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Abstract
COVID-19 raised concern regarding cardiotoxicity and QTc prolongation of hydroxychloroquine (HCQ) and chloroquine 
(CQ). We examined the frequency and patient factors associated with ECG testing and the detection of prolonged QTc 
among new HCQ/CQ users in a large academic medical system. 10,248 subjects with a first HCQ/CQ prescription (1/2015–
3/2020) were included. We assessed baseline (1 year prior to and including day of initiation of HCQ/CQ through 2 months 
after initial HCQ/CQ prescription) and follow-up (10 months after the baseline period) patient characteristics and ECGs 
obtained from electronic health records. Among 8384 female HCQ/CQ new users, ECGs were obtained for 22.3%, 14.3%, 
and 7.6%, at baseline, follow, and both periods, respectively. Among 1864 male HCQ/CQ new users, ECGs were obtained 
more frequently at baseline (29.7%), follow-up (18.0%), and both periods (11.3%). Female HCQ/CQ users with a normal 
QTc at baseline but prolonged QTc (> 470 ms) at follow-up (13.1%) were older at HCQ/CQ initiation [mean 64.7 (SD 16.5) 
vs. 58.7 (SD 16.9) years, p = 0.004] and more likely to have history of myocardial infarction (41.0% vs. 21.6%, p = 0.0003) 
compared to those who had normal baseline and follow-up QTc. The frequency of prolonged QTc development was similar 
(12.4%) among male HCQ/CQ new users (> 450 ms). Prior to COVID-19, ECG testing before and after HCQ/CQ prescrip-
tion was infrequent, particularly for females who are disproportionately affected by rheumatic diseases and were just as 
likely to develop prolonged QTc (> 1/10 new users). Prospective studies are needed to guide future management of HCQ/
CQ therapy in rheumatic populations.
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Introduction

Hydroxychloroquine (HCQ) and chloroquine (CQ) are 
essential therapies for the treatment of autoimmune diseases 
including systemic lupus erythematosus (SLE) and rheuma-
toid arthritis (RA) [1]. In patients with SLE, HCQ has been 
shown to reduce flares, organ damage, pregnancy complica-
tions, and HCQ is the only medication proven to improve 
survival [2–4]. It is thought that all SLE patients should be 
taking HCQ or CQ unless there is a clear reason not to.

Although there is a wide range of HCQ toxicity, past 
attention has been on retinal toxicity and monitoring [5]. 
Potential cardiovascular adverse effects of HCQ and CQ 
use include cardiomyopathy, arrhythmias, and conduction 
system abnormalities, including prolonged QTc interval [6]. 
The prevalence of induced arrhythmias was brought into 
question during the COVID-19 pandemic when HCQ and 
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CQ were initially used as potential treatments for COVID-
19. HCQ COVID-19 clinical trials were halted because of 
concerns about potential heart rhythm problems especially 
when HCQ/CQ are taken in combination with other com-
mon medications such as antibiotics and anti-depressants 
[7]. Prior to COVID-19, cardiac monitoring was not rou-
tinely performed when initiating a patient on HCQ/CQ or in 
follow-up with some evidence suggesting that these medica-
tions may in fact have cardiovascular benefit [8, 9].

To understand how patients were being monitored for 
prolonged QTc while on HCQ/CQ, we retrospectively 
examined using initial HCQ/CQ prescriptions in a large 
academic medical system prior to the pandemic: 1) ECG 
testing frequency prior to and during the first year of HCQ/
CQ initiation, 2) patient clinical and demographic factors 
that were associated with likelihood of ECG testing, and 3) 
the frequency and risk factors for the development of new 
prolonged QTc at follow-up.

Methods

Data source and study population

We identified our patients using an administrative dataset, 
the Research Patient Data Registry (RPDR), a centralized 
clinical data warehouse from Partners Healthcare system, 
linked with electronic medical records from the Mass Gen-
eral Brigham, Faulkner, Newton Wellesley hospitals. We 
included patients ≥ 18-years-old at the start of the baseline 
period with a new prescription of HCQ or CQ between Janu-
ary 1, 2015-March 1, 2020. This study was approved by the 
Mass General Brigham Institutional Review Board.

Study design

A patient was a new initiator of HCQ/CQ if they did not have 
a prescription for either medication for 12 months prior to the 
initial HCQ/CQ prescription. Therefore, the baseline period 
was defined as one year prior to and including day of initiation 
of HCQ/CQ and 2 months after HCQ/CQ (Supplemental Fig-
ure). Two months was chosen given the long half-life of HCQ 
and requirement to obtain steady state. The follow-up period 
was defined as 10 months after HCQ/CQ first prescribed. At 
baseline, patient demographics [age, sex, race, body mass 
index (BMI), medical insurance type] were collected. On the 
date of the first HCQ/CQ prescription, we searched for ICD-
9/10 diagnostic codes (Supplemental table) for several autoim-
mune rheumatic diseases (e.g., cutaneous SLE, discoid, and 
other cutaneous lupus rash) and others (osteoarthritis, other 
joint disorder, other soft tissue disorders). We also identified 
concomitant diagnoses of myocardial infarction (MI), stroke, 
and hypothyroidism that may affect the results of the ECG.

Using the RPDR database, we obtained 12-lead resting 
ECGs that were performed during the baseline or follow-up 
period for each new initiator of HCQ/CQ. If there was more 
than one ECG identified during a period for a patient, then we 
used the closest ECG prior to starting HCQ/CQ. Machine-
assisted ECG interpretations were used including assessment 
of the corrected QT (QTc). A QTc over the 99th percentile is 
considered abnormally prolonged [10, 11], which is defined 
as > 470 ms for females and > 450 ms for males in this study. 
We excluded the following ECGs: those that were interpreted 
as having prolonged QRS (QRS > 120 ms), the PR interval 
was missing, right or left bundle branch block, intraventricular 
conduction delay, atrial fibrillation, ventricular tachycardia, 
premature ventricular contraction, or premature ventricular 
beat. We also excluded ECGs where the QTc was not machine 
interpreted.

Statistical analysis

As the definition of QTc interval prolongation differs by sex, 
females and males were analyzed separately. The frequency of 
ECGs performed during the baseline or follow-up among new 
initiators of HCQ/CQ was calculated. Using chi-square test or 
t-test, we compared the demographic characteristics (age, race/
ethnicity, BMI), co-morbidities (MI, stroke, hypothyroidism), 
medical insurance type, and rheumatological indication for 
HCQ/CQ between those who had an ECG vs. those that did 
not have an ECG during baseline or follow-up periods. The 
same analysis was performed for patients who had ECGs per-
formed during both baseline and follow-up periods compared 
to patients who had neither performed. Among those patients 
who had both baseline and follow-up ECGs performed, the 
frequency of those who had normal QTc at baseline but then 
develop prolonged QTc was calculated and compared to those 
who had normal QTc during both periods. In a sensitivity anal-
ysis, the frequency of those who had normal QTc at baseline 
but then develop prolonged QTc was calculated using a modi-
fied baseline period where the two-month HCQ/CQ waiting 
period was moved into the follow-up period. To determine 
the predictors of prolonged QTc at follow-up, we performed 
a logistic regression model for females and males adjusting 
for age, race, BMI, prior MI, stroke, hypothyroidism, disease 
indication for HCQ/CQ. A p < 0.05 was considered statistically 
significant. Analyses were conducted using SAS software, ver-
sion 9.4 (SAS Institute, Cary, NC).

Results

Study population

There was a total of 10,248 subjects with a new pre-
scription of HCQ/CQ which included patients with RA 
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(2919/10,248, 28.5%), SLE (1478/10,248, 14.4%), and 
other (6214/10,248, 60.6%). The number of patients pre-
scribed HCQ was 10,221 (99.74%); 27 (0.26%) were pre-
scribed CQ.

Frequency of ECG testing

Among all new HCQ/CQ users, 2424 (23.7%) had a base-
line ECG and 1539 (15.0%) had a follow-up ECG, while 
only 844 (8.2%) had both. Among female HCQ/CQ new 
users, ECGs were obtained for 22.3% (1871/8384) during 
the baseline, 14.3% (1203/8384) follow-up, 7.6% (634/8384) 
both periods (Table 1). Those who were older at HCQ/CQ 
initiation, had a higher BMI, history of MI, stroke, hypo-
thyroidism, or rheumatic disorder were more likely to have 
ECGs during baseline, follow-up, or both. Race and medi-
cal insurance type were also associated with ECG testing. 
ECGs were more frequently performed for male HCQ/CQ 
new users; baseline (29.7%, 553/1864), follow-up (18.0%, 
336/1864), and both periods (11.3%, 210/1864) (Table 2). 
Males who were older at HCQ/CQ initiation, had a history 
of MI, stroke, hypothyroidism, or rheumatic disorder were 
more likely to have ECGs during baseline, follow-up, or 
both. Medical insurance type was also associated with ECG 
testing.

Prolonged QTc

Among those who had both baseline and follow-up ECGs, 
13.1% (83/634) and 12.4% (26/210) for female and male new 
HCQ/CQ users had normal QTc at baseline but then devel-
oped prolonged QTc at follow-up (Table 3). In a sensitivity 
analysis where the 2-month HCQ/CQ initiation period was 
moved from the baseline period to the follow-up period, an 
even higher proportion of individuals had a normal baseline 
but prolonged follow-up QTc [20.5% (104/507) for females 
and 33.1% (41/124) for males] was observed. Among 190 
females with prolonged QTc at baseline, 113 (59.5%) contin-
ued to have prolonged QTc, 77 (40.5%) returned to normal 
QTc at follow-up. Among 103 males with prolonged QTc 
at baseline, 79 (76.7%) still had prolonged QTc, 24 (23.3) 
returned to a normal QTc at follow-up. For the 246 males 
with prolonged QTc at baseline, 54 (22.0%) used HCQ/CQ 
for the entire follow-up period (12 months). The mean for 
the duration of HCQ/CQ use was 4.5 (SD 4.6) months.

When compared to new HCQ/CQ users who did not 
develop prolonged QTc (54.9% or 348/634 for females, 
36.7% or 77/210 for males), females who were older at 
HCQ/CQ initiation [mean 64.7 (SD 16.5) vs. 58.7 (SD 
16.9) years, p = 0.004] and more likely to have had an MI 
(41.0% vs. 21.6%, p = 0.0003) were more likely to develop 

prolonged QTc. There were no significant differences 
among the males. In the adjusted logistic regression model 
for females, age [odds ratio (OR) 1.01, 95% confidence 
interval (CI): 1.00–1.02] and prior MI (OR 2.52, 95% CI: 
1.69–3.76) were significantly associated with the prolonged 
QTc in follow-up. For males, prior MI (OR 1.97, 95% CI: 
1.10–3.52) was significantly associated with prolonged QTc 
in follow-up. The other factors race/ethnicity, BMI, stroke, 
hypothyroidism and disease indication for HCQ/CQ were 
not significant predictors.

Discussion

Prior to the COVID-19 pandemic, there was less aware-
ness and regard for potential arrhythmias due to HCQ/CQ, 
largely because for decades, rheumatologists and derma-
tologists have been prescribing HCQ/CQ with no “obvi-
ous” cardiac safety signal. However, in retrospect, this is 
difficult to accept at face value if cardiac monitoring has 
not been routinely performed on patients on HCQ/CQ and 
most patients with prolonged QTc are asymptomatic. In this 
large retrospective analysis using linked administrative data 
from 2015 to 2020 (prior to the pandemic), we showed that 
ECGs were infrequently obtained prior to initiation of HCQ/
CQ and even less so within 1 year in follow-up. ECGs were 
more likely to be ordered in patients already at high risk for 
arrhythmias, such as those with a history of MI, therefore, 
even when an ECG was ordered, it was likely for reasons 
other than to monitor for HCQ/CQ cardiotoxicity. We also 
identified a potential gap in care among women because 
although majority of new HCQ/CQ users were women and 
their risk of developing prolonged QTc was similar to that of 
men, women were less likely to have ECG testing.

The sex difference in prolonged QTc may be explained 
by intrinsic cardiac electrophysiological differences between 
women and men. In one study using rabbits as an animal 
model, oophorectomy shortened QT interval while estradiol 
replacement lengthened the QT interval, suggesting a poten-
tial role for sex hormones [12]. Also, female rabbit ven-
tricular myocytes have lower outward potassium currents, 
which determine the repolarization phase of the cardiac 
action potential, and current densities in the heart compared 
to males [13]. In a systemic review and meta-analysis that 
included 332 cases of torsades de pointe (TdP) associated 
with cardiovascular drugs that prolonged QTc, 70% (95% 
CI: 64–75%) were women even after adjusting for other TdP 
risk factors [14], suggesting that women are inherently more 
sensitive to drug-induced arrhythmias.

To compound the issue, rheumatic diseases such as 
RA and SLE increase the risk of cardiovascular dis-
ease and events such as MI, a risk factor also associated 
with prolonged QTc. In our study, age and prior MI were 
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independently associated with prolonged QTc at follow-
up among females and prior MI was the only predictor of 
prolonged QTc at follow-up among males. Indeed, a recent 
white paper conducted by a working group of experts span-
ning different subspecialties, suggested that clinicians should 
be aware of the potential risk of cardiotoxicity of HCQ/CQ 
and consider a risk and benefit assessment prior to initiation 
of these medications [15]. Many studies examining the risk 
of arrhythmia with HCQ use among SLE and RA patients, 
several sparked by the COVID-19 pandemic [16–20], are 
still in abstract form, limited to retrospective analysis, using 
electronic medical records, and/or based on small cohorts 
[21]. To avoid systematic biases in retrospective analyses, 
prospective studies of consecutive patients should be con-
ducted to determine the impact of HCQ/CQ therapy on QTc 
prolongation and adverse events in patients with rheumatic 
diseases.

The strength of this study include that we utilized a large 
administrative database with detailed ECG data that allowed 
us to exclude cases where QTc intervals were uninterpret-
able. There were several limitations in this study including 
inability to determine the precise indication for which the 
ECGs were ordered, the doses of HCQ/CQ, and we did not 
examine other QTc prolonging medications and co-morbid-
ities. There were also some patients who had a diagnostic 
code (e.g., osteoarthritis, fibromyalgia) where HCQ/CQ 
is not indicated. These patients likely had multiple rheu-
matological diagnoses, but we could not confirm the exact 
indication for the HCQ/CQ. It is also possible that some of 
these patients were started on a trial of HCQ/CQ prior to 
receiving a rheumatological diagnosis where HCQ/CQ is 
indicated. We also acknowledge that although HCQ has a 
prolonged half-life of 40–50 days, the effect of HCQ/CQ 
on QTc may happen as early as 2 days after starting the 

Table 3  Characteristics of patients with prolonged QTc vs. no prolonged QTc at baseline or follow-up for females and males

Bolded indicated P < 0.05
BMI body mass index, CQ chloroquine, HCQ hydroxychloroquine, IQR interquartile range, MI myocardial infarction, QTc prolonged QT inter-
val, RA rheumatoid arthritis, Rx prescription, SD standard deviation, SLE systemic lupus erythematosus
a Other rheumatic diseases such as osteoarthritis (ICD10: M15-19, ICD9: 715), other joint disorder (ICD10: M20-M25; ICD9: 716, 719), other 
soft tissue disorders (M70-79; ICD9 721.9, 729, 726, 728, 727, 728.0–728.3, 728.6–728.0)

Female with QTc > 470 ms Male with QTc > 450 ms

Normal baseline and 
Prolonged follow-up 
Qtc
N = 83

Normal baseline 
and follow-up QTc
N = 348

P value Normal baseline and 
Prolonged follow-up 
Qtc
N = 26

Normal baseline 
and follow-up QTc
N = 77

P value

Age at first HCQ/CQ Rx 64.7 (16.5) 58.7 (16.9) 0.004 62.5 (18.5) 62.3 (16.4) 0.95
Race (%)
 White 66 (79.5) 249 (71.6) 0.09 20 (76.9) 68 (88.3) 0.58
 Black 7 (8.4) 48 (13.8) 0 (0) 3 (3.9)
 Hispanic 3 (3.6) 9 (2.6) 0 (0) 1 (1.3)
 Asian 1 (1.2) 13 (3.7) 1 (3.9) 1 (1.3)
 Other 6 (7.2) 29 (8.3) 5 (19.2) 4 (5.2)

BMI (kg/m2) 28.4 (6.7) 28.7 (7.5) 0.78 27.6 (7.3) 27.6 (4.9) 0.999
MI (%) 34 (41.0) 75 (21.6) 0.0003 13 (50.0) 37 (48.1) 0.86
Stroke (%) 9 (10.8) 22 (6.3) 0.15 3 (11.5) 6 (7.8) 0.56
Hypothyroidism (%) 20 (24.1) 86 (24.7) 0.91 3 (11.5) 7 (9.1) 0.72
Insurance type (%)
 Medicare 51 (61.5) 173 (49.7) 0.05 16 (61.5) 40 (52.0) 0.33
 Medicaid 1 (1.2) 5 (1.4) 1 (3.9) 1 (1.3)
 Private 31 (37.4) 169 (48.6) 9 (34.6) 36 (46.8)
 Others 0 (0) 1 (0.3) 0 (0) 0 (0)

Indication for HCQ/CQ (%)
 SLE 18 (21.7) 79 (22.7) 0.84 5 (19.2) 7 (9.1) 0.16
 Cutaneous SLE 5 (6.0) 26 (7.5) 0.65 2 (7.7) 5 (6.5) 0.83
 RA 37 (44.6) 127 (36.5) 0.17 11 (42.3) 26 (33.8) 0.43
  Othera 73 (88.0) 291 (83.6) 0.32 22 (84.6) 56 (72.7) 0.22
 Duration on HCQ in 

months (median, IQR)
8.9 (4.2,12.0) 11.7 (5.4,12.0) 0.14 8.2 (3.8,12.0) 10.0 (4.9,12.0) 0.39
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medications and that even among similar dosing in mg/kg/
day, there is variability in HCQ blood levels [22–24]. We 
used the 2-month waiting period as recommended by the 
white paper on HCQ antimalarial HCQ/CQ toxicity [15]. 
Therefore, by including the 2-month after HCQ/CQ initia-
tion period as part of the baseline period, there may have 
been some patients who developed prolonged QTc during 
the baseline period. It is also possible that patients with prior 
QTc prolongation would likely not be captured in our study 
because they would not be initiated on HCQ/CQ. Patients 
who developed TdP and sudden cardiac death who did not 
make it to the hospital, would also not be captured in our 
study. The study population was predominantly White and 
female, limiting generalizability of the results. Future studies 
in more diverse populations compared with non-rheumatic 
disease controls are needed.

In summary, the frequency of ECG testing before and 
after HCQ/CQ prescription was low in a large academic 
medical center prior to the COVID-19 pandemic. This was 
particularly true among women, a population more likely 
to be prescribed HCQ/CQ as they are disproportionately 
affected by rheumatic diseases. As discussed, there were 
limitations to this study including selection bias. There-
fore, to ascertain the true risk of QT prolongation of HCQ/
CQ to inform clinicians in the management of rheumatic 
conditions, future prospective studies are needed.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00296- 022- 05125-0.
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