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Abstract

Background: The COVID-19 pandemic has brought in-
creased focus on hydroxychloroquine (HCQ), as doctors, the
medical community, and policymakers around the world at-
tempt to understand how the risks of HCQ weigh against
unknown benefits. We aim to evaluate the effects of HCQ on
cardiac conduction, thus contributing to the global under-
standing of implications of HCQ use. Methods: We reviewed
717 cases of nonmalaria patients treated with HCQ (302) or
without HCQ (415) in our hospital from 2008 to 2019, ana-
lyzed the cardiac conduction recorded by electrocardiogram
(122 vs. 180) including heart rate (HR), PR, and corrected-QT
(QTc) intervals, and explored the relationship of cardiac con-
duction with age, HCQ dosage, HCQ duration, sex, and pri-
mary diseases in HCQ users. Results: The all-cause mortality
is similar between HCQ and non-HCQ groups (4.0 vs. 4.3%,
p = 0.85). Patients aged 45 years or older, not younger ones,

have lower HR (80.1 + 1.7 vs. 85.7 = 1.8 bpm, p = 0.03) but
longer PR (163 * 3.4 vs. 146.6 + 4.2 ms, p = 0.003) and QTc
(417.8 £3.8vs.407.7 £ 2.7 ms, p=0.03) in HCQ than those in
non-HCQ. The age in the HCQ group is positively correlated
with PR (R =0.31, p < 0.01) and QTc (R =0.34, p < 0.01) but
not HR. HR, PR, and QTc are not related to HCQ dosage (0.1-
0.6 g/day), HCQ duration (0.2-126 months), sex, primary dis-
eases, and repeated exams. Conclusion: Age is the most im-
portant risk factor of HCQ on cardiac conduction in nonma-
laria patients. Electrocardiogram monitoring is suggested in
aged patients due to the effects of HCQ on HR, PR, and QTc.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Hydroxychloroquine (HCQ), as a traditional antima-
larial drug, was first synthesized in 1944 and approved by
the US FDA in 1955 [1]. HCQ is developed by the addi-
tion of a B-hydroxy chain to the chloroquine (CQ) mol-
ecule, the first antimalarial drug, and has reduced toxic-
ity but conserved efficacy compared to CQ. Both CQ and
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HCQ are reported in the management of nonmalaria dis-
eases including systemic lupus erythematosus (SLE) [2],
rheumatoid arthritis (RA) [3], Sjogren’s syndrome (SS)
[4], and others. Their potential beneficial effects have
been shown in the cardiovascular system [5], hematolog-
ical system [6], malignant diseases [7], and viral infec-
tions [8, 9]. They accumulate preferentially in the acidic
environment of lysosomes, phagolysosomes, and endo-
somes, stabilize the membranes of those organelles by
raising pH, and protect the tissues from inflammation in-
juries [10, 11].

The COVID-19 (coronavirus disease) pandemic has
brought increased focus on CQ and HCQ as doctors, the
medical community, and policymakers around the world
attempt to understand how the drug risks weigh against
unknown benefits [12]. Most recently, CQ or HCQ has
been applied in the treatment of COVID-19 due to severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection [13]. They block the infectivity of the SARS-
CoV-2 in vitro by interfering with virus-cell fusion and
glycosylation of cellular receptors of SARS-CoV [10, 11]
and are used to treat COVID-19 patients in different
countries [14-17].

The side effects of HCQ include gastrointestinal dis-
turbance [18], ocular toxicity [19], and cardiovascular
complications [20]. Conduction disorders, especially
QTc interval prolongation, may be fatal [21, 22]. A num-
ber of reports have shown that HCQ with or without
azithromycin is associated with QT prolongation in the
treatment of COVID-19 [23, 24]. Further studies are
needed to determine the risk factors of HCQ usage in car-
diac conduction among age, sex, pre-existing diseases,
and dosage and duration of HCQ. In order to contribute
to the global understanding of implications of HCQ use,
we evaluated effects of HCQ on cardiac conduction by
reviewing the hospitalized nonmalaria patients who were
prescribed HCQ relative to the age-, sex-, and disease-
matched ones who were not prescribed HCQ.

Materials and Methods

Study Patients

The study protocol was approved by the Institutional Review
Board and Medical Ethics Committee of Nanjing BenQ Medical
Center, The Affiliated BenQ Hospital of Nanjing Medical Univer-
sity (Approval No. 2020-KL008-01). This is a retrospective and
observational study. All procedures performed in studies involv-
ing human participants were in accordance with the ethical stan-
dards of the institutional and/or national research committee and
with the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards.
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Using the Hospital Information System, the patients who were
hospitalized and taking HCQ meanwhile in the Affiliated BenQ
Hospital of Nanjing Medical University from May 12,2008, to May
12, 2019, were considered as the HCQ group (302 cases). The pa-
tients who were diagnosed with the similar primary diseases but
not taking HCQ were grouped into non-HCQ control (415 cases).
All patients without a general agreement on follow-up inquires
and data publication at admission were excluded. To match the
distribution of primary diseases of the HCQ group, all cases diag-
nosed as SLE, RA, and SS were included while cases were random-
ly chosen (simple random sampling) from the system for derma-
titis, dermatomyositis, erythroderma, eczema, vasculitis, other
connective tissue diseases, and other diseases. The patients with
antiarrhythmic drug treatment (e.g., amiodarone, flecainide, or
sotalol) were excluded. Patients with electrocardiogram (ECG) re-
cords were analyzed for the cardiac conduction in the HCQ group
(122 cases) and the non-HCQ group (180 cases). Patients in the
HCQ group with repeated ECG and echocardiography (18 cases)
were included to analyze the changes of cardiac conduction, car-
diac function, and structure.

Data Collection

The hospital record numbers were provided by the IT staff
based on HCQ usage or disease diagnosis. Anonymous informa-
tion without patient’s personal identification, address, telephone
number, and email account was analyzed by professionals who had
written agreements on patient’s privacy protection.

The status of patient survival or all-cause death was obtained
by the Hospital Information System or telephone inquiries from
April 5, 2020, to May 12, 2020. The diagnosis of the primary dis-
eases and comorbid diseases was collected from the discharging
summary of the patients. Their sex, age, dosage and duration of
HCQ, ECG records, and echocardiography records were collected.

Resting ECG Examination

A standard digitally recorded 12-lead resting supine ECG was
performed by using an autoanalyzer (page writer trim IIT; Philips)
automatically to record heart rate (HR, beats per minutes, bpm),
PR interval (the time from the beginning of the P wave to the be-
ginning of the QRS wave, ranged 0.12-0.20 s), and QT interval (the
interval from the beginning of the QRS wave to the end of the T
wave). The corrected QT interval (QTc) was calculated as QT/
(RR%?). RR was calculated as 60 divided by the actual heart rate.
The normal QTc¢ interval is below 470 ms in males and 450 ms in
females [25].

Echocardiography Examination

Philips Hdii Color Doppler ultrasound diagnostic instrument
was used for echocardiography examination. The parameters of
the cardiac function included left ventricular ejection fraction (EF,
%). The parameters of the cardiac structure included left atrial di-
ameter (LAD, mm), left ventricular diameter (LVD, mm), and in-
terventricular septum (IVS) thickness (mm).

Relevant Medication

Relevant medication that could impact cardiovascular conduc-
tion included azithromycin, quinolone antibiotics (such as levo-
floxacin and moxifloxacin), beta-blockers, glucocorticosteroids,
thyroid hormone, nonsteroidal anti-inflammatory drugs, antipsy-
chotics, and immunosuppressive drugs.
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Table 1. Demographic and clinical characteristics of all patients with or without HCQ

HCQ Non-HCQ p value
(n=302) (n=415)
Female, 11 (%) 207 (68.5) 265 (63.9) 0.20
Age, years 53.4+3.7 55.8+2.3 0.31
Primary disease, n (%)
SLE 69 (22.9) 75 (18.1) 0.13
RA 53 (17.6) 62 (14.9) 0.36
SS 39 (12.9) 43 (10.4) 0.34
Dermatitis 38 (12.6) 59 (14.2) 0.58
Dermatomyositis 27 (8.9) 32(7.7) 0.58
Connective tissue diseases 19 (6.3) 43 (10.4) 0.06
Erythroderma 10 (3.3) 18 (4.3) 0.56
Eczema 10 (3.3) 25 (6.0) 0.12
Vasculitis 4(1.3) 7 (1.7) 0.77
Others 33(10.9) 51(12.3) 0.64
Comorbid disease, n (%)
Coronary atherosclerotic heart disease 13 (4.3) 25 (6) 0.4
Heart failure 11 (3.6) 26 (6.3) 0.12
Stroke 10 (3.3) 18 (4.3) 0.56
Hypertension 35(11.6) 42 (10.1) 0.54
Diabetes 29 (9.6) 37 (8.9) 0.79
Chronic kidney disease 65 (21.5) 71 (17.1) 0.15
Cancer 8(2.6) 9(2.2) 0.8
All-cause mortality
Events, n (%) 12 (4.0) 18 (4.3) 0.85

All patients were followed up for 12-144 months, and the survival or death was recorded. HCQ, hydroxychlo-
roquine; SLE, systemic lupus erythematosus; RA, rheumatoid arthritis; SS, Sjogren’s syndrome.

Statistical Analysis

The results were expressed as the mean + SE. Student ¢ test was
used for comparison between the 2 groups, and one-way ANOVA
with LSD post hoc tests was used for comparison among 3 groups
and above. Categorical variables were expressed as case number
and ratio (%), the latter was compared by the x> test. Pearson’s cor-
relation was used for correlations of age with cardiac conduction
values. Statistical analyses were performed with SPSS version 23.0
(SPSS Inc., Chicago, IL, USA); p < 0.05 was considered statistically
significant. Figures were generated with GraphPad Prism 8.0
(GraphPad Software Inc., San Diego, CA, USA).

Results

All-Cause Mortality with or without HCQ Exposure

In the current study, there were 302 patients taking
HCQ (HCQ group) and 415 patients not taking HCQ
(non-HCQ group). There was no difference between the
2 groups in age, sex, ratio of primary diseases, and ratio
of comorbid diseases, suggesting a similar background
for group comparison. The all-cause mortality was simi-
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lar between the 2 groups (4.0 vs. 4.3 %, p > 0.05) with
follow-up from 12 to 144 months (shown in Table 1). The
duration of taking HCQ was from 0.2 to 126 months, with
an average of 35.3 + 32.4 months and a median of 35
months; the dosage was 0.1-0.6 g/day, with an average of
0.3 + 0.1 g/day and a median of 0.2 g/day.

Cardiac Conduction of ECG with or without HCQ

Exposure

One-hundred twenty-two cases in HCQ and 180 cases
in non-HCQ had ECG records. There was no difference
between groups in age, sex, ratio of primary diseases, and
ratio of combined medication that might affect the car-
diac conduction (shown in Table 2).

HCQ patients had lower HR (81.9 + 1.5 vs. 87.1 + 1.6
bpm, p = 0.03) but longer PR (159.3 + 2.8 vs. 146.1 + 3.3
ms, p = 0.002) than non-HCQ ones while the difference
in QTc was not significant (410.4 + 3.3 vs. 405.9 + 2.3 ms,
p=0.25).In order to clarify the HCQ effects distinguished
by age, the patients with similar distribution in age, sex,
and primary diseases were divided into young groups
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Table 2. General information of the patients with ECG

HCQ Non-HCQ p value
(n=122) (n = 180)
Female, 11 (%) 86 (70.4) 121 (67.2) 0.61
Age, years 54.5+1.6 56.9+1.3 0.27
Primary disease, n (%)
SLE 28 (22.9) 38 (21.1) 0.78
RA 25 (20.5) 35 (19.4) 0.88
SS 23 (18.9) 30 (16.7) 0.65
Dermatitis 9(7.4) 12 (6.7) 0.82
Dermatomyositis 6(4.9) 17 (9.4) 0.18
Connective tissue diseases 10 (8.2) 16 (8.9) 1.0
Comorbid disease, n (%)
Coronary atherosclerotic heart disease 5(4.1) 12 (6.7) 0.45
Heart failure 6 (4.9) 9 (5) 1.0
Atrioventricular block 4(3.3) 7(3.9) 1.0
Right bundle-branch block 3(2.5) 7(3.9) 0.75
Hyperkalemia 6(4.9) 9(5) 1.0
Hypokalemia 7 (5.7) 6 (3.3) 0.39
Combined medication, 7 (%)
Azithromycin 3(2.5) 7 (3.9) 0.75
Quinolone antibiotics 32(26.2) 41 (22.8) 0.50
Beta-blockers 42 (34.4) 46 (25.6) 0.12
Glucocorticosteroids 67 (54.9) 98 (54.4) 1.00
Thyroid hormone 6(4.9) 12 (6.7) 0.63
NSAID 14 (11.5) 16 (8.9) 0.56
Antipsychotic drugs 5(18) 18 (10.0) 0.06
Immunosuppressive drugs 22 (59.8) 89 (49.4) 0.08

ECG, electrocardiogram; HCQ, hydroxychloroquine; NSAID, nonsteroidal anti-inflammatory drug; SLE, sys-
temic lupus erythematosus; RA, rheumatoid arthritis; SS, Sjogren’s syndrome.

(<45 years old, 32 vs. 43 cases in HCQ and non-HCQ
groups) and aged groups (245 years old, 90 vs. 137 cases
in HCQ and non-HCQ), respectively, for further analy-
ses. For the patients in the aged groups, HR was lower
(80.1+ 1.7 vs. 85.7 + 1.8 bpm, p = 0.03), but PR (163 + 3.4
vs. 146.6 £ 4.2 ms, p = 0.003) and QTc (417.8 + 3.8 vs.
407.7 £ 2.7 ms, p = 0.03) were longer in HCQ than non-
HCQ; HR, PR, and QTc¢ were similar between HCQ and
non-HCQ groups in the young patients (Student’s ¢ test,
p > 0.05) (shown in Fig. 1).

Two cases in the HCQ group and 1 case in the non-
HCQ group met the diagnostic criteria of QT¢ prolonga-
tion. In the HCQ group, one (light eruption patient, QTc:
482 ms) was given pacemaker installation while the other
(SS patient, QTc: 489 ms) was asymptomatic (shown in
online suppl. Fig. 1; for all online suppl. material, see
www.karger.com/doi/10.1159/000515278). In the non-
HCQ group, one eczema patient had chest tightness
(QTc: 508 ms). All 3 patients were above 70 years and still
alive until the data were collected.
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The Age with Cardiac Conduction in HCQ Patients

The age in the HCQ group was positively correlated
with PR (r=0.31, p <0.001) and QTc (r=10.34, p < 0.001)
but not HR, indicating that cardiac conduction was pro-
longed along with the increase of age (Pearson’s correla-
tion) (shown in Fig. 2); low but significant correlation of
age with PR and QTc was also found in non-HCQ pa-
tients (shown in online suppl. Fig. 2). These findings sug-
gested a synergetic effect of age with HCQ on cardiac con-
duction.

The Dosage and Duration of HCQ with Cardiac

Conduction in HCQ Exposure

According to the daily dosage of HCQ, 122 patients
with ECG were divided into 2 groups including <0.2 g/
day (64 cases) and >0.2 g/day (58 cases). There was no
difference in HR (79.9 + 1.9 vs. 84.2 + 2.5), PR (163.1 £
4.5vs. 155.3 £ 3.1), and QTc (409.1 + 4.3 vs. 411.8 £5.1)
between the 2 groups (Student ¢ test, p > 0.05) (shown in
Fig. 3a).
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Fig. 1. Analyses of HCQ usage with cardiac conduction in young
and old patients between HCQ and non-HCQ groups. One-hun-
dred twenty-two patients in the HCQ group and 180 patients in
the non-HCQ group, who were diagnosed with similar diseases,
were divided into the young group (<45 years old, 32 vs. 43 cases)
and the old group (245 years old, 90 vs. 137 cases), respectively.
The cardiac conduction with ECG was analyzed (Student’s f test,

*p <0.05vs.non-HCQ group). a Comparison of HR between HCQ
and non-HCQ groups. b Comparison of PR between HCQ and
non-HCQ groups. ¢ Comparison of QTc between HCQ and non-
HCQ groups; QTc calculated by QT/(RR"%°). RR was calculated as
60 divided by the actual heart rate (bpm). HCQ, hydroxychloro-
quine; ECG, electrocardiogram; HR, heart rate; PR, PR intervals;
QTec, corrected-QT intervals.
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Fig. 2. Correlation analyses of age with cardiac conduction in HCQ
patients. One-hundred twenty-two patients, who were prescribed
HCQ, were included in the analyses (Pearson’s correlation). a The
correlation of age with HR (r = -0.17, p = 0.07). b The correlation

One-hundred twenty-two patients with ECG were di-
vided into 4 groups based on HCQ duration: <12 months
(26 cases), 12-36 months (58 cases), 36-60 months (24 cas-
es), and >60 months (14 cases), respectively. There were no
differences in the HR (80.4 + 17.6, 79.6 + 16.8, 85.9 + 16.5,
and 87.7 + 17.6 bpm, p > 0.05), PR interval (159.4 + 21.2,
161.7 £29.2,161.8 + 24.7, and 156.3 + 34.8 ms, p > 0.05),
and QTc (399.3 + 31.8, 415.8 + 35.2, 410.5 + 44.2,

Hydroxychloroquine on Cardiac
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of age with PR (r = 0.31, p < 0.001). ¢ The correlation of age with
QTec (r = 0.34, p < 0.001). HCQ, hydroxychloroquine; HR, heart
rate; PR, PR intervals; QTc, corrected-QT intervals.

and 408.4 + 33.9 ms, p > 0.05) among groups (one-way
ANOVA, LSD test, all p > 0.05) (shown in Fig. 3b).

Sex and Primary Diseases with Cardiac Conduction in

HCQ Exposure

There was no difference in HR (81.2 + 16.4 vs. 79.5 +
19.1 bpm, p > 0.05), PR interval (168.8 £ 27.6 vs. 164.9 +
35.7 ms, p > 0.05), and QTc interval (408.7 + 28.3 vs.
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Fig. 3. Analyses of the cardiac conduction with HCQ dosage and
HCQ duration. One-hundred twenty-two patients, who were pre-
scribed HCQ, had ECG and were included. a Cardiac conduction
with HCQ dosage. The patients were divided into 2 groups includ-
ing <0.2 g/day (64 cases) and >0.2 g/day (58 cases) according to the
daily dosage of HCQ (Student ¢ test, p > 0.05). b Cardiac conduc-

tion with HCQ duration. One-hundred twenty-two patients were
divided into 4 groups: <12 months (26 cases), 12-36 months (58
cases), 36-60 months (24 cases), and >60 months (14 cases), ac-
cording to the HCQ duration (one-way ANOVA, LSD test, all p >
0.05). HCQ, hydroxychloroquine; ECG, electrocardiogram; HR,
heart rate; PR, PR intervals; QTc, corrected-QT intervals.
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Fig. 4. Analyses of the cardiac conduction with sex and primary
diseases. One-hundred twenty-two patients, who were prescribed
HCQ, had ECG and were included. a Cardiac conduction with the
sex of HCQ patients. HCQ patients were divided into male (36
cases) and female (86 cases) groups (one-way ANOVA, LSD test,
all p > 0.05). b Cardiac conduction with the diagnosis of primary

398.7 + 67.6 ms, p > 0.05) between males (36 cases) and
females (86 cases) (Student’s t test) (shown in Fig. 4a).
Among the top 3 primary diseases including SLE (28cas-
es), RA (25cases), and SS (23cases), no significant differ-
ence was found in HR (85.5 + 18.2, 789 + 14.2, and
82.7 + 18.7 bpm), PR interval (152.2 £ 23.9, 166 + 19.4,
and 163.3 + 25 ms), and QTc¢ interval (400.4 + 24.2,
414 +21.3,and 409.7 £ 47.3 ms) (one-way ANOVA, LSD
test, all p > 0.05) (shown in Fig. 4b).
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diseases. The top 3 diseases in HCQ patients were analyzed includ-
ing SLE (28 cases), RA (25 cases), and SS (23 cases) (one-way
ANOVA, LSD test, all p > 0.05). HCQ, hydroxychloroquine; ECG,
electrocardiogram; HR, heart rate; PR, PR intervals; QTc, correct-
ed-QT intervals; SLE, systemic lupus erythematosus; RA, rheuma-
toid arthritis; SS, Sjégren’s syndrome.

Repeated Examinations of ECG and

Echocardiography in HCQ Exposure

Eighteen over 122 patients in the HCQ group received
repeated ECG examination with the gap from 1 to 38
months, median for 6 months. There was no significant
difference in HR (74.8 + 10.7 vs. 76.6 + 13.8 bpm, p >
0.05), PR interval (165.1 + 15.5 vs. 162.5 + 15.7 ms, p >
0.05), and QTc interval (412.4 + 25.1 vs. 417.6 + 53.7 ms,
p > 0.05) between the first and second ECG (shown in

Yu/Xu/Xie/Liu/Wang/Zhu/Wang
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Fig. 5. The first and second cardiac parameters on ECG and echo-
cardiography. Eighteen over 122 patients, who were prescribed
HCQ, received repeated examination of ECG and color Doppler
echocardiography. a The cardiac conduction parameters (HR, PR,
and QTc) were compared between the first and second ECG (Stu-
dent’s ¢ test, all p > 0.05) with the gap from 1 to 38 months, median
for 6 months. b The cardiac function (EF) and structural parame-

Fig. 5a). The 18 patients also received repeated echocar-
diography with the gap from 3 to 41 months, median
for 9 months. EF (62.6 + 6 vs. 64 = 2.4, p > 0.05), LAD
(349 £3.8vs. 344 + 3.3 mm, p > 0.05), LVD (45.4 + 3.8
vs. 45.4 + 4.0 mm, p > 0.05), and IVS thickness (10.9 £ 2.5
vs. 10.3 + 1.8 mm, p > 0.05) were also similar between the
2 exams (Student’s ¢ test) (shown in Fig. 5b).

Discussion

The safety of HCQ, especially for cardiac conduction,
in the COVID-19 is controversial. In this study, we ana-
lyzed the all-cause mortality of patients taking HCQ in
relative to those not taking HCQ in our hospital for 11
years. We found that the mortality of all causes in 2 groups
was similarly low (about 4%) in the follow-up period of
1-12 years. Further detailed analyses of the effects of
HCQ on cardiac conduction were based on the ECG re-
cords of HR, PR interval, and QTc interval. For patients
aged 45 years or older, HR was lower but PR and QTc
were longer in HCQ than non-HCQ while there was no
difference between HCQ and non-HCQ for patients be-
low 45 years old (shown in Fig. 1a, b). The age was posi-
tively correlated with PR and QT¢, not HR, in the HCQ

Hydroxychloroquine on Cardiac
Conduction

ters (LAD, LVD, and IVS) were compared between the first and
second echocardiography (Student’s ¢ test, all p > 0.05) with the gap
ranged from 3 to 41 months, a median of 9 months. HCQ, hydroxy-
chloroquine; ECG, electrocardiogram; HR, heart rate; PR, PR inter-
vals; QTc, corrected-QT intervals; EF, left ventricular ejection frac-
tion (%); LAD, left atrial diameter (mm); LVD, left ventricular di-
ameter (mm); IVS, interventricular septum thickness (mm).

group (shown in Fig. 2b, c), suggesting that PR and QTc¢
of HCQ patients were prolonged along with the increase
ofage. Two cases in the HCQ group and 1 case in the non-
HCQ group diagnosed with QTc prolongation were all
above 70 years old. HR, PR, and QTc were not altered
with dosage (0.1-0.6 g/day) and duration of HCQ (0.2-
126 months). The cardiac conduction was not changed
with sex and primary diseases. These findings indicate
that age is the most important risk factor of HCQ on car-
diac conduction in nonmalaria patients. ECG monitoring
is suggested in aged HCQ users due to the effects of HCQ
on HR, PR, and QTec. The differences between HCQ and
non-HCQ are small but may be of clinical significance in
application regime for disease control using HCQ, espe-
cially in the prevention and treatment of COVID-19 pan-
demic.

HCQ has been recognized as a safe medicine generally,
even for pregnancy [26]. A cardiovascular protection ef-
fect of CQ/CQ is reported in several nonmalaria diseases.
Fardet and colleagues [27] have reported that in incident
cancer patients, the risk of death is lower in the ones
chronically exposed to HCQ/CQ compared with those
unexposed in the overall population. Sharma and co-
workers [28] have showed that chronic HCQ exposure is
associated with a 72% decrease in the risk of incident car-
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diovascular disease in RA patients. Exposure to HCQ/CQ
before the diagnosis of lupus nephritis was negatively as-
sociated with the development of hypertension and
thrombosis [29]. On the contrary, long-term HCQ ap-
pears to have no vascular protective effect in patients with
SLE [30]. Among COVID-19 patients hospitalized in
New York, treatment with HCQ, azithromycin, or both,
compared with neither treatment, is not significantly as-
sociated with differences in in-hospital mortality. Our re-
sults show that there was no difference in the all-cause
mortality between HCQ group and non-HCQ group,
consistent with the systematic review of antimalarial
drugs [31, 32].

HCQ causes cardiac conduction disorder, especially
QTc interval prolongation, in various reports [21]. In pa-
tients with COVID-19 treated with HCQ/azithromycin,
58 of 251 patients (23%), at least 1 measure of extreme
QTec interval prolongation was observed. And, 35 of 58
patients (60%) who were diagnosed QT¢ interval prolon-
gation were not on any other QTc-prolonging medica-
tion [24]. It is also reported that ECG abnormalities have
no association with HCQ usage [33]. A recent nested
case-control study has showed that HCQ/CQ decreases
the odds of ECG conduction abnormalities in 453 SLE
patients [34]. It has been suggested that cardiotoxicity
may be enhanced by older age, pre-existing cardiac dis-
ease, and renal insufficiency [35, 36]. In the current re-
port, HR was decreased but PR interval and QTc interval
were increased in HCQ patients relative to non-HCQ
ones with age older than 45 years while there was no dif-
ference in HR, PR, and QTc¢ for patients younger than 45
years. Furthermore, the age was positively correlated with
PR and QTc. Though the incidence of QTc prolongation
is high in COVID-19 patients treated with HCQ/azithro-
mycin, reported in Chorin’s study [24], the mean age was
64 + 13 years, and the age of baseline QRS duration >120
ms was 73 + 9 years, where both were older than 45 years.
Our findings indicate that age is a critical factor of HCQ
on cardiac conduction abnormalities, which may explain
the confliction of the reports in general.

The exact dosages with cardiac toxicity of HCQ/CQ are
not well defined. Recently, research has found evidence of
ventricular arrhythmia in 2 COVID-19 patients from a
group of 28 treated with high-dose CQ [37]. Ursing et al.
[38] have showed that high-dose CQ for uncomplicated
Plasmodium falciparum malaria is well tolerated and
causes QT interval prolongation similar to standard-dose
CQ in children. Chen et al. [21] have reported QT interval
prolongation with refractory ventricular arrhythmia in a
patient on HCQ 0.2 g/day treatment for 1 year. However,
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McGhie et al. [34] have found that HCQ and CQ cumula-
tive dose above the median (1,207 g) decreases the odds of
ECG conduction abnormalities in 453 SLE patients. In our
study, the HCQ dosage 0.1-0.6 g/day was not correlated
with any changes in HR, PR interval, and QTc interval.
Costedoat-Chalumeau and coworkers [39] have reported
that the duration of antimalarial use varies widely in pa-
tients with cardiac toxicity, ranging from 3 months to 27
years. In another report, the duration of HCQ/CQ use lon-
ger than 5 years is not a statistically significant predictor of
either cardiac conduction disorders or structural abnor-
malities [34]. In this study, the duration of HCQ varied
from 0.2 to 126 months, and there was no difference in HR,
PR, and QTcamong4 groups with various HCQ durations,
consistent with McGhie et al. [34]. In addition, we did not
find any difference in HR, PR, and QTc between sex and
among the top 3 primary diseases for HCQ patients.

Cardiac structural abnormalities are less common
than conduction abnormalities in HCQ/CQ-induced car-
diotoxicity. Scientists [34] have reported that antimalaria
cumulative dose is not associated with cardiac structural
abnormalities (left ventricular hypertrophy or atrial en-
largement), but SLE duration and eGFR were statistically
significantly associated with structural ECG abnormali-
ties. However, HCQ-induced cardiomyopathy is linked
to limited cutaneous systemic sclerosis [40] and SLE |20,
41]. In this study, we did not find any statistical difference
in cardiac structure between the first and second exami-
nation including LAD, LVD, IVS, and cardiac function
(EF%) with taking HCQ. However, the interpretation of
these findings may be subject to limitation in case num-
ber included in the analyses.

Conclusion

Taking HCQ due to various diseases does not increase
the all-cause mortality in our patients. Aging accelerates
the HCQ-induced prolongation of PR and QT¢ intervals.
The cardiac conduction is not related to duration and
dosage of HCQ, sex, and primary diseases. Therefore,
ECG monitoring is suggested for aged HCQ users. HCQ
up to 0.6 g/day might be used in patients younger than 45
years old without affecting QTc.
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