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Abstract

Introduction Serious cardiac arrhythmias caused by QT-prolonging drugs are difficult to predict based on physiological
measurement and pre-approval clinical trials. Post-marketing surveillance and monitoring are important to generate safety
data.

Objectives To assess whether an observational study using Medicare claims data can detect the arrhythmogenic risk of
QT-prolonging drugs.

Methods We identified 17 QT-prolonging drugs with known risk of torsades des pointes (TdP) that were not used to treat
cardiac arrhythmias. Amoxicillin and four serotonin-norepinephrine reuptake inhibitors (SNRIs) were used as controls.
De-identified claims data of 1.2 million Medicare beneficiaries were accessed. Two separate Cox regressions were done for
short-term and chronic-use drugs. The primary outcome was a composite of ventricular arrhythmias and/or sudden death,
identified by ICD diagnostic codes. We explored the independent effect of each study drug on the outcomes. Other covariates
included patient demographics, comorbidities, and known risk factors for drug-induced cardiac arrhythmia.

Results We were able to detect increased risk in 14 of 17 study drugs (82.3%), and none of the control drugs. Among the
fluoroquinolones, ciprofloxacin was the safest. Azithromycin and clarithromycin were relatively safe compared to erythromy-
cin. Compared to SNRIs, both citalopram and escitalopram had increased risk, more so with escitalopram than citalopram.
Comorbidities associated with increased risk included ischemic heart disease, electrolyte imbalance, bradycardia, acute
myocardial infarction, heart failure, and chronic kidney and liver disease.

Conclusion Medicare data can be utilized for post-marketing surveillance and monitoring of the proarrhythmic risk of QT-

prolonging drugs in older adults.

The Medicare claims database can be a useful resource
in monitoring serious cardiac adverse effects of QT-
prolonging drugs, which are generally difficult to predict
and quantify.

Based on data from 1.2 million Medicare beneficiar-
ies and over 5 million patient-years of follow-up, we
detected an increased risk of some commonly prescribed
>4 Kin Wah Fung drugs including levofloxacin, citalopram, and escitalo-
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pram for ventricular arrhythmia and sudden death.
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1 Introduction

The association of symptomatic cardiac arrhythmia with
QT-prolonging drugs can be traced back to the first report
of syncope in patients receiving quinidine, almost a hun-
dred years ago [1]. It was later found that these dramatic
episodes of syncope were often associated with a spe-
cific pattern of ventricular tachycardia called torsades
des pointes (TdP) [2]. As most of the early cases of TdP
were observed in patients treated for cardiac arrhythmia, it
was assumed that this rare form of arrhythmia was mainly
related to antiarrhythmic treatment drugs. However, the
attitude towards TdP changed radically when it was dis-
covered that common, non-cardiac treatment drugs taken
by millions of patients could also cause QT prolongation
and TdP. This led to tight scrutiny and eventual withdrawal
from the market of some drugs such as terfenadine, astemi-
zole, and cisapride [3]. In the 1990s, the US Food and
Drug Administration (FDA) and the European Medicine
Agency (EMA) began requiring preclinical and clinical
tests for the QT-prolonging potential of developing drugs
[4, 5]. Since 1989, at least 14 clinically important drugs
have been withdrawn from the market due to TdP, with an
unknown number of developing drugs halted due to the
same concern [6]. Over the past two decades, QT prolon-
gation has become one of the most common reasons for
drug withdrawal or relabeling [7]. Recently, in the midst
of the COVID-19 (Coronavirus Disease 2019) pandemic,
the enthusiasm over the use of hydroxychloroquine and
azithromycin as potential prophylaxis or treatment has
raised concerns because both drugs have been known to
cause TdP [8]. After issuing an emergency use authori-
zation for hydroxychloroquine and chloroquine for treat-
ment of hospitalized COVID-19 patients, the FDA had to
issue a drug safety communication recommending against
the use of these drugs outside of the hospital or clinical
trial settings due to inability to monitor for their poten-
tial increased risk for ventricular tachycardia [9]. Sub-
sequently, clinical reports have documented occurrences
of significant QT prolongation and TdP in COVID-19
patients receiving these drugs which, together with the
lack of evidence of therapeutic efficacy, led to revocation
of the emergency use authorization by the FDA [10-13].

Despite stringent pre-marketing requirement for testing,
physiologic measurement of QT prolongation is an unreli-
able predictor of the likelihood of ventricular arrhythmia
[14-16]. Not all QT-prolonging drugs are proarrhythmic
and the absence of QT prolongation is not a guarantee for
safety. In vitro measurement of QT prolongation of a drug
often does not correlate well with the clinical incidence
of arrhythmia. Apart from the pharmacodynamics of the
concerned drug, the likelihood of arrhythmia also depends
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on patient factors such as genetic disposition (e.g., female
gender, congenital long QT syndrome), co-morbidities
(e.g., hypokalemia, bradycardia, structural heart disease)
and interaction with other drugs (e.g., additive effects of
other QT prolongers or pharmacokinetic interactions that
increase drug concentrations, putting patients at increased
risk of QT prolongation) [17-21]. Since it is not possible
to precisely measure the risk that a drug will prolong the
QT interval in an individual patient and thus increase the
risk for TdP, the most reliable predictor of safety for any
QT-prolonging drug is its history of safe administration
across a large number of patients [22]. Therefore, outcome
studies based on large clinical data sets are especially
important to assess the risk of drug-induced arrhythmia
[23].

The risk of specific drugs to cause TdP is difficult to quan-
tify because these events are generally rare and their transient
nature makes them hard to diagnose. One study estimated the
overall incidence of drug-induced TdP to be 2.5 and 4.0 per
million per year for males and females, respectively [24]. It
follows that drug-induced arrhythmia studies based on general
population data will require millions of patients with multi-
year follow-up to have enough statistical power. The claims
data from the US Centers for Medicare and Medicaid Services
(CMS) have been made available for such research [25]. The
main strength of the Medicare data is population coverage. It
is estimated that over 93% of adults age 65 years and over are
enrolled in Medicare, making Medicare data one of the rich-
est sources of healthcare utilization information in the coun-
try [26, 27]. Currently, there are over 45 million Medicare
beneficiaries. The data available to researchers include patient
demographics, diagnoses, procedures, medications, and ser-
vice encounter dates. Data are generally made available within
a year. Patient-level data can be linked across years. We pre-
sent a study using the CMS data to assess the risk of sudden
death and ventricular arrhythmias for a subset of commonly
prescribed non-cardiac treatment QT-prolonging drugs known
to be associated with TdP. We postulate that an observation
study using CMS data is able to emulate clinical studies in
detecting the increased risks of known drugs and potentiat-
ing co-morbidities. New insights can also be gained regarding
the relative risks of drugs within drug classes. To the best of
our knowledge, this is the first study using the CMS data set
to address this particular problem. We present our findings
and discuss potential applications of this approach in post-
marketing surveillance.
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2 Materials and Methods
2.1 Study Population

Our study population came from a 20% random sample of
the Medicare beneficiaries who first enrolled in Medicare
after 1 January 2007 (the first full year of prescription
drug—Part D coverage) and after reaching the age of 65
years (Fig. 1). Individuals became eligible for the study
at their Part D entitlement. In this observational cohort
study, we followed patients from their Part D enrollment
(accounting for left truncation [28]) to their first record of
ventricular arrhythmias (VA), sudden death (SD), death,
switch to a capitated plan, disenrollment from Medicare,
or end of 2016, whichever came first. To ensure that all
patients have been followed up for a meaningful period, we
excluded patients with less than 6 months of follow-up. To
ensure we have full inpatient and outpatient claims data,
we censored patients when they dis-enrolled from Parts
A (hospital insurances) and B (medical insurances). We
used 10 years of de-identified Medicare claims data from
1 January 2007 through 31 December 2016 from the CMS

Fig. 1 Schematic diagram of
cohort and analysis

VRDC (Virtual Research Data Center) system. This study
was exempted from human subject research review by the
Office of Human Subjects Research Protections, National
Institutes of Health.

2.2 Drugs, Controls, and Exposure Definition

We identified select drugs known to have a risk of TdP based
on a list obtained from the CredibleMeds online resource in
February 2019. To date, all of drugs in this study are still
on the list [15, 29]. We chose from drugs that had not been
withdrawn from the US market. These drugs were extracted
using generic names from Part D prescription claims data.
We excluded the antiarrhythmic drugs from our analysis
because one of our outcome events, ventricular arrhyth-
mia, might be the indication for which these drugs were
prescribed. We excluded drugs or drug classes that were
taken by less than 1% of the study population because of
the lack of statistical power. Of the 48 drugs with known
TdP risk, ten had been withdrawn from the US market, nine
were antiarrhythmics and 12 had low usage. The full list of
drugs can be found in the Online Supplementary Material
(OSM), S1. For the remaining 17 drugs, we did separate

20% random sample of all patients >
65 enrolled in Medicare Part D after
1/1/2007

Exposure-outcome analysis for 8
short term QT prolonging drugs
in 4 groups, amoxicillin added as
control for antibiotics

Exposure-outcome analysis for 9
chronic use QT prolonging drugs
in 6 groups, 4 SNRI added as
control for citalopram and
escitalopram

Follow-up until the earliest of:

e OQOutcome event (VA or
SD)

e Death

e Switch to capitated plan

e Disenrollment from

e Medicare Part Aand B
12/31/2016

Exclusion criteria: total follow-
up < 6 months

Follow-up until the earliest of:

e Outcome event (VA or
SD)

e Death

e Switch to capitated plan

e Disenrollment from
Medicare Part A and B

* 12/31/2016

Exclusion criteria: total follow-
up < 6 months

VA - ventricular arrhythmias; SD — sudden death; SNRI - serotonin-norepinephrine reuptake inhibitor
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analyses for short-term versus chronic-usage drugs because
of their different prescription patterns, risk profiles, and pos-
sible cumulative effects. We used 30 days in the median days
of supply (OSM, S2) as the cut-off to distinguish between
short-term and chronic-usage drugs. We studied eight
short-term drugs in one analysis—three fluoroquinolone
antibacterials (ciprofloxacin, levofloxacin, and moxifloxa-
cin, analyzed individually), three macrolide antibacterials
(azithromycin, clarithromycin, and erythromycin, analyzed
individually), one antifungal (fluconazole), and one anti-
emetic (ondansetron). We added amoxicillin as a control for
the antibacterials. We studied nine chronic usage drugs in a
separate analysis—two selective serotonin reuptake inhibitor
(SSRI) antidepressants (citalopram and escitalopram, ana-
lyzed individually), three antipsychotics (haloperidol, thiori-
dazine, and chlorpromazine, analyzed as a group because of
the small number of patients), two phosphodiesterase inhibi-
tors (PDEISs; cilostazol and anagrelide, analyzed as a group
because of the small number of patients), one anti-rheumatic
drug (hydroxychloroquine), and one anti-Alzheimer drug
(donepezil). We added four serotonin-norepinephrine reup-
take inhibitor (SNRI) antidepressants that did not have a
known risk of TdP as control for the SSRI antidepressants.
We matched the selected drugs to the CMS data using their
generic drug names. We only included systemic dose forms
(e.g., tablet, capsule, vial) and excluded topical and non-
systemic dose forms (e.g., ointment, eye drop).

We considered that patients were using a study drug from
the date of dispensing to the end of supply date. To com-
pensate for drug stockpiling (i.e., patients may still be on
a drug even though they have apparently run out, because
they have accumulated excess supply), we added an extra
10 days for short-term drugs and 30 days for chronic-use
drugs after the end of supply date. The extra days repre-
sented the median days of supply for most short-term and
chronic-use drugs, respectively. A patient’s drug use status
was constantly updated throughout the follow-up period
whenever an outcome event occurred. Drug-usage status
was categorized into three mutually exclusive categories as
current, former, and never users based on the time since
last day of supply. For short-term drugs, a patient’s usage
status was defined as current user from the prescription day
to 10 days after the last day of supply. If the prescription
was not renewed, the patient would become a former user.
Never users were patients who never had a prescription for
the drug. For chronic-use drugs, current usage covered the
period from prescription date to within 30 days of the last
day of supply. For chronic-usage drugs, in order to study
the possible cumulative effect, we further divided current
users into two sub-groups: patients with > 12 months or <
12 months of prior cumulative usage. The median days of
supply and daily doses of study and control drugs are avail-
able as OSM, S3.
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2.3 Outcome Events and Co-Morbidities

Our primary outcome was a composite of ventricular
arrhythmias (VAs) and/or sudden death (SD). These events
were identified by diagnosis codes—ICD-9-CM (before
October 2015) and ICD-10-CM (after October 2015),
regardless of whether they were used as the principal or
secondary diagnoses. The respective ICD-9-CM/ICD-
10-CM codes were—VA: Paroxysmal ventricular tachycar-
dia (427.1/147.2), Ventricular fibrillation (427.41/149.01)
and Ventricular flutter (427.42/149.02); SD: Cardiac arrest
(427.5/146.9) and Instantaneous death (798.1, no corre-
sponding code in ICD-10-CM). Since the conditions leading
to cardiac arrest and instantaneous death were heterogeneous
and could include non-cardiac causes, we did a secondary
analysis with VA alone as outcome.

To account for the effect of co-morbidities, we used the
CMS Chronic Conditions Warehouse (CCW) co-morbidity
flags to identify 46 chronic conditions with > 1% prevalence.
Some of these co-morbidities were known to be risk factors
for drug-induced TdP (e.g., heart failure, liver and kidney
diseases). We added two other risk factors not covered by
the CCW flags—electrolyte imbalance (including hypoka-
lemia) and bradycardia, identified by ICD codes. We did not
include congenital long QT syndrome as a covariate in our
analysis because of the low incidence (0.4% of patients).

2.4 Statistical Analysis

For our primary analysis, we used two separate Cox regres-
sion models to explore the independent effect of short-term
and chronic-usage drugs on the outcomes. To account for
demographic, socioeconomic, and geographic variations, we
included these patient characteristics as co-variates—gen-
der, race, degree of low-income subsidy (as a surrogate for
income), rural residence indicator, and year of Part D entry
(as a surrogate for age, since most patients enrolled at 65
years of age). We also included all the CCW co-morbidity
flags described above as proxies for a patient’s medical bur-
dens and TdP risk. To minimize the immortal time bias we
treated all drug usage and patient characteristics (except gen-
der, race, and year of Part D entry) as time-varying covari-
ates [30, 31]. This means that drug-usage status is deter-
mined repeatedly at each event time throughout the analysis,
based on prescription history at that time. At any point in
time, a patient can be only one of current, former, or past
user for a particular drug, but their usage status will change
with time. We did not consider drug dosage as a covariate
because of sample-size limitation. To compensate for the
imbalance in covariate distribution among drug groups, we
used a propensity score (PS) weighting method. We derived
two sets of PS weightings for short-term and chronic drug-
usage patterns. Creating all possible combinations of drugs
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would significantly reduce the sample size in each group.
We decided on four mutually exclusive treatment groups
for short term drugs: (1) only antibiotics, (2) only non-
antibiotics, (3) both antibiotics and non-antibiotics, and
(4) none. Then we estimated PS for the treatment groups
based on patient demographics and co-morbidities, using
a multinomial logistic regression [32]. Similarly, we used
seven mutually exclusive groups for the chronic-usage drugs:
(1) antidepressants only, (2) antipsychotics only, (3) PDE3
inhibitors only, (4) hydroxychloroquine only, (5) donepezil
only, (6) any combination of the five groups, and (7) none.
Patient characteristics before and after PS adjustment are
available as OSM, S4, S5a, and S5b. Cox regression analy-
ses were weighted by the inverse propensity score [33]. To
assess the impact of possible immortal time bias due to the
exclusion of patients with less than 6 months’ follow-up, we
did a sensitivity analysis without this exclusion. All analyses
were performed using SAS Enterprise Guide software.

3 Results
3.1 Study Population

From our 20% random sample of Medicare enrollees,
1,265,921 patients satisfied all our selection criteria
(Table 1). Starting with their part D enrollment, these
patients had a median follow-up of 3.7 years, giving a total
of 5,120,909 patient-years. Follow-up ended when they
developed an outcome event (3.1%), died (4.2%), switched
to a capitated plan (13.9%), or reached the end of our study
(78.9%). The proportion of female was 58.5%. Non-Hispanic
White and African American made up 81.4% and 7.2%,
respectively. About 19% of patients were of low income,
either dually enrolled to Medicare and Medicaid, or receiv-
ing a low-income subsidy. Rural residents made up 22.8%.
Among the short-term study drugs, azithromycin was the
most common and used by 35.3% of patients. The control
drug amoxicillin was used by 40%. Among the chronic usage
study drugs, citalopram was the most common (6.1%) fol-
lowed by escitalopram (5.1%). The SNRI antidepressant
control drugs were used by 6.8% of patients. The three most
commonly observed proarrhythmic co-morbidities were
ischemic heart disease (28.3%), hypothyroidism (20.7%),
and chronic kidney disease (19.1%).

3.2 Short-Term Drugs

Among the fluoroquinolones, levofloxacin and moxifloxa-
cin both showed increased risks for the primary outcome,
i.e., VA and/or SD. Levofloxacin use increased the risk by
51% (hazard ratio (HR) = 1.51; 95% confidence interval
(CI) 1.44-1.57) compared to never users, 63% (HR 1.63;

95% CI 1.56-1.70) compared to former users, and 51% (HR
1.51; 95% CI 1.42-1.61) compared to amoxicillin controls
(Table 2). Moxifloxacin use increased the risk by 23% (HR
1.23;95% CI 1.03-1.45) compared to never users, 35% (HR
1.35; 95% CI 1.13-1.60) compared to former users, and 23%
(HR 1.23;95% CI 1.03-1.46) compared to amoxicillin con-
trols. Ciprofloxacin use increased risk by 30% (HR 1.30;
95% CI 1.24-1.36) compared to former users, but no differ-
ence from amoxicillin controls or never users.

Among the macrolides, erythromycin had increased risk
of 63% (HR 1.63; 95% CI 1.32-2.02) compared to never
users, 95% (HR 1.95; 95% CI 1.57-2.43) compared to former
users, and 63% (HR 1.63; 95% CI 1.23-2.03) compared to
amoxicillin controls. The only significant result for azithro-
mycin user was an increased risk of 22% (HR 1.22; 95% CI
1.16-1.28) when compared to former users. For clarithromy-
cin, there was a 21% (HR 0.79; 95% CI 0.66-0.95) reduced
risks compared to never users and a 21% (HR 0.79; 95% CI
0.66—-0.96) reduced risk compared to amoxicillin controls,
and no significant difference from former users.

For the control antibiotic amoxicillin, current users was
not associated with increased or decreased risk when com-
pared to never users. There was an increased risk of 24%
(HR 1.24; 95% CI 1.19-1.29) compared with former users.

Both fluconazole and ondansetron showed increased
risks. Fluconazole use increased the risk by 123% (HR 2.23;
95% CI 2.15-2.32) compared to never users and 58% (HR
1.58; 95% CI 1.53-1.65) compared to former users. Ondan-
setron use increased the risk by 205% (HR 3.05; 95% CI
2.96-3.14) compared to never users and 77% (HR 1.77; 95%
CI 1.72-1.83) compared to former users.

As for demographic factors, being female reduced the
risk by 30% (HR 0.70; 95% CI 0.69-0.70, see Sect. 4 for
interpretation in relation to drug usage). Younger patients
(newer enrollment to Part D) had reduced risk. The risk was
increased for African Americans by 13% (HR 1.13; 95% CI
1.11-1.14), while other races had decreased risks compared
to Whites. Lower income (either dually enrolled for Medi-
care and Medicare or on low-income subsidy) was associ-
ated with increased risk while rural residence had a small
protective effect. All the known proarrhythmic co-morbidi-
ties (except hypothyroidism) were associated with increased
risks. Among other commonly occurring co-morbidities that
were not specifically identified as proarrhythmic, hyperten-
sion, anemia, diabetes, depression, and obesity were associ-
ated with increased risks.

For the secondary outcome (i.e., VA only), the trends
generally mirrored the primary outcome (i.e., VA and
SD). The exceptions were that the following compari-
sons became non-significant: moxifloxacin current ver-
sus never user, clarithromycin versus amoxicillin, African
American versus White, and other ethnicity versus White.
Three comparisons that showed no effect on VA and SD
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Table 1 Study population,
drugs, and co-morbidities

No. of patients (%)

Total
Follow-up ended at
1. Ventricular arrhythmias (VA) and/or sudden death (SD)
2. Death
3. Switch to capitated plan
4. Disenrollment from Medicare or end of study

1,265,921 (100)

38,911 (3.1)
52,979 (4.2)
175,829 (13.9)
994,202 (78.9)

**Median length of follow-up 3.7 years, total 5,120,909 patient-years, median age at part D entry 65.0

years, median age at end of follow-up 69.4 years
Demographics
Female
White
African American
Hispanic
Asian
Other
Dual Medicare and Medicaid
Non-dual, on low-income subsidy
Rural residence
Drug exposure—short-term drugs
Ciprofloxacin
Levofloxacin
Moxifloxacin
Azithromycin
Clarithromycin
Erythromycin
Fluconazole
Ondansetron
Amoxicillin (control)
Drug exposure—chronic-usage drugs
Citalopram
Escitalopram
Antipsychotics
Phosphodiesterase (PDE3) inhibitors
Hydroxychloroquine
Donepezil
SNRI antidepressants (control)
Proarrhythmic risk factors
Ischemic heart disease
Hypothyroidism
Chronic kidney disease

741,024 (58.5)
1,029,962 (81.4)
90,865 (7.2)
69,848 (5.5)
32,152 (2.5)
43,094 (3.4)
207,021 (16.4)
32,776 (2.6)
288,307 (22.8)

343,320 (27.1)
239,083 (18.9)
26,528 (2.1)
446,943 (35.3)
54,805 (4.3)
11,695 (0.9)
116,539 (9.2)
116,149 (9.2)
505,805 (40)

77,558 (6.1)
65,142 (5.1)
5,359 (0.4)

7,711 (0.6)

17,201 (1.4)
19,853 (1.6)
86,098 (6.8)

358,876 (28.3)
262,066 (20.7)
241,813 (19.1)

Bradycardia 173,661 (13.7)
Electrolyte imbalance (including hypokalemia) 156,606 (12.4)
Heart failure 142,555 (11.3)
Liver disease and cirrhosis 85,854 (6.8)
Acute myocardial infarction 25,561 (2.0)
showed reduced risk for VA only: ciprofloxacin cur-  sensitivity analysis without exclusion of patients with <

rent versus never user, amoxicillin current versus never 6 months’ follow-up showed no significant change in the

user, and clarithromycin current versus former user. The  results.
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Table 2 Results for short-term
drugs

VA and/or SD VA
HR (95% CI) HR (95% CI)

Treatment category Reference group

Current vs. never user
Ciprofloxacin current user
Levofloxacin current user
Moxifloxacin current user
Azithromycin current user
Clarithromycin current user
Erythromycin current user
Amoxicillin (control) current user
Fluconazole current user
Ondansetron current user

Antibiotics vs. control
Ciprofloxacin current user
Levofloxacin current user
Moxifloxacin current user
Azithromycin current user
Clarithromycin current user
Erythromycin current user

Current vs. former use
Ciprofloxacin current user
Levofloxacin current user
Moxifloxacin current user
Azithromycin current user
Clarithromycin current user
Erythromycin current user
Amoxicillin current user
Fluconazole current user
Ondansetron current user

Demographics
Female
Part D since 2008
Part D since 2009
Part D since 2010
Part D since 2011
Part D since 2012
Part D since 2013
Part D since 2014
Part D since 2015
African American
Hispanic
Asian
Other
Ever dual
Non-dual, LIS
Living in rural areas

Proarrhythmic risk factors
Ischemic heart disease
Hypothyroidism
Chronic kidney disease
Bradycardia
Electrolyte imbalance (including hypoka-

lemia)
Heart failure
Liver disease and cirrhosis

Acute myocardial infarction

Never user
Never user
Never user
Never user
Never user
Never user
Never user
Never user

Never user

Amoxicillin current user
Amoxicillin current user
Amoxicillin current user
Amoxicillin current user
Amoxicillin current user

Amoxicillin current user

Former user
Former user
Former user
Former user
Former user
Former user
Former user
Former user

Former user

Male

Part D since 2007
Part D since 2007
Part D since 2007
Part D since 2007
Part D since 2007
Part D since 2007
Part D since 2007
Part D since 2007
White

White

White

White

Non dual no LIS
Non dual no LIS

1.00 (0.95-1.05)
1.51 (1.44-1.57)
1.23 (1.03-1.45)
0.98 (0.93-1.03)
0.79 (0.66-0.95)
1.63 (1.32-2.02)
1.00 (0.96-1.04)
223 (2.15-2.32)
3.05 (2.96-3.14)

1.00 (0.94-1.07)
1.51 (1.42-1.61)
1.23 (1.03-1.46)
0.98 (0.92-1.05)
0.79 (0.66-0.96)
1.63 (1.32-2.03)

1.30 (1.24-1.36)
1.63 (1.56-1.70)
1.35 (1.13-1.60)
1.22 (1.16-1.28)
0.85 (0.71-1.02)
1.95 (1.57-2.43)
1.24 (1.19-1.29)
1.58 (1.53-1.65)
1.77 (1.72-1.83)

0.70 (0.69-0.70)
0.98 (0.96-1.00)
0.98 (0.96-1.00)
0.87 (0.85-0.88)
0.84 (0.82-0.85)
0.78 (0.76-0.79)
0.67 (0.66-0.69)
0.58 (0.57-0.59)
0.59 (0.57-0.61)
1.13 (1.11-1.14)
0.78 (0.77-0.80)
0.81 (0.78-0.84)
0.96 (0.93-0.99)
1.04 (1.03-1.06)
1.45 (1.42-1.48)
0.98 (0.97-0.99)

1.80 (1.78-1.82)
0.97 (0.96-0.98)
1.35 (1.33-1.36)
1.53 (1.52-1.55)
1.24 (1.22-1.26)

2.44 (2.41-2.47)
115 (1.13-1.17)
1.19 (1.17-1.22)

0.93 (0.87-0.99)
1.28 (1.20-1.36)
1.18 (0.95-1.47)
0.99 (0.93-1.05)
0.73 (0.58-0.92)
1.83 (1.42-2.36)
0.93 (0.88-0.98)
2.07 (1.97-2.17)
2.99 (2.88-3.10)

1.00 (0.92-1.09)
1.38 (1.27-1.50)
1.28 (1.02-1.60)
1.07 (0.98-1.16)
0.79 (0.62-1.00)
1.98 (1.52-2.56)

1.21 (1.14-1.29)
1.43 (1.35-1.52)
1.36 (1.09-1.69)
1.21 (1.13-1.28)
0.76 (0.60-0.96)
2.09 (1.61-2.73)
1.14 (1.08-1.21)
1.45 (1.38-1.52)
1.83 (1.76-1.90)

0.70 (0.69-0.71)
1.01 (0.99-1.03)
0.91 (0.89-0.94)
0.87 (0.85-0.90)
0.82 (0.80-0.85)
0.76 (0.74-0.78)
0.64 (0.62-0.66)
0.56 (0.55-0.58)
0.58 (0.56-0.60)
1.02 (1.00-1.05)
0.71 (0.69-0.73)
0.73 (0.70-0.77)
0.97 (0.93-1.01)
0.98 (0.96-1.00)
1.10 (1.07-1.14)
0.91 (0.90-0.92)

2.05 (2.02-2.08)
0.98 (0.96-1.00)
1.19 (1.17-1.21)
1.82 (1.79-1.85)
1.17 (1.15-1.19)

2.75 (2.71-2.80)
1.13 (1.11-1.16)
1.17 (1.14-1.21)
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Table 2 (continued)
sidy

3.3 Chronic-Usage Drugs

Both SSRI antidepressants increased the risk for VA and
SD. Current users of citalopram had increased risk of 14%
(HR 1.14; 95% CI 1.11-1.16) compared to former users,
6% (HR 1.06; 95% CI 1.03-1.08) compared to SNRI (our
control antidepressant) current users, and 3% (HR 1.03; 95%
CI 1.02-1.05) compared to never users (Table 3). The risk
was generally higher with escitalopram. Current users of
escitalopram had increased risk of 31% (HR 1.31; 95% CI
1.28-1.35) compared to former users, 21% (HR 1.21;95% CI
1.18-1.23) compared to SNRI current users, and 18% (HR
1.18; 95% CI 1.16-1.20) compared to never users. When
current users were stratified according to the cumulative
length of use, the risk was reduced for patients with cumula-
tive use of 12 months or more. Compared to never users, the
risk for current users of citalopram flipped from an increase
of 23% (HR 1.23; 95% CI 1.20-1.26) in patients with less
than 12 months of cumulative usage to a 14% (HR 0.86;
95% CI 0.85-0.88) risk reduction for patients with cumula-
tive use of over 12 months. The same pattern was observed
when citalopram was compared to SNRI, with risk flipping
from an increase of 27% (HR 1.27; 95% CI 1.23-1.31) to
a reduction of 12% (HR 0.88; 95% CI 0.85-0.90) with pro-
longed use of both drugs. For escitalopram, compared to
never users, the increased risk dropped from 34% (HR 1.34;
95% CI11.31-1.37) to 4% (HR 1.04; 95% CI 1.01-1.06) with
over 12 months of cumulative use. Compared to SNRIs, the
increased risk of current users of escitalopram dropped from
39% (HR 1.39; 95% CI 1.34-1.43) to 5% (HR 1.05; 95% CI
1.02-1.08) with prolonged use. Direct comparison of citalo-
pram and escitalopram current users showed citalopram to
be safer, with a reduction of risk of 13% (HR 0.87; 95% CI
0.86-0.89). The same trend was observed irrespective of the
duration of cumulative use. As for SNRIs (the control drug
for SSRI antidepressants), there was no consistent signal
of increased or decreased risk. There was a minute reduc-
tion of risk of 2% (HR 0.98; 95% CI 0.96-0.99) in current
users compared to never users, which was not observed for
patients with over 12 months of cumulative use. Compared
to never users, current users of SNRIs with less than 12
months of cumulative use had a slight reduction of risk of
3% (HR 0.97; 95% CI 0.94-0.99) for VA and SD, but an
increase of risk of 3% (HR 1.03; 95% CI 1.00-1.06) for VA
only.

For the antipsychotics, current users had an increased
risk of 42% (HR 1.42; 95% CI 1.39-1.45) compared to for-
mer users, and an increased risk of 118% (HR 2.18; 95% CI
2.15-2.22) compared to never users. Similarly, for PDEIs,
current users had an increased risk of 53% (HR 1.53; 95%
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VA ventricular arrhythmia, SD sudden death, HR hazard ratio, CI confidence interval, LIS low-income sub-

CI 1.51-1.55) compared to former users, and an increased
risk of 156% (HR 2.56; 95% CI 2.53-2.59) compared to
never users. Similar to SSRI antidepressants, for both antip-
sychotics and PDEISs, the risks seemed to be mitigated with
longer cumulative use. For hydroxychloroquine, there was
an increased risk of 68% (HR 1.68; 95% CI 1.66—1.71) when
comparing current to never users, but no significant differ-
ence when compared with former users. For donepezil, there
was an increased risk of 43% (HR 1.43;95% CI 1.41-1.45)
when comparing current to never users, but there was a
decreased risk of 13% (HR 0.87; 95% CI 0.86-0.88) when
compared with former users.

Females had a 31% (HR 0.69; 95% CI 0.68-0.70 reduc-
tion in risk, see Sect. 4). Younger patients (newer enroll-
ment to Part D) had reduced risk. African Americans had
an increased risk of 22% (HR 1.22;95% CI 1.21-1.24) com-
pared to Whites, while Hispanics and Asians had reduced
risks of 23% (HR 0.77; 95% CI 0.75-0.78) and 45% (HR
0.55; 95% CI 0.53-0.57), respectively. Lower income was
associated with increased risk, while rural residence was
associated with decreased risk.

All the specific proarrhythmic risk factors were asso-
ciated with increased risks. Among other co-morbidities,
hypertension, anemia, and diabetes were associated with
increased risks.

Results for the secondary outcome (VA alone) were
mostly in agreement with the primary outcome, but with
a smaller effect size. One notable exception was that for
hydroxychloroquine current users compared to former
users, there was a reduction in risk of 14% (HR 0.86; 95%
CI 0.84-0.88) for the secondary outcome while no difference
was observed for the primary outcome. Electrolyte imbal-
ance was associated with a slightly reduced risk for the sec-
ondary outcome. The sensitivity analysis without exclusion
of patients with < 6 months’ follow-up showed no significant
change in the results.

4 Discussion

Our study shows that CMS claims data can be a useful
resource for detecting and monitoring serious arrhythmic
events in QT-prolonging drugs. Among 17 drugs with
known TdP risks, we are able to show increased risk in
five of eight short-term drugs and all of nine chronic-use
drugs. All control drugs (amoxicillin and SNRIs) were cor-
rectly identified as risk neutral. All the known patient fac-
tors for drug-induced TdP were correctly identified. In the
US, Medicare is available to all citizens over 65 years of
age, who are among the most vulnerable to QT prolongation
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Table 3 Results for chronic-usage drugs

Treatment category

Reference group

VA and/or SD
HR (95% CI)

VA
HR (95% CI)

Current vs. never user
Citalopram current user, all
Citalopram current user, CU < 12 mo
Citalopram current user, CU > 12 mo
Escitalopram current user, all
Escitalopram current user, CU < 12 mo
Escitalopram current user, CU > 12 mo
SNRI (control) current user, all
SNRI (control) current user, CU < 12 mo
SNRI (control) current user, CU > 12 mo
Antipsychotic current user, all
Antipsychotic current user, CU < 12 mo
Antipsychotic current user, CU > 12 mo
PDEI current user, all
PDEI current user, CU < 12 mo
PDEI current user, CU > 12 mo
Hydroxychloroquine current user, all

Hydroxychloroquine current user, CU < 12 mo
Hydroxychloroquine current user, CU > 12 mo

Donepezil current user, all

Donepezil current user, CU < 12 mo

Donepezil current user, CU > 12 mo
Antidepressants comparison

Citalopram current user, all

Escitalopram current user, all

Citalopram current user, all

Citalopram current user, CU < 12 mo

Citalopram current user, CU > 12 mo

Citalopram current user, all

Citalopram current user, CU < 12 mo

Citalopram current user, CU > 12 mo

Escitalopram current user, all

Escitalopram current user, CU < 12 mo

Escitalopram current user, CU > 12 mo
Current vs. former use of other drugs

Antipsychotic current user, all

PDEI current user, all

Hydroxychloroquine current user, all

Donepezil current user, all
Demographics

Female

Part D since 2008

Part D since 2009

Part D since 2010

Part D since 2011

Part D since 2012

Part D since 2013

Part D since 2014

Part D since 2015

Never user
Never user
Never user
Never user
Never user
Never user
Never user
Never user
Never user
Never user
Never user
Never user
Never user
Never user
Never user
Never user
Never user
Never user
Never user
Never user

Never user

Citalopram former user

Escitalopram former user

Escitalopram current user, all
Escitalopram current user, CU < 12 mo
Escitalopram current user, CU > 12 mo
SNRI current user. all

SNRI current user, CU < 12 mo

SNRI current user, CU > 12 mo

SNRI current user, all

SNRI current user, CU < 12 mo

SNRI current user, CU > 12 mo

Former user
Former user
Former user

Former user

Male

Part D since 2007
Part D since 2007
Part D since 2007
Part D since 2007
Part D since 2007
Part D since 2007
Part D since 2007
Part D since 2007

1.03 (1.02-1.05)
1.23 (1.20-1.26)
0.86 (0.85-0.88)
1.18 (1.16-1.20)
1.34 (1.31-1.37)
1.04 (1.01-1.06)
0.98 (0.96-0.99)
0.97 (0.94-0.99)
0.99 (0.97-1.00)
2.18 (2.15-2.22)
2.62 (2.57-2.68)
1.81 (1.77-1.86)
2.56 (2.53-2.59)
3.16 (3.11-3.20)
2.08 (2.05-2.11)
1.68 (1.66-1.71)
1.68 (1.64-1.71)
1.69 (1.67-1.72)
1.43 (1.41-1.45)
1.59 (1.57-1.62)
1.29 (1.27-1.31)

1.14 (1.11-1.16)
1.31 (1.28-1.35)
0.87 (0.86-0.89)
0.92 (0.89-0.95)
0.83 (0.81-0.86)
1.06 (1.03-1.08)
1.27 (1.23-1.31)
0.88 (0.85-0.90)
1.21 (1.18-1.23)
1.39 (1.34-1.43)
1.05 (1.02-1.08)

1.42 (1.39-1.45)
1.53 (1.51-1.55)
0.99 (0.97-1.00)
0.87 (0.86-0.88)

0.69 (0.68-0.70)
0.93 (0.92-0.95)
0.93 (0.91-0.94)
1.01 (1.00-1.03)
0.92 (0.91-0.94)
0.73 (0.72-0.74)
0.99 (0.97-1.00)
0.63 (0.62-0.64)
0.55 (0.54-0.56)

—

0.99 (0.97-1.01)
1.05 (1.02-1.09)
0.93 (0.90-0.95)
1.16 (1.14-1.19)
1.26 (1.22-1.30)
1.08 (1.05-1.11)
1.02 (1.00-1.04)
1.03 (1.00-1.06)
1.01 (0.98-1.03)
2.36 (2.31-2.41)
3.53 (3.44-3.62)
1.57 (1.52-1.63)
2.97 (2.93-3.01)
3.90 (3.83-3.96)
2.26 (2.22-2.30)
1.55 (1.52-1.58)
1.54 (1.50-1.58)
1.56 (1.53-1.59)
1.34 (1.31-1.36)
1.30 (1.27-1.33)
1.38 (1.34-1.41)

1.04 (1.01-1.07)
1.26 (1.22-1.30)
0.85 (0.83-0.88)
0.84 (0.80-0.88)
0.86 (0.83-0.90)
0.97 (0.95-1.00)
1.03 (0.98-1.07)
0.92 (0.89-0.95)
1.14 (1.11-1.18)
1.22 (1.17-1.27)
1.07 (1.03-1.11)

2.19 (2.13-2.25)
2.08 (2.05-2.12)
0.86 (0.84-0.88)
0.92 (0.90-0.94)

0.70 (0.69-0.70)
0.81 (0.79-0.82)
0.85 (0.84-0.87)
0.94 (0.92-0.95)
0.68 (0.67-0.70)
0.58 (0.57-0.59)
0.87 (0.85-0.89)
0.48 (0.47-0.49)
0.50 (0.49-0.52)
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Table 3 (continued)
Treatment category Reference group VA and/or SD VA

HR (95% CI) HR (95% CI)

African American

Hispanic

Asian

Other

Ever dual

Non-dual, LIS

Living in rural areas
Proarrhythmic risk factors

Ischemic heart disease

Hypothyroidism

Chronic kidney disease

Bradycardia

Electrolyte imbalance (including hypokalemia)

Heart failure

Liver disease and cirrhosis

Acute myocardial infarction

White

White

White

White

Non-dual no LIS
Non-dual no LIS
No

1.22 (1.21-1.24)
0.77 (0.75-0.78)
0.55 (0.53-0.57)
1.61 (1.58-1.64)
1.03 (1.02-1.04)
1.60 (1.57-1.62)
0.92 (0.91-0.93)

1.54 (1.53-1.55)
1.03 (1.02-1.04)
1.52 (1.51-1.53)
1.50 (1.48-1.51)
1.07 (1.06-1.08)
2.84 (2.82-2.87)
1.48 (1.46-1.49)
1.31 (1.29-1.33)

1.11 (1.09-1.13)
0.71 (0.69-0.72)
0.37 (0.35-0.39)
1.15 (1.12-1.18)
1.04 (1.02-1.05)
1.26 (1.23-1.28)
0.77 (0.76-0.78)

1.75 (1.73-1.77)
1.02 (1.01-1.03)
1.45 (1.44-1.47)
1.81 (1.79-1.83)
0.97 (0.96-0.98)
3.21 (3.18-3.25)
1.61 (1.59-1.63)
1.27 (1.25-1.29)

VA ventricular arrhythmia, SD sudden death, HR hazard ratio, CI confidence interval, CU cumulative use, mo months, LIS low-income subsidy,
SNRI serotonin-norepinephrine reuptake inhibitor, PDEI phosphodiesterase inhibitor

and its deadly consequences. Medicare beneficiaries, once
enrolled, generally stay within the system, making longitu-
dinal follow-up possible to detect rare events. It is estimated
that 74% of Medicare beneficiaries are enrolled in Part D
[34]. Our study included over 1.2 million patients with over
5 million patient-years of follow-up, which is among the
largest of its kind.

Among the fluoroquinolones, our findings suggest that
ciprofloxacin is the safest. Levofloxacin and moxifloxacin
are both associated with increased risk of VA and/or SD
in all comparisons (former users, never users, and amoxi-
cillin controls). This is in line with the finding that both
drugs cause QT prolongation in humans to a similar degree,
more so than ciprofloxacin [22]. Ciprofloxacin is the weakest
hERG (human ether-a-go-go-related gene) potassium chan-
nel blocker among the fluoroquinolones, which is considered
the underlying mechanism for QT prolongation. In a large
retrospective study, levofloxacin was found to be associated
with significant increase in cardiovascular mortality and car-
diac arrhythmia [35]. Both levofloxacin and moxifloxacin
carry specific warnings about QT prolongation and VA in
their product labels. In our study, ciprofloxacin is similar to
amoxicillin in that there is only increased risk compared to
former users, which could be an indication bias since anti-
biotics are prescribed for acute infective diseases that could
increase the likelihood of adverse outcomes.

Among the macrolides, we did not find increased risk
with azithromycin and clarithromycin. Erythromycin is
consistently associated with increased risk in our study.
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Multiple studies have placed erythromycin as the high-
est risk for cardiac arrhythmias among the macrolides
[36-39]. Between azithromycin and clarithromycin, it is
not clear which is safer. Other studies show conflicting
results [37-42]. In our study, clarithromycin has even less
risk than amoxicillin, which can be due to indication bias.
Clarithromycin is the only macrolide indicated as combi-
nation therapy for eradication of Helicobacter pylori in
patients with peptic ulcer diseases who do not have an
acute infection like patients on other antibiotics.

As for the two non-antibiotic short-term drugs, flucona-
zole and ondansetron, our results show strong signals for
their increased risks of 123-205% and 58-77% when com-
pared to never and former users, respectively.

Among the chronic-usage drugs, we show that both
SSRI antidepressants, citalopram and escitalopram, have
increased risks in all comparisons—never users, former
users, and SNRI controls. Escitalopram is associated with
higher risk than citalopram. This is in agreement with two
meta-analyses [43, 44]. Our findings are not in support of
the appeal to favor escitalopram over citalopram based
on the smaller degree of QT prolongation on therapeu-
tically equivalent doses [45]. However, according to the
drug labels, QT prolongation and TdP are specifically
mentioned as warnings only for citalopram and not escit-
alopram. As for antipsychotics, our results show increased
risk in comparison with former and never users, which is
consistent with other studies [23].
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Table 4 Effect of sex on Female Male
outcome
Ventricular arrhythmia and/or sudden

death

Overall 2.33% 4.12%

On any study drug 2.47% 4.24%

Not on study drug 1.92% 3.29%

OR

Ventricular arrhythmia
Overall
On any study drug
Not on study drug
OR

1.30 (95% CI 1.25-1.34)

1.10 (95% CI 1.07-1.13)

1.58% 291%
1.65% 2.98%
1.36% 2.78%

1.22 (95% CI 1.16-1.27)

1.07 (95% CI 1.04-1.11)

OR odds ratio, CI confidence interval

Another interesting finding in our study is the effect
of length of use of chronic drugs on risk levels. In all the
chronic-usage drugs that are shown to have increased risks,
the effect is lower in patients who have cumulative use of
over 12 months. This shows that there is no evidence for
cumulative effect in prolonged use. Several studies have
shown that arrhythmogenic risks for long-term drugs are
higher when the drugs are first started compared to steady
users [23, 46]. It is unclear whether and how patients become
less vulnerable to the cardiac side effects of the drugs on
prolonged use. It is possible that patients who suffer from
severe side effects early in their treatment have stopped tak-
ing the drug and never become prolonged users. Immortal
time bias can also be a factor since patients have to live for
12 months to qualify as a prolonged user.

Although drug-induced TdP is sometimes regarded as an
idiosyncratic event, females are considered to be more sus-
ceptible [47]. This apparently contradicts our findings. How-
ever, this has to be interpreted with care. The events we are
observing, VA and SD, can have other causes besides drug-
induced arrhythmia. Many of the non-drug-related causes
(e.g., coronary heart disease) are more common in males.
In our study, both VA and SD are overall more common in
males, as shown in Table 4. This explains the overall lower
hazard ratios for females in our regression models. However,
for patients taking any of the study drugs, the odds ratios
(ORs) for VA and SD [OR for female 1.30 (CI 1.25-1.34) vs.
male 1.10 (CI 1.07-1.13)] and VA [OR for female 1.22 (CI
1.16-1.27) vs. male 1.07 (CI 1.04-1.11)] are significantly
higher for females. This suggests that being female increases
the risk of drug-induced arrhythmia.

Some known co-morbidities that increase the risk for
drug-induced TdP are confirmed in our study. They include
ischemic heart disease, electrolyte imbalance and hypoka-
lemia, bradycardia, acute myocardial infarction, heart fail-
ure, and chronic kidney and liver disease.

As with other observational studies based on claims
data, misclassification errors are a potential problem. Our
study relies on ICD codes to identify the outcome events
of ventricular arrhythmias and sudden death. This is not
a foolproof method, but is a common method and has
been shown to give a reasonably high positive predictive
value of 85% (95% CI 78-91) for identifying ventricular
arrhythmias and sudden death not due to extrinsic (e.g.,
traumatic) causes [23, 48].

We recognize the following additional limitations. We
have used propensity score weighting to compensate for
potential bias, but there could be other unadjusted con-
founders. The outcome events we studied, VA and SD,
are heterogeneous conditions of which drug-induced TdP
is only one of the possible causes. There are other factors
that affect the risk of QT-prolonging drugs, such as dosage
and drug-drug interactions, which we have not covered in
our study.

5 Conclusion

Medicare data can be utilized to perform post-marketing
surveillance and monitoring of the proarrhythmic risk of
QT-prolonging drugs. We are able to detect increased risk
for ventricular arrhythmia and sudden death in 14 out of
17 drugs with known TdP risk, as distinct from control
drugs that are not associated with increased risk. Cipro-
floxacin is the safest fluoroquinolone. Both azithromycin
and clarithromycin are safe among the macrolides. Esci-
talopram is associated with higher risk than citalopram,
and both drugs have increased risk compared to SNRIs.
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