Open access Research

Association of oral ciprofloxacin,
levofloxacin, ofloxacin and moxifloxacin
with the risk of serious ventricular
arrhythmia: a nationwide cohort study

BM)J Open

To cite: Cho Y, Park HS.
Association of oral ciprofloxacin,
levofloxacin, ofloxacin

and moxifloxacin with the

risk of serious ventricular
arrhythmia: a nationwide cohort
study in Korea. BMJ Open
2018;8:€020974. doi:10.1136/
bmjopen-2017-020974

» Prepublication history and
additional material for this
paper are available online. To
view these files, please visit
the journal online (http://dx.doi.
org/10.1136/bmjopen-2017-
020974).

Received 6 December 2017
Revised 15 June 2018
Accepted 23 August 2018

| '.) Check for updates

© Author(s) (or their
employer(s)) 2018. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

1Department of Emergency
Medicine, College of Medicine,
Hanyang University, Seoul,
Republic of Korea
%Department of Emergency
Medicine, Jeju National
University School of Medicine,
Jeju, Republic of Korea

Correspondence to
Professor Hyun Soo Park;
phs0331@gmail.com

in Korea

Yongil Cho,! Hyun Soo Park?

ABSTRACT

Objective To evaluate whether oral ciprofloxacin,
levofloxacin, ofloxacin and moxifloxacin increase the risk
of ventricular arrhythmia in Korea’s general population.
Design Population-based cohort study using
administrative claims data on a national scale in Korea.
Setting All primary, secondary and tertiary care settings
from 1 January 2015 to 31 December 2015.
Participants Patients who were prescribed the relevant
study medications at outpatient visits.

Primary outcome measures Each patient group that
was prescribed ciprofloxacin, levofloxacin, ofloxacin

or moxifloxacin was compared with the group that

was prescribed cefixime to assess the risk of serious
ventricular arrhythmia (ventricular tachycardia, fibrillation,
flutter and cardiac arrest). Using logistic regression
analysis with inverse probability of treatment weighting
using the propensity score, OR and 95% Cl for serious
ventricular arrhythmia were calculated for days 1-7 and
8-14 after the patients commenced antibiotic use.
Results During the study period, 4 888 890 patients
were prescribed the study medications. They included

1 466 133 ciprofloxacin users, 1 141 961 levofloxacin
users, 1 830 786 ofloxacin users, 47 080 moxifloxacin
users and 402 930 cefixime users. Between 1 and

7 days after index date, there was no evidence of
increased serious ventricular arrhythmia related to the
prescription of ciprofloxacin (OR 0.72; 95% Cl 0.49 to
1.06) and levofloxacin (OR 0.92; 95% Cl 0.66 to 1.29).
Ofloxacin had a 59% reduced risk of serious ventricular
arrhythmia compared with cefixime during 1-7 days
after prescription. Whereas the OR of serious ventricular
arrhythmia after the prescription of moxifloxacin was 1.87
(95% Cl 1.15 to 3.11) compared with cefixime during 1-7
days after prescription.

Conclusions During 1-7 days after prescription,
ciprofloxacin and levofloxacin were not associated with
increased risk and ofloxacin showed reduced risk of
serious ventricular arrhythmia. Moxifloxacin increased the
risk of serious ventricular arrhythmia.

INTRODUCTION
Fluoroquinolones are a broad-spectrum
antibiotics prescribed for many infectious

Strengths and limitations of this study

» This was a nationwide population-based study that
included 4 888 890 patients who were prescribed
oral fluoroquinolone or cefixime.

» This is the largest study to date evaluating the as-
sociation between oral fluoroquinolone use and se-
rious ventricular arrhythmia.

» This study adjusted the underlying characteristics
and indications of the antibiotics for both the fluo-
roquinolone and cefixime groups using propensity
score weighting.

» This study reflected no baseline health information,
such as laboratory or ECG data, because we used
health claims data.

» The number of deaths that occurred during the fol-
low-up period could not be investigated.

diseases. Common adverse effects of fluoro-
quinolones include gastrointestinal symp-
toms, such as diarrhoea and nausea, and
central nervous system side effects, such as
headaches and dizziness." These side effects
are mild, and fluoroquinolone use is mostly
safe; however, rare but serious adverse effects
have been reported, including tendon
rupture, retinal detachment, aortic aneurysm
and aortic dissection.”™

Fluoroquinolones also have cardiac
side effects. Several studies have reported
QT interval increases after fluoroquino-
lone use,g_14 which can lead to ventricular
arrhythmia. Cases of torsades de pointes
occurrence associated with fluoroquinolone
use have also been reported.”™ Several
population-based  studies also reported
that fluoroquinolones increased the risk of
ventricular arrhythmia or sudden cardiac
death.**** Despite these reports, the associ-
ation of fluoroquinolones with arrhythmia
remains contentious. A recent observational
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study in Denmark and Sweden reported that oral fluoro-
quinolone treatment was not associated with the risk of
serious arrhythmia.*® This study compared 909 656 fluoro-
quinolone users with 9 09 656 penicillin V users, providing
strong statistical power. However, the most frequently
prescribed fluoroquinolone was ciprofloxacin; thus, the
risk of arrhythmia by antibiotic type was undetermined.
Previous studies have reported the risk of arrhythmia by
fluoroquinolone type, but their results differed.

To clarify this issue, we used a large general population
database in Korea to examine whether oral ciprofloxacin,
levofloxacin, ofloxacin or moxifloxacin increased the risk
of ventricular arrhythmia compared with the risk associ-
ated with cefixime. We selected cefixime (an antibiotic
with no proarrhythmic effect) as a comparison medica-
tion because fluoroquinolones and cefixime have over-
lapping indications.

METHODS

Study design

This population-based cohort study included patients
who had been prescribed oral fluoroquinolones (cipro-
floxacin, levofloxacin, ofloxacin or moxifloxacin) or
cefixime in the outpatient department from 1 January
2015 to 31 December 2015 (see online supplementary
table 1). To reduce potential confounding by indica-
tion, oral cefixime was used as a control. Both fluoro-
quinolones and cefixime are frequently prescribed for
respiratory diseases and urinary tract infections (UTIs)
in Korea. Other studies used B-lactam antibiotics, such
as amoxicillin, amoxicillin—clavulanate and penicillin V,
as controls.?'™ However, in Korea, B-lactam antibiotics
are not commonly used in UTI treatment; thus, cefixime
was used in this study as a comparator. Cefixime is a
medication with no proarrhythmic effects and is not in
the list of drug-induced QT prolongation or torsades de
pointes.M—29

Data source and ethics

We analysed claims data from the Health Insurance
Review and Assessment (HIRA) in South Korea. HIRA
examines the medical expense claims data received from
the National Health Insurance (NHI) and the appropri-
ateness of medical care benefits.” NHI covers almost 98%
of the Korean population (approximately 50million).”
HIRA claims data include comprehensive information on
inpatient and outpatient medical services, such as treat-
ment, medicines, procedures and diagnoses.” In the
HIRA database, all personally identifiable information
was removed from the data sets, and anonymised codes
representing each patient were included for to protect
privacy protection.

Inclusion criteria and exposures

We included adult patients over 18 years old. Only the
first prescribed study medication was included in the anal-
ysis if the patient was prescribed more than one antibiotic

during the study period. Patients who were prescribed the
relevant study medications outpatient visits in all primary,
secondary and tertiary care settings were included.

Exclusion criteria

We excluded patients who were hospitalised within 30
days of the index date, which was defined as the date
on which the study medication was prescribed. We also
excluded patients who were prescribed antibiotics within
30 days prior to the index date, who were prescribed
medication associated with QT interval prolongation or
increased risk for developing torsades de pointes from 30
days before to 30 days after the index date (see online
supplementary table 2), or who were already diagnosed
with serious ventricular arrhythmia before the index date.

Outcome definition

The outcomes of serious ventricular arrhythmia included
ventricular tachycardia, fibrillation, flutter and cardiac
arrest. The International Classification of Diseases, 10th
Revision (ICD-10) codes (1472, 1490.x, 1460, 1461 and
1469) were used to identify the patients with serious
ventricular arrhythmias. Only the main diagnostic codes
were used. Because diagnostic codes are sometimes used
in patients with existing arrhythmias, only the first diag-
nosis was used when patients had more than one diag-
nostic code for serious ventricular arrhythmia to focus
on incidence outcomes. Because fluoroquinolone and
cefixime are generally recommended to be prescribed
for 7-14 days, we used observation periods of 1-7 days
and 8-14 days after the index date to evaluate the adverse
effects of these medications. These periods were chosen
because acute side effects from the drug can develop
during the administration period. Follow-up began on the
index date and ended on the date of serious arrhythmia
or 14 days after starting treatment, whichever came first.

Covariates

Covariates were defined by ICD-10 codes (see online
supplementary table 3). The diseases included were hyper-
tension, diabetes mellitus, acute myocardial infarction,
ischaemic heart disease, cardiomyopathy, valve disorder,
arrhythmia, congestive heart failure, congenital heart
disease, cancer, cerebrovascular disease, renal disease,
arterial disease, venous thromboembolism, dementia,
rheumatic disease, peptic ulcer disease and chronic lung
disease. Antibiotic indications were identified by primary
diagnosis codes on the index date. Infection diagnoses
included as covariates were upper respiratory, other
respiratory, gastrointestinal, UTI, genitourinary tract and
skin/wound infections, as well as pneumonia.

Statistical analyses

The number of serious ventricular arrhythmias was
identified, and the incidence per 1 000 000 patients was
calculated. Each patient group prescribed ciprofloxacin,
levofloxacin, ofloxacin or moxifloxacin was compared
with the group prescribed cefixime to assess the risk of
ventricular arrhythmia. Using logistic regression with

2

Cho Y, Park HS. BMJ Open 2018;8:6020974. doi:10.1136/bmjopen-2017-020974


https://dx.doi.org/10.1136/bmjopen-2017-020974
https://dx.doi.org/10.1136/bmjopen-2017-020974
https://dx.doi.org/10.1136/bmjopen-2017-020974
https://dx.doi.org/10.1136/bmjopen-2017-020974

inverse probability of treatment weighting (IPTW), we
calculated the OR and 95% CIs of serious ventricular
arrhythmia compared with cefixime for days 1-7 and
8-14 after the index date.

We calculated the propensity scores of being prescribed
ciprofloxacin, levofloxacin, ofloxacin or moxifloxacin
compared with cefixime using logistic regression. Age,
sex, prescription month, all covariate-related comor-
bidities and antibiotic indications were included in the
propensity models. IPTWs were calculated with propen-
sity scores to adjust for baseline differences and control
for confounding by indication.” IPTW weights the inverse
of the estimated propensity score for treated patients and
the inverse of one minus the estimated propensity score
for control patients.”® Propensity score matching has the
disadvantage of including only a subset of subjects and
controls in the analysis, but IPTW can be used without
reducing sample number. We evaluated the baseline
covariate balance between groups with standardised
differences before and after IPTW. A standardised differ-
ence <0.1 indicated that covariates were well balanced
between treatment and control patients.*

For the subgroup analyses, we divided patients by age,
sex and cardiovascular disease history. Acute myocardial
infarction, ischaemic heart disease, cardiomyopathy, valve
disorder, arrhythmia, congestive heart failure and congen-
ital heart disease were included as cardiovascular diseases.
We defined cardiovascular disease using the same ICD-10
code as that used to define baseline comorbidities. The
propensity score for each subgroup and drug type was
calculated and the ORs were calculated, respectively. No
data were missing in this study. Statistical analyses were
performed using R, V.3.1.1 (www.R-project.org).

Patient and public involvement

No patients were involved in setting the research ques-
tion or the outcome measures, nor were they involved
in developing plans for design or implementation of the
study. No patients were asked to advise on interpretation
or writing up of results. There are no plans to dissemi-
nate the results of the research to study participants or
the relevant patient community.

RESULTS

Study population characteristics

We extracted 5 401 527 outpatients who were prescribed
oral fluoroquinolones and cefixime from 1 January 2015
to 31 December 2015. After excluding 512637 patients
who were (1) hospitalised within 30 days of the index date
(n=131679), (2) prescribed antibiotics from 30 days prior
to the index date (n=128699), (3) prescribed medication
associated with QT interval prolongation or increased
risk for developing torsades de pointes from 30 days
before to 30 days after the index date (n=247788) or (4)
diagnosed with serious ventricular arrhythmia before the
index date (n=4471), 4 888 890 patients were included
in the analysis (figure 1). The study population consisted

of 1 466 133 ciprofloxacin users, 1 141 961 levofloxacin
users, 1 830 786 ofloxacin users, 47080 moxifloxacin
users and 402930 cefixime users.

The baseline characteristics of the study population
before weighting are presented in table 1. Compared
with cefixime users, moxifloxacin users were older and
had more comorbidities. Ciprofloxacin, levofloxacin and
ofloxacin users had similar baseline comorbidities as
cefixime users, except that chronic lung disease was less
prevalent among ciprofloxacin and ofloxacin users and
cancer was less prevalent among ofloxacin users. After the
study population had been weighting using the IPTW, all
baseline differences were less than 0.1 standardised differ-
ences (see online supplementary tables 4-7).

Development of serious ventricular arrhythmia

Serious ventricular arrhythmia incidence, weighted
ORs and 95% CIs for days 1-7 after antibiotic initia-
tion are presented in table 2. ORs for serious ventric-
ular arrhythmia compared with cefixime were 0.72
(95% CI 0.49 to 1.06), 0.92 (95% CI 0.66 to 1.29), 0.41
(95% CI 0.27 to 0.61) and 1.87 (95% CI 1.15 to 3.11)
for ciprofloxacin, levofloxacin, ofloxacin and moxiflox-
acin, respectively. Ciprofloxacin and levofloxacin were
not associated with an increased risk, while moxifloxacin
was associated with a 1.87-fold increased risk of serious
ventricular arrhythmia. Ofloxacin was associated with
a 59% reduced risk of serious ventricular arrhythmia
compared with cefixime for 1-7 days after the index
date.

The serious ventricular arrhythmia incidence and
weighted OR for the 8-14 days postprescription are
presentedin table 3. ORsforseriousventriculararrhythmia
compared with cefixime were 0.44 (95% CI 0.29 to 0.65),
1.08 (95% CI 0.70 to 1.69), 0.58 (95% CI 0.36 to 0.92)
and 1.78 (95% CI 0.86 to 3.88) for ciprofloxacin, levo-
floxacin, ofloxacin and moxifloxacin, respectively. Risk
reductions of 66% and 42% were found for ciprofloxacin
and ofloxacin, respectively. No evidence of an increased
risk was found for levofloxacin. Moxifloxacin was associ-
ated with a 1.78-fold increased risk of serious ventricular
arrhythmia for 8-14 days after the index date; however,
this increased risk was not statistically significant.

Subgroup analyses

Table 4 shows the weighted ORs for serious ventric-
ular arrhythmia 1-7 days after prescribing ciproflox-
acin, levofloxacin, ofloxacin or moxifloxacin compared
with cefixime according to history of cardiovascular
disease, age and gender. The risk of serious ventricular
arrhythmia for ciprofloxacin, levofloxacin and ofloxacin
users was not increased compared with that for cefixime
users. Moxifloxacin users with histories of cardiovascular
disease (OR 2.36; 95% CI 1.17 to 5.12) and those over
65 years old (OR 2.04: 95% CI 1.16 to 3.73) had signifi-
cantly increased risks of serious ventricular arrhythmia
compared with cefixime users.
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from 1 January 2015 to 31 December 2015 (only the

N=5,401,5

Patients (218 years) receiving any outpatient prescription of oral fluoroquinolones or cefixime

first prescription)

27

Exclude the patients who were hospitalized within 30
days of the index date (N=131,679)

Exclude the patients who were prescribed any
antibiotics from 30 days prior to the index date
(N=128,699)

Exclude the patients who were prescribed medication
associated with QT prolongation or who had an
increased risk for developing torsades de pointes from 30
days before to 30 days after the index date (N=247,788)

Exclude the patients who already had serious ventricular
arrhythmia diagnosis before the index date (N=4,471)

Ciprofloxacin 1,466,133

Moxifloxacin 47,080

Levofloxacin 1,141,961

Study population

N=4,888.890

Ofloxacin 1,830,786

Cefixime 402,930

Figure 1 Study flow chart.

DISCUSSION

Overall findings

The general population data revealed that ciprofloxacin
and levofloxacin were not associated with an increased
risk for serious ventricular arrhythmia for 1-7 days after
the prescription date and that ofloxacin was associated
with a reduced risk of arrhythmia. Moxifloxacin use
was associated with a 1.87-fold increased risk of serious
ventricular arrhythmia compared with cefixime during
the first week after initiating the drug. The risk of ventric-
ular arrhythmia was especially high in moxifloxacin users
who were older or had cardiovascular disease. For 8-14
days after the index date, moxifloxacin showed a 1.78-
fold increased risk; however, the 95% CI was not statis-
tically significant. All moxifloxacin subgroups showed
a high risk, but this risk was statistically significant only
in patients with cardiovascular disease and those over 65
years old. The 95% CIs were wide because the number of
moxifloxacin users (n=47080) included in the study was
fewer than that for other drugs, and the number of serious
ventricular arrhythmias was only 7 for days 1-7 after the
index date and 4 for days 8-14. Further studies with more
subjects are needed to confirm the risk of moxifloxacin.

Drug-induced QT interval prolongation
Medications can prolong QT intervals, which can lead
to fatal ventricular arrhythmias, such as torsades de

pointes.”” * Torsades de pointes is a polymorphic ventric-
ular tachycardia, which can lead to ventricular fibrilla-
tion or sudden cardiac death. Drug-induced QT interval
prolongation occurs by inhibiting of cardiac voltage-gated
potassium channels encoded by the human ether-a-go-go-
related gene (hERG).” Blocking the rapid component
of the delayed rectifier potassium current (I ) through
hERG channels delays cardiac repolarisation, repre-
sented by prolonged QT intervals.

Among the medications considered to be associated
with prolonged QT intervals, fluoroquinolones and
macrolides are the most commonly prescribed drugs in
clinical practice®*; however, QT interval prolongation by
fluoroquinolones appears to differ depending by type.
A prospective trial suggested that recommended cipro-
floxacin and levofloxacin doses have little effect on QT
intervals, while moxifloxacin induces the greatest QT
interval prolongation.'’ After 7 days of moxifloxacin use,
the corrected QT interval was prolonged by 6 ms relative
to baseline. Regarding supratherapeutic fluoroquinolone
doses, all three fluoroquinolones increased QT intervals
compared with placebo, with moxifloxacin most strongly
affecting the interval."' The increased QT interval means
for the 24hours period after treatment were 2.3-4.9
ms, 3.5-4.9 ms and 16.3-17.8 ms for 1500 mg ciproflox-
acin, 1000mg levofloxacin and 800mg moxifloxacin,
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Table 1 Baseline characteristics of patients using study medications
Cefixime Ciprofloxacin Levofloxacin Ofloxacin Moxifloxacin

No of subjects 402930 1466 133 1141 961 1830 786 47080

Age, mean+SD 49.3+17.7 48.5+17.3 50.4+16.7 50.3+16.9 58.4+17.4

No of females (%) 238329 (59.1) 951813 (64.9) 643076 (56.3) 1120119 (61.2) 23586 (50.1)

No of comorbidities (%)
Hypertension 121529 (30.2) 410360 (28.0) 346918 (30.4) 540934 (29.5) 21690 (46.1)
Diabetes mellitus 97779 (24.3) 321483 (21.9) 268447 (23.5) 382877 (20.9) 17977 (38.2)
Acute myocardial infarction 6536 (1.6) 17451 (1.2) 15209 (1.3) 11731 (1.0) 1292 (2.7)
Ischaemic heart disease 45810 (11.4) 137303 (9.4) 122740 (10.7) 161602 (8.8) 9408 (20)
Cardiomyopathy 1450 (0.4) 3668 (0.3) 3443 (0.3) 3924 (0.2) 438 (0.9)
Valve disorder 1826 (0.5) 4971 (0.3) 4643 (0.4) 6219 (0.3) 513 (1.1)
Arrhythmia 14387 (3.6) 45727 (3.1) 38751 (3.4) 53536 (2.9) 2761 (5.9)
Congestive heart failure 21753 (5.4) 59507 (4.1) 55276 (4.8) 68471 (3.7) 5724 (12.2)
Congenital heart disease 550 (0.1) 1599 (0.1) 1430 (0.1) 1894 (0.1) 110 (0.2)
Cancer 43336 (10.8) 128612 (8.8) 118618 (10.4) 122116 (6.7) 10285 (21.8)
Cerebrovascular disease 42741 (10.6) 127394 (8.7) 113241 (9.9) 155453 (8.5) 8389 (17.8)
Renal disease 27440 (6.8) 93946 (6.4) 73935 (6.5) 83202 (4.5) 5657 (12)
Arterial disease 58202 (14.4) 201275 (13.7) 173004 (15.1) 268362 (14.7) 9298 (19.7)
Venous thromboembolism 5613 (1.4) 15375 (1.0) 14016 (1.2) 16571 (0.9) 1704 (3.6)
Dementia 17245 (4.3) 48445 (3.3) 41097 (3.6) 46626 (2.5) 4046 (8.6)
Rheumatic disease 29610 (7.3) 97980 (6.7) 77971 (6.8) 112629 (6.2) 4453 (9.5)
Peptic ulcer disease 148247 (36.8) 527527 (36.0) 418871 (36.7) 636452 (34.8) 21304 (45.3)
Chronic lung disease 215194 (53.4) 633215 (43.2) 586894 (51.4) 810357 (44.3) 36096 (76.7)

No of antibiotic indications (%)
Upper respiration infection 41000 (10.2) 34919 (2.4) 71542 (6.3) 200376 (10.9) 2024 (4.3)
Pneumonia 17362 (4.3) 13792 (0.9) 54016 (4.7) 10048 (0.5) 10567 (22.4)
Other respiratory infection 31943 (7.9) 49097 (3.3) 118629 (10.4) 266793 (14.6) 2898 (6.2)
Gastrointestinal infection 10997 (2.7) 258359 (17.6) 26806 (2.3) 116001 (6.3) 142 (0.3)
Urinary tract infection 24497 (6.1) 477439 (32.6) 255878 (22.4) 204458 (11.2) 396 (0.8)
Genitourinary infection 10357 (2.6) 103874 (7.1) 104759 (9.2) 75822 (4.1) 806 (1.7)
Skin/wound infection 15212 (3.8) 13240 (0.9) 20509 (1.8) 47573 (2.6) 589 (1.3)

respectively.'! No studies have been published on the
effect of ofloxacin on QT intervals. However, oflox-
acin, ciprofloxacin and levofloxacin were significantly
less potent hERG channel inhibitors than sparfloxacin,
grepafloxacin or moxifloxacin.’® Ofloxacin was the least
potent hERG channel inhibitor. In contrast, sparflox-
acin and grepafloxacin, the most potent hERG channel

inhibitors, were withdrawn from the market due to QT
interval prolongation.

Comparison with other population-based studies

In a study on veterans in the USA,21 levofloxacin use
was associated with a 3.13-fold increased risk of cardiac
arrhythmias and a 2.49-fold increased risk of all-cause

Table 2 Risk of serious ventricular arrhythmia associated with oral fluoroquinolones compared with cefixime 1-7 days after

the index date

Cefixime Ciprofloxacin Levofloxacin Ofloxacin Moxifloxacin
No of serious ventricular arrhythmia 18 31 48 26 7
Incidence per 1 000 000 subjects 44.7 21.1 42.0 14.2 148.7
OR (95% ClI) (IPTW) Reference 0.72 (0.49to 1.06) 0.92 (0.66 to 1.29) 0.41 (0.27 to 0.61) 1.87 (1.15to 3.11)

IPTW, inverse probability of treatment weighting.
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Table 3 Risk of serious ventricular arrhythmia associated with oral fluoroquinolones compared with cefixime for 8-14 days

after the index date

Cefixime  Ciprofloxacin Levofloxacin Ofloxacin Moxifloxacin
No of serious ventricular arrhythmia 8 24 29 21 4
Incidence per 1 000 000 subjects 19.9 16.4 25.4 11.5 85.0
OR (95% ClI) (IPTW) Reference  0.44 (0.29 to 0.65) 1.08 (0.70to 1.69) 0.58 1.78
(0.36 to 0.92) (0.86 to 3.88)

IPTW, inverse probability of treatment weighting.

death compared with amoxicillin. The veteran popula-
tion was older (mean age, 56.8 years) than our cohort
(mean age, cefixime, 49.3 years; levofloxacin, 50.4 years),
which likely explains the different results. In another
study in USA, 0.3, 5.4 and 2.1 cases of torsades de pointes
per 10million prescriptions from 1996 to 2001 for cipro-
floxacin, levofloxacin and ofloxacin, respectively.”” A
recent cohort study in Denmark and Sweden® found
no association between fluoroquinolone use and serious
arrhythmias in the general population; however, because
82% of the prescribed fluoroquinolones were ciproflox-
acin, it remains possible that other fluoroquinolones
could increase the risk. In a US study in a Tennessee
Medicaid cohort,38 patients who took ciprofloxacin and
levofloxacin showed no increased risk for cardiovascular
death compared with patients who took amoxicillin for
a 10-day treatment course. A cohort study from Taiwan®
on the risks of cardiac arrhythmia among patients using
moxifloxacin, levofloxacin and ciprofloxacin reported
that moxifloxacin use was associated with a 3.30-fold
increased risk for ventricular arrhythmia compared with
amoxicillin—clavulanate, with no risk associated with levo-
floxacin or ciprofloxacin use.

In this study, ciprofloxacin and levofloxacin were
not associated with increased ventricular arrhythmia
risk, however, some case reports exist on QT interval

prolongation and torsades de pointes after fluoroquino-
lone use.””™ Most of these cases were patients with
concomitant use of other medications associated with QT
interval prolongation or with multiple risk factors asso-
ciated with drug-induced arrhythmia. The risk factors
for drug-induced arrhythmia are baseline QT interval
prolongation, rapid intravenous drug infusion, digitalis
therapy, bradycardia, organic heart disease and electro-
lyte imbalances.” Our study excluded patients who were
prescribed drugs associated with QT interval prolon-
gation, and we could not confirm whether the risk of
ventricular arrhythmia was increased by the concomitant
fluoroquinolone use with drugs that increase the risk of
torsades de pointes. We also could not assess whether
intravenous use was associated with increased risk because
this study was conducted only in oral fluoroquinolone
users. Furthermore, no baseline ECG or electrolyte data
were available. Further studies are needed to determine
whether fluoroquinolones increase the risk of arrhyth-
mias in patients with these risk factors.

In this study, ofloxacin users had a reduced risk of
serious ventricular arrhythmia. However, it is not possible
to conclude that ofloxacin has an antiarrhythmic effect.
In fact, cases of torsades de pointes had been reported
to occur after taking ofloxacin.” * A study with US Food
and Drug Administration (FDA) Adverse Event Reporting

Table 4 Subgroup analysis of the risk of serious ventricular arrhythmia associated with oral fluoroquinolones assessed in this

study compared with cefixime for 1-7 days after the index date

Cefixime Ciprofloxacin

Levofloxacin Ofloxacin Moxifloxacin

History of cardiovascular disease

OR (95% CI) (IPTW) Reference 0.61 (0.34 to 1.08)
Without cardiovascular disease

OR (95% CI) (IPTW) Reference 0.79 (0.47 t0 1.33)
Age >65

OR (95% ClI) (IPTW) Reference 0.78 (0.48 to 1.24)
Age<65

OR (95% ClI) (IPTW) Reference 0.64 (0.32 to 1.25)
Male

OR (95% CI) (IPTW) Reference 0.61 (0.36 to 0.99)
Female

OR (95% CI) (IPTW) Reference 0.62 (0.35 to 1.07)

0.96 (0.58 to 1.57) 0.47 (0.24 t0 0.85) 2.36 (1.17 to 5.12)

0.86 (0.54 to 1.34) 0.36 (0.21 t0 0.60) 1.63 (0.84 to 3.29)

1.06 (0.71t0 1.60) 0.36 (0.22 to 0.57) 2.04 (1.16 to 3.73)

0.96 (0.51t0 1.81) 0.84 (0.38to 1.85) 1.59 (0.60 to 4.58)

0.82 (0.53t0 1.25) 0.53 (0.29 t0 0.96) 1.91 (1.00 to 3.80)

0.89 (0.54 to 1.46) 0.33 (0.19t0 0.56) 1.79 (0.87 to 3.92)

IPTW, inverse probability of treatment weighting.
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System data reported a reduced risk of torsades de
pointes, but the adjusted OR was not statistically signif-
icant (OR 0.67; 95% CI 0.03 to 4.38).*Y In addition,
reason for the reduced risk of arrhythmia in ofloxacin
users cannot be clearly explained. Additional clinical and
population-based studies are needed.

Strengths and limitations

One of the strengths of this study is that it is the largest
study to date evaluating the association between oral fluo-
roquinolone use and serious ventricular arrhythmia. This
study was a nationwide population-based study including
4 888 890 patients who were prescribed oral fluoroquino-
lone or cefixime. In addition, the datasets had no missing
values, thus minimising the number of subjects. Second,
propensity score weighting was performed to adjust the
underlying characteristics and antibiotic indications of
both the fluoroquinolone and cefixime groups. In the
propensity score matching, unmatched subjects occur
and subject numbers decreased. In this study, all subjects
can be included for comparison using IPTW.

This study also had several limitations. First, we cannot
rule out the effect of selection bias. We attempted to adjust
the underlying antibiotic characteristics and indications of
the fluoroquinolone and cefixime groups using IPTW to
correct for this selection bias. However, it is possible that
the ICD-10 codes used to define covariates in the propensity
score weighting were inappropriate. For example, the range
of chronic lung diseases that we defined was wide, with
40%-70% of the individuals in each antibiotic group having
chronic lung disease. This wide range of diagnostic codes
suggests that chronic respiratory illnesses that are unrelated
to the antibiotic prescription may have been included. The
propensity score obtained using these covariates may insuf-
ficiently reflect the actual antibiotic prescription. Second,
there may be a residual confounding effect. This study did
notreflect baseline health information, such as laboratory or
ECG data, because we used health claims data. However, we
tried to reduce residual confounding by excluding patients
who were recently admitted, prescribed antibiotics or
prescribed medications that prolonged QT intervals. Third,
the ICD-10 code defining the serious ventricular arrhythmia
outcome was not directly validated in the Korean popula-
tion. In one study, however, ICD-9 code 427.x predicted a
ventricular arrhythmia with a positive predictive value of
78%-100%." ICD9 code 427.x corresponds to the ICD-10
code used in our study. Fourth, because death data were
not linked to the HIRA data, the number of deaths that
occurred during the follow-up period was unconfirmed.
Finally, the drug dose was not investigated, and the effect of
the drug dose was not analysed in this study. Further studies
are needed to determine how the effects of fluoroquino-
lone on arrhythmias vary with drug dose.

CONCLUSION
In this population-based study, ciprofloxacin and levo-
floxacin were not associated with serious ventricular

arrhythmia, and ofloxacin reduced the risk of arrhythmia.
Moxifloxacin was associated with a 1.87-fold increased risk
of serious ventricular arrhythmia compared with cefixime
for 1-7 days after being prescribed. Additional studies in
other populations are required to ensure that these find-
ings are valid for patients with risk factors excluded in
this cohort.
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