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Abstract

Introduction Hydroxychloroquine can induce QT/QTc interval prolongation for some patients; however, little is known
about its interactions with other QT-prolonging drugs.

Objective The purpose of this retrospective electronic health records study was to evaluate changes in the QTc interval in
patients taking hydroxychloroquine with or without concomitant QT-prolonging medications.

Methods De-identified health records were obtained from the Cerner Health Facts® database. Variables of interest included
demographics, diagnoses, clinical procedures, laboratory tests, and medications. Patients were categorized into six cohorts
based on exposure to hydroxychloroquine, methotrexate, or sulfasalazine alone, or the combination of any those drugs with
any concomitant drug known to prolong the QT interval. Tisdale QTc risk score was calculated for each patient cohort.
Two-sample paired t-tests were used to test differences between the mean before and after QTc measurements within each
group and ANOVA was used to test for significant differences across the cohort means.

Results A statistically significant increase in QTc interval from the last measurement prior to concomitant exposure of
18.0 ms (95% CI 3.5-32.5; p < 0.05) was found in the hydroxychloroquine monotherapy cohort. QTc changes varied con-
siderably across cohorts, with standard deviations ranging from 40.9 (hydroxychloroquine monotherapy) to 57.8 (hydroxy-
chloroquine + sulfasalazine). There was no difference in QTc measurements among cohorts. The hydroxychloroquine +
QTc-prolonging agent cohort had the highest average Tisdale Risk Score compared with those without concomitant exposure
(p < 0.05).

Conclusion Our analysis of retrospective electronic health records found hydroxychloroquine to be associated with a moderate
increase in the QTc interval compared with sulfasalazine or methotrexate. However, the QTc was not significantly increased
with concomitant exposure to other drugs known to increase QTc interval.
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Hydroxychloroquine can induce QT/QTc interval pro-
longation, and little is known about its interactions with
other QT-prolonging drugs.

Exposure to hydroxychloroquine is associated with a
moderate increase in QTc interval. There was no evi-
dence that this effect is further increased when hydroxy-
chloroquine is given concomitantly with other drugs
known to increase QTc interval.

Clinicians should cautiously consider risks and benefits
if considering use of hydroxychloroquine with other
QTec-prolonging agents and should monitor QTc and
concomitant medication utilization.

1 Introduction

Hydroxychloroquine was developed by adding a f-hydroxy
chain to chloroquine to reduce toxicity and is commonly
used as an antimalarial [1]. Nowadays, because of its anti-
inflammatory, immunomodulating, and metabolic proper-
ties, hydroxychloroquine has been increasingly used for
the treatment of chronic conditions such as systemic lupus
erythematosus and rheumatoid arthritis [2], particularly due
to its antiproliferative effect on T cells and its reduction of
several pro-inflammatory cytokines (i.e., interferon-y, tumor
necrosis factor, interleukin-1) [3].

Hydroxychloroquine is fully absorbed after oral adminis-
tration and is partly bound to a protein in plasma and metab-
olized via CYP enzymes in the liver to a major metabolite,
N-desethylhydroxychloroquine. The half-life of hydroxy-
chloroquine ranges from 22 days to > 120 days depending on
dose and route of administration [4]. Hydroxychloroquine is
eliminated by the kidneys and also metabolized by the liver;
thus, patients with dysfunctions in these organs might have
serious adverse events when taking hydroxychloroquine
[1, 5]. Adverse events associated with hydroxychloroquine
include gastrointestinal distress such as nausea, vomiting,
diarrhea, and weight loss [1], as well as skin rash and itch-
ing [6]. Retinopathy is also one of the serious and irrevers-
ible adverse events, particularly in patients receiving high
doses [7]. Heart failure, cardiac conduction disorders, and
cardiomyopathy have also been reported, and though cardiac
toxicity is rare, if it occurs, it could be lethal [8, 9].

Hydroxychloroquine is structurally similar to class IA
antiarrhythmic quinidine, which blocks sodium and potas-
sium channels, prolonging the QT interval and increasing the
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risk of Torsades de Pointes (TdP), a polymorphic ventricu-
lar tachycardia that could, in some cases, incite ventricular
fibrillation and sudden cardiac death [10, 11]. In past years,
more than half of the medications removed from the mar-
ket were due to serious cardiac arrhythmias resulting from
their ability to cause QT interval prolongation [12, 13]. The
association of hydroxychloroquine with QT prolongation is
well known and is reported in product labeling, warning
clinicians not to administer it in combination with other QT-
prolonging drugs [4, 12]. Chatre et al. conducted a review of
86 individual cases and short case series of cardiac compli-
cations related to long-term use of chloroquine and hydroxy-
chloroquine and found conduction disorders reported in the
majority of patient cases (85%) [14]. At the beginning of
the COVID-19 pandemic, several studies reported the use of
hydroxychloroquine and the cardiovascular adverse events.
One study reported the pooled incidence of discontinua-
tion due to prolonged QTC or arrythmias when exposed to
chloroquine or hydroxychloroquine was 5% (95% CI 1-11;
I? = 98%) and the pooled incidence in QTc change from
baseline of 60 milliseconds (ms) or > 500 ms QTc was 9%
(95% CI 3-17; I> = 97%) [15].

Antimalarial drugs, such as hydroxychloroquine, that can
induce QT/QTc interval prolongation should be used with
caution in individuals with identified risk factors including
advanced age, bradycardia, electrolyte disturbances, previ-
ous rhythm and conduction defects, female sex, congeni-
tal prolonged QTc, a family history of sudden unexplained
death consistent with cardiac arrhythmias, or concomitant
treatment with medication that can prolong the QT interval
such as antiarrhythmic drugs, antihistamines, antipsychotics,
antidepressants, antibiotics, and those drug combinations
that share additive or potentiating effects [16—18]. Normal
values of QTc in males are 440 ms or less, while in females
it is 460 ms or less [19]. Females with either congenital or
acquired long-QT syndrome (LQTS) have a greater risk of
adverse cardiac events [20]. It has been estimated in patients
with congenital LTQS that every 10-ms increase in QTc cor-
relates to a 5—7% increase in the risk of TdP [12, 21]. Com-
pared with a patient with a QTc of 440 ms, a patient with
a QTc of 540 ms has a 63-97% higher risk of developing
TdP [12].

An important question is whether concomitant admin-
istration of hydroxychloroquine with other QT-prolonging
drugs significantly increases the risk of cardiovascular com-
plications. Recently, evidence about the risk and degree of
QT prolongation in using hydroxychloroquine, with and
without concomitant QT-prolonging medications, has been
reported among individuals infected with COVID-19 [9,
11, 22-26]. Padilla et al. found that in hospitalized COVID
patients, concomitant exposure to hydroxychloroquine and
azithromycin was significantly associated (HR 11.28, 95%
CI 1.08-117.41) with prolongation of the QTc [27].



Hydroxychloroquine and Concomitant QT-Prolonging Agents

417

1.1 Objective

The purpose of this study was to determine changes in the
QTc interval in patients taking hydroxychloroquine with or
without concomitant QT-prolonging medications, analyzing
data from a large-scale retrospective health records database.

2 Methods
2.1 Data Source

De-identified patient health records were obtained from the
Cerner Health Facts® database. This database contained
electronic health records collected from over 700 health-
care facilities in the United States between 2002 and 2018,
including data for over 60 million patients. The datasets
generated during the current study are available from the
corresponding author on reasonable request.

The data were loaded into a relational database and que-
ried using SQL language. Data elements of interest included
QTc measurements, demographics, diagnoses, medical and
surgical procedures, laboratory tests, medications, micro-
biology records, and clinical events. Because the discrete
capture of QTc data has relatively recently occurred with
electronic health records, patients with two or more QTc
measurements were included in the study.

2.2 Study Population

Hydroxychloroquine is classified as a disease-modifying
anti-rheumatic drug (DMARD) and has been frequently used
to treat patients with autoimmune disorders such as rheu-
matoid arthritis and systemic lupus erythematosus. Conse-
quently, we selected two other DMARD agents (methotrex-
ate and sulfasalazine) to identify controls. Six cohorts were
formed based on exposure to hydroxychloroquine, metho-
trexate, sulfasalazine, and hydroxychloroquine, methotrex-
ate, or sulfasalazine in addition to any drug that, according
to the CredibleMeds database (https://www.crediblemeds.
org/) [12], is a known risk of Torsades de Pointes.

2.3 QTc-Prolonging Agents and QTc Measurements

There are several drugs that could increase these values,
either by themselves or through a drug—drug interaction
with other drugs known to prolong QT. This study used the
following list of QTc-prolonging agents from the Credible-
Meds database [12]: amiodarone, anagrelide, azithromycin,
bepridil, chlorpromazine, cilostazol, ciprofloxacin, citalo-
pram, clarithromycin, disopyramide, dofetilide, donepezil,
dronedarone, droperidol, erythromycin, escitalopram, fle-
cainide, fluconazole, haloperidol, levofloxacin, methadone,

moxifloxacin, ondansetron, oxaliplatin, procainamide,
propofol, sevoflurane, sotalol, and thioridazine.

The Health Facts® dataset contains one or more encoun-
ters for each patient. For this study, the recorded start time
of the individual drug or drug combination was considered
the index timestamp. We allowed for only one index times-
tamp per encounter per patient. All included patients had
one or more valid QTc measurement before and after the
index timestamp but within the same clinical encounter (i.e.,
hospitalization). To our knowledge, there is no other analysis
of a real-world dataset that has this large of a sample where
measurements could be compared before and after concomi-
tant exposure within a single encounter.

We counted the number of patients in each cohort who
had at least one especially high (> 500 ms) QTc measure-
ment before or after the index timestamps. We also evaluated
risk factors for prolonged QTc for each subject at the index
timestamp using the Tisdale QTc risk score [28]. The Tis-
dale score identifies the following criteria to be associated
with prolonged QTc: age > 68 years; female sex; use of loop
diuretic; serum K+ <3.5 mEq/L; admission QTc > 450 ms;
acute myocardial infarction; exposure to two or more QTc-
prolonging drugs; sepsis; heart failure; and exposure to one
QTc-prolonging drug. Weights were assigned to each attrib-
ute based on the odds ratio and then summed to obtain an
overall score. Fewer than 7 points was considered low risk;
7-10 points was considered moderate risk, and scores > 10
were considered high risk for QTc prolongation.

2.4 Ethics

This study was approved as exempt of human subject
research requirements by the University of Pittsburgh Insti-
tutional Review Board because the utilized data consisted
of deidentified electronic health records.

2.5 Statistical Analyses

All statistical analyses were done using R version 3.6. The
Pearson's Chi-square test with Yates' continuity correction
was used to test for differences (p < 0.05) in the presence
of Tisdale risk factors. We also tested for differences in the
presence of Tisdale risk factors between patients with con-
comitant exposure compared with no concomitant exposure
for each of the cohorts of interest. For the total Tisdale score,
the Welch modified two-sample t-test was used to test for
statistically significant difference (p < 0.05). For descriptive
purposes, the last QTc before an index date was compared
with the first QTc after the index timestamp for each cohort.
Two-sample paired ¢ tests were used to test statistically sig-
nificant differences between the mean before and after QTc
measurements within each group and ANOVA was used to
test for significant differences across the cohort means.

A\ Adis


https://www.crediblemeds.org/
https://www.crediblemeds.org/

418

L. Villa Zapata et al.

3 Results

After an exhaustive search, we identified 321 unique
patients whose records indicate an exposure to hydroxy-
chloroquine and a QT-prolonging agent. Table 1 shows
the sample size for each cohort and the differences in QTc
measurements before and after medication exposures
across cohorts. Differences were calculated using the first
QTc measurement after the index timestamp and the last
QTc measurement before the index timestamp. Only the
hydroxychloroquine alone cohort had a significant QTc
measurement increase of 18.0 ms (p < 0.05) from pre- to
post-exposure. Variability in QTc differences was large
across all of the cohorts as evidenced by the standard devi-
ations, which ranged from 40.9 ms (hydroxychloroquine)
to 57.8 ms (sulfasalazine). ANOVA analysis revealed no
statistical differences between cohort QTc measurements.
The cohort demographics and prevalence of the Tisdale
QTc-prolonging risk factors for each cohort are shown in
Table 2. Patients’ rheumatologic common conditions are
reported in Table 3. Because these medications are not
common and the study required two QTc measurements,
the cohorts were relatively small. The cohort receiving
hydroxychloroquine + QTc-prolonging agents had the
most patients (n = 171), while the cohort receiving sul-
fasalazine without a QTc-prolonging agent had the least
(n = 10). The sulfasalazine + QTc-prolonging agents and
methotrexate + QTc-prolonging agents cohorts had a lower
proportion of females and a lower percentage of patients
exposed to two or more QTc-prolonging drugs than the
hydroxychloroquine + QTc-prolonging agents cohort.
Descriptively, the sulfasalazine cohort included the
largest proportion (70%) of older patients (> 68 years).
The three cohorts with the highest proportion of patients
with an admission QTc > 450 ms were methotrexate +
QTc-prolonging agents (85%), hydroxychloroquine +
QT-prolonging agents (82%), and sulfasalazine + QTc-
prolonging agents (78%). The hydroxychloroquine +

QTc-prolonging agents cohort also had the highest aver-
age Tisdale Risk Score compared with other cohorts. This
suggests that patients in this group were at the highest risk
of QTc prolongation. The three cohorts without the com-
bination of QTc-prolonging agents generally had a lower
overall Tisdale score than the three cohorts with concomi-
tant exposure (p < 0.05).

4 Discussion

This study found that exposure to hydroxychloroquine alone
was associated with a significant increase in QTc interval
compared with exposure to either sulfasalazine or metho-
trexate alone. However, there was no evidence of significant
additional QTc prolongation when hydroxychloroquine was
given concomitantly with other drugs known to increase
QTec interval. This finding might be explained by several
factors in our study that could modify drug-induced QT-
prolonging activity. Our study population was not limited by
treatment site and may have had different sensitivity to the
effects of QT-prolonging drugs. Because we set the index
timestamp as either the start of hydroxychloroquine mono-
therapy or the start of combination therapy, patients receiv-
ing combination therapy may have had a longer exposure to
hydroxychloroquine prior to QTc measurement.

Baseline QTc in the hydroxychloroquine combina-
tion cohort was similar to that of the treatment QTc in the
hydroxychloroquine alone cohort. When two drugs that have
the same mechanism of action but different potencies are
administered concomitantly, the less potent drug may act as
a partial agonist [29]. It is possible that the most common
concomitant exposures were with drugs that have limited
QT-prolonging activity, either intrinsically or at the doses
they were given. Our study was not designed to examine
whether the results would be different if focused on con-
comitant exposure to hydroxychloroquine and specific QT-
prolonging drugs instead of any QT-prolonging drugs. Cav-
alcanti et al. found no difference in QT > 480 ms between

Table 1 Differences in QTc measurements per patient before and after medication exposures across cohorts

Cohorts n Average last QTc before Average first QTc after A QTc average (ms)
index timestamp (ms) index timestamp (ms) (mean, median, SD)
Hydroxychloroquine 33 428.15 446.18 + 18.0%, 10, 40.9
Sulfasalazine 10 4422 4437 1.5,—14,57.8
Methotrexate 11 456.3 454.9 —1.4,10,55.4
Hydroxychloroquine + QTc-prolonging agents 171 440.6 441.0 04,0,54.5
Sulfasalazine + QTc-prolonging agents 37 434.5 446.4 11.9,10,41.5
Methotrexate + QTc-prolonging agents 59 444 .9 440.4 —-4.6,—2,535

The ‘+’ symbol indicates an increase, and the ‘—’ symbol indicates a decrease

*Statistically significant (p < 0.05) change in average QTc measurements before and after index timestamp
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Table 3 Other patient’s health conditions by cohort

Cohorts Discoid lupus Systemic lupus erythe- Rheumatoid arthritis

n (%) matosus n (%)

n (%)

Hydroxychloroquine (N = 33) 1 (0.03) 6(0.18) 16 (0.48)
Sulfasalazine (N = 10) 0(0.0) 0(0.0) 1(0.1)
Methotrexate (N =11) 0 (0.0) 1 (0.09) 4 (0.36)
Hydroxychloroquine + QTc-prolonging agents (N = 171) 1 (0.01) 52 (0.30) 69 (0.40)
Sulfasalazine + QTc-prolonging agents (N = 37) 0 (0.0) 0 (0.0) 14 (0.38)
Methotrexate + QTc-prolonging agents (N = 59) 0(0.0) 1(0.02) 24 (0.41)

patients taking hydroxychloroquine alone and patients taking
the drug with azithromycin [9]. However, in a case series
analysis conducted by Bessiere et al., 6 of 18 (33%) COVID-
19 patients treated with hydroxychloroquine and azithro-
mycin developed a prolonged QTc of > 500 ms versus 1
of 22 (5%) of those treated with hydroxychloroquine alone
(p=0.03) [11].

Our analysis found that subjects taking a comparator drug
and one or more QTc-prolonging agents had Tisdale scores
> 8 (moderate risk), but patients taking hydroxychloroquine
and one or more QT-prolonging drug had Tisdale scores
of approximately 11 (high risk). Thus, patients receiving
hydroxychloroquine plus another QTc-prolonging drug may
be at greater risk of prolonged QTc even though our analy-
sis did not show a significant difference across the cohorts.
This may be in part due to the high variability in QTc scores
in the Health Facts dataset. A Tisdale score of > 11 has
a reported QT prolongation prediction sensitivity of 0.74,
specificity of 0.77, positive predictive value of 0.79, and
negative predictive value of 0.76 [28]. The incorporation of
Tisdale scores into clinical decision support systems could
allow for prompt identification of subjects at higher risk of
developing QTc prolongation, leading to re-evaluation of
current treatment and cardiac monitoring [30]. While QTc
alone can be used to evaluate the occurrence of ventricular
tachyarrhythmias and risk of sudden cardiac arrest, it has
limited specificity when used as a surrogate marker [31].

Adverse events associated with hydroxychloroquine use
include gastrointestinal intolerance, retinopathy, and myo-
cardial manifestations (e.g., restrictive cardiomyopathy,
cardiac insufficiency, conduction disorders with QTc pro-
longation, and cardiac arrhythmias). However, these car-
diovascular anomalies have been reported mostly in case
report studies [32-34]. Risk factors for hydroxychloroquine-
induced arrhythmia include structural heart diseases (i.e.,
ventricular hypertrophy), history of ventricular arrhythmia
or syncope, the use of heart rhythm devices, and the co-
administration of other QTc-prolonging drugs [35].

The lack of strong evidence for QTc prolongation with
hydroxychloroquine is not a unique finding. Sridhar et al.
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studied 75 COVID-19 patients treated with hydroxychlo-
roquine monotherapy and given serial ECGs (baseline and
follow-up after a second dose of hydroxychloroquine) and
found the mean change in QTc was — 2 ms (range — 65 to
+ 67 ms; p = 0.53) [24]. Despite this finding, case reports
for TdP and sudden death have been described for hydroxy-
chloroquine when used for non-malaria indications [35]. In
a Japanese study on systemic lupus erythematosus patients
treated with hydroxychloroquine, a significant increase on
the QTc was found when compared with a control group
with no hydroxychloroquine exposure [36].

In a cohort study of 90 hospitalized COVID-19 patients
taking hydroxychloroquine with or without azithromycin,
those taking hydroxychloroquine with azithromycin had
greater QT prolongation than those receiving hydroxychloro-
quine alone [10]. A recent large-scale retrospective self-con-
trolled case series study of patients taking hydroxychloro-
quine and azithromycin observed an increased risk of 30-day
cardiovascular mortality (HR 2.19 [95% CI 1.22-3.95]),
chest pain/angina (HR 1.15 [95% CI 1.05-1.26]), and heart
failure (HR 1.22 [95% CI 1.02-1.45]) [37].

Our study has limitations that should be considered
when interpreting its findings. While Health Facts® is a
large observational retrospective dataset of real-world QTc
measurements, the sample size was relatively small due to
the infrequency of concomitant exposure to the drugs of
interest among patients for whom QTc measurements were
recorded. There is generally sparse information about how
the QTc measurement was performed, including whether
they were manually or automatically recorded. Because the
data were derived from an encounter-based record, we could
not ascertain exposure to the medications prior to the index
date. It is possible that subjects could have been taking the
medications prior to their encounter where the QTc was
measured. Another limitation is that data may be incomplete.
The study population contains a mix of inpatient and outpa-
tient encounters, and certain laboratory measurements, such
as serum potassium, magnesium, or calcium, are expected
to be less frequently ordered in an outpatient setting. We
did not attempt to impute missing values. Furthermore,
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while there was interest in evaluating the effect of combin-
ing azithromycin and hydroxychloroquine, there were too
few concomitant exposure events in the data to evaluate that
combination. Thus, we pooled all QT-prolonging drugs and
examined the effect of combinations at the individual active
ingredient level.

Another limitation of our study was that it was not pos-
sible to examine a dose-response relationship when exam-
ining the effect of combining QTc-prolonging agents and
hydroxychloroquine. It remains possible that the true degree
of QTc prolongation was either under- or over-estimated,
given the quality of data related to medication exposure in
the dataset. Lastly, a cause and effect relationship cannot
be determined using retrospective databases, though they
are convenient for delivering initial data and informing the
development of future prospective studies. Despite these
limitations, we propose that clinicians remain cautious about
the combination and consider specific patient characteristics,
comorbidities, and the use of concomitant medications.

5 Conclusion

Exposure to hydroxychloroquine is associated with a moder-
ate increase in QTc interval compared with exposure to sul-
fasalazine or methotrexate. However, there was no evidence
that this effect is further increased when hydroxychloroquine
is given concomitantly with other drugs known to increase
the QTc interval. Patients on hydroxychloroquine and other
medications known to be associated with QTc prolongation
are subject to numerous factors that may contribute to risk
of QTc prolongation and TdP.
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