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SAEs

Thirty-six [28–34, 36, 38–40, 42–46, 48–50, 53–55, 57–63,
67–71, 73, 76, 78] of the 53 included studies, consisting of
4229 patients, reported SAEs. In the HCQ group, 2173 pa-
tients reported 55 SAEs, while in the control group, 2056
patients reported 38 SAEs. The cumulative number of SAEs
in the HCQ group was not significantly greater than that in the
control group (RD 0.00, 95%CI, −0.00 to 0.00, P = 0.85, I2 =
0%) (Fig. S8).

Sensitivity analysis

Sensitivity analysis revealed that the meta-analysis results of
all outcomes using the fixed-effects models were consistent
with the random-effects models. The pooled estimated values
using fixed-effects models were displayed in Table S5.

Moreover, we conducted sensitivity analyses by removing
each included study one by one for all the outcomes, and no
variation was found in the meta-analysis of all outcomes ex-
cept for the ophthalmic AEs and treatment discontinuation
due to AEs. After excluding the study of Pareek et al. [42],
we noticed that the risk difference of ophthalmic AEs between
the HCQ group and the control group was statistically signif-
icant (RD 0.01, 95%CI, 0.00 to 0.02, P = 0.04, I2 = 0%). With
respect to the treatment discontinuation due to AEs, when the
publication of Boulware et al. [63] focusing on the postexpo-
sure prophylaxis for COVID-19 was eliminated, the increase
in risk was close to statistical significance (RD 0.01, 95%CI,
−0.01 to 0.03, P = 0.06, I2 = 14%).

Concerning the gastrointestinal AEs and treatment discon-
tinuation due to AEs, the meta-analysis of high-quality studies
demonstrated that the HCQ group and the control group had
similar risks. For other outcomes, the meta-analysis of high-
quality studies supported the primary analysis results. The
meta-analysis of the high-quality studies using random-
effects models is listed in Table S6.

Publication bias

The funnel plots of all the outcomes had no obvious asymme-
try, indicating that there was no significant publication bias of
studies included in the outcomes (see Fig. S9).

Discussion

This systematic review enabled us to discover that the risk of
total AEs in the HCQ group was significantly increased com-
pared with that in the control group, and the risk difference
was also found to be statistically significant in the COVID-19
subgroup and the subgroup for other diseases. Nonetheless,
the results of the subgroup analysis based on the daily dose of

HCQ were not completely consistent with the overall results,
possibly because the number and sample size of the studies in
the high-dose group were limited and could not reach a statis-
tical significance. The risks of gastrointestinal AEs, skin and
subcutaneous tissue disorders AEs, and treatment discontinu-
ation due to AEs in the HCQ group were higher than in the
control group. It is worth mentioning that patients treated with
HCQ did not have a significantly increased risk of ophthalmic
AEs, cardiac AEs, and total SAEs compared to those who
were not treated with HCQ.

Despite the fact that a series of studies and case reports
[79–86] have found that HCQ could increase the risk of reti-
nopathy, this review has demonstrated that the pooled inci-
dence of ophthalmic AEs occurring in the HCQ group was not
significantly increased compared with the control group and
only two specified retinopathies [51, 62] were reported in the
eligible studies. This observation might be accounted for by
the fact that the follow-up periods of the randomized studies
included in this review were not long enough. A retrospective
study found that the potential risk factors for HCQ-induced
were high doses and long-term (>5 years) treatment by multi-
variate regression [87]. Nevertheless, most follow-up periods
of the included studies in this review were within 12 months,
and the longest one was about 40 months. The sensitivity
analysis suggested that the difference in risk of ophthalmic
AEs between the HCQ and control groups reached a statistical
significance by removing the study of Pareek et al. [42].

In this review, the patients receiving HCQ suffered more
from skin and subcutaneous tissues AEs than the patients in
the control group. The commonly reported skin and subcuta-
neous tissues AEs were rashes, and other AEs such as pig-
mentation and itching were also frequently reported. There
were two SAEs reported in the HCQ group, one being erythe-
ma multiforme and the other one being acute generalized er-
ythematous pustulosis, while none were reported in the con-
trol group. Previous studies revealed that skin ADRs generally
occurred 5~14 days after the beginning of HCQ therapy, and
the rash was characterized as lichen-like, urticaria or simply
rash. Additionally, the symptoms were generally mild, which
could be relieved after withdrawal of therapy [88, 89]. The
skin and subcutaneous tissue SAEs associated with HCQ that
were frequently reported in the literature were acute general-
ized exanthematous pustulosis (AGEP) [12–14, 90–93], pig-
mentation [15, 17, 94–100], Stevens–Johnson syndrome [19,
101], and toxic epidermal necrolysis [18, 102, 103]. One mul-
tinational case-control study suggested that HCQ or chloro-
quine was highly associated with AGEP [104]. Additionally,
the risk factors identified in previous studies for HCQ-induced
pigmentation were previous treatment with oral anticoagu-
lants and/or antiplatelet agents as well as higher blood HCQ
concentrations [99, 100].

A number of recent studies have declared the related
cardiotoxicity of HCQ [8–11, 105–113], such as
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cardiomyopathy [9–11, 105, 108, 109, 111, 112] and ar-
rhythmias [113]. In the present review, HCQ was similar to
the placebo or non-intervention in the risk of cardiac AEs,
and the cardiac SAEs of HCQ reported were arrhythmias and
heart failure. A systematic review on chloroquine or HCQ
induced cardiac toxicity indicated that the occurrence of car-
diac AEs is rare, but generally more severe and may be
irreversible [114]. The AEs associated with HCQ included
cardiomyopathy, atrioventricular block, valve dysfunction,
acute myocardial infarction, heart failure, and abnormal left
ventricular ejection fraction. Among these cardiac AEs, the
incidence of cardiomyopathy with HCQ was higher than
with chloroquine [114]. Jankelson et al. found significant
QT prolongations in patients with COVID-19 receiving
HCQ by conducting a systemic review [113]. However, the
evidence of QT prolongation by HCQ was mainly from ob-
servational studies with small sample size. Meanwhile, a
retrospective multicenter cohort study of 1438 patients with
laboratory-confirmed COVID-19 described that there were
no significant differences between the groups receiving nei-
ther drug and each of the HCQ plus azithromycin and HCQ
alone groups in logistic regression models [115].

As regards the most reported gastrointestinal AEs in the
included studies, the results of the sensitivity analysis did not
fully follow the results of the primary meta-analysis. We failed
to find a source that could significantly reduce inter-study het-
erogeneity, and therefore this result should be treated with cau-
tion. The sensitivity analysis suggested that we should also pay
attention to the robustness of themeta-analysis results regarding
the treatment discontinuation due to AEs.

Concerning the four eligible studies [26, 60, 61, 63] on
COVID-19, patients receiving HCQ had more total AEs than
controls, which was similar to the overall results. The AEs
recorded in other diseases might be referenced in the treatment
of COVID-19 albeit the number and sample sizes of studies
on COVID-19 were too small to obtain sufficient safety data,
because the AE profile of HCQ might be expected to be sim-
ilar in different populations and settings [23].

The COVID-19 patients enrolled in two studies [61, 63]
were given a high daily dose of HCQ, leading to a remarkable
rise in the occurrence of AEs. Notwithstanding, when the
study was combined with high-dose studies on other diseases
for a meta-analysis, the number of AEs did not increase sig-
nificantly. The limited number and sample sizes of studies in
the high-dose group made it difficult to determine whether a
high daily dosage of HCQ would considerably increase the
AEs. The findings of a study [116] conducted in systemic
lupus erythematosus indicated that the AEs rates of patients
receiving HCQ daily doses of 200 mg, 400 mg, 600 mg, and
800 mg were 38.9%, 15.5%, 25%, and 27.4%, respectively,
and no differences were identified between groups in terms of
nausea, vomiting, diarrhea or blurred vision. Moreover, pa-
tients who received high HCQ doses for 7 months, including

patients with a dose of 800 mg once a day, had no significant
AEs. Another dose-dependent study [117] enrolled 212 rheu-
matoid arthritis (RA) patients in a 6-week, double-blinded
study comparing treatment with HCQ at 400 mg, 800 mg,
and 1200 mg daily, and the results revealed that gastrointesti-
nal AEs induced by HCQwere dose-related, while ocular AEs
were dose-independent.

Withal, there are several limitations to this study. First, the
definition and determination of AEs in the included studies
were not completely consistent, and we could only rely on the
published data for systematic review. As non-primary out-
comes in the original studies, some studies merely reported
the total AEs or SAEs without stating every specific AE, lead-
ing to the inaccuracy of certain reported AEs. Second, we
basically enrolled RCTs representing the exclusion of patients
at high risk of harm [118], there was a lack of enough time to
determine long-term harmful effects, and the small sample
size made it difficult to detect rare unusual events [119].
Third, most participants enrolled in this review’s eligible stud-
ies were non-COVID-19 patients, the sample size of COVID-
19 studies were too small to provide enough information on
the safety of HCQ in COVID-19 patients. Although the AEs
profiles in other diseases might provide some sort of indirect
evidence, attempting to apply the data from non-COVID-19
participants to the current pandemic is limited by the differ-
ences in treatment.

Conclusion

HCQ is associated with more total AEs, gastrointestinal AEs,
and skin and subcutaneous tissue AEs compared with placebo
or no intervention in the overall population. Considering the
small number of COVID-19 participants included, we should
be wary regarding the results stipulating that HCQ increases
the incidence of AEs in patients with COVID-19, and strive to
confirm these results in the future through well-designed stud-
ies with larger sample sizes. Even though the current evidence
is not strong enough, clinical practitioners and patients should
be alert to the AEs of HCQ during the treatment of COVID-
19.
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