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Abstract N\
Background: The association between oral fluoroquinolones (FQs) usage and risk of severe arrhythmia-related events (ventricular |
arrhythmias and sudden cardiac death) remains controversial. Therefore we aimed to quantify this association and to evaluate the
effects of FQs on adverse cardiovascular (CV) outcomes.

Methods: We retrieved data from the Cochrane Collaboration, PubMed, and China National Knowledge Infrastructure (CNKI)
databases until August 2017. The studies that reported relative risk (RR) estimates with 95% confidence intervals (Cls) for the
associations of interest were included. Data were extracted from the eligible articles, and we used a random effects model to calculate
the effect estimates.

Results: Of the 16 studies that were included, 7 studies included serious arrhythmias, 3 studies included CV death, and 11 studies
included all-cause death. The pooled RRs of FQs use were: 2.29 (95% Cl: 1.20-4.36, P=.01) for serious arrhythmias; 1.60 (95% Cl:
1.17-2.20, P=.004) for CV death; and 1.02 (95% Cl: 0.76-1.37, P=.92) for all-cause death. The RRs associated with serious
arrhythmias were 6.27 for gatifloxacin, 4.20 for moxifloxacin, 1.73 for ciprofloxacin, and 1.41 for levofloxacin. Current FQs users
showed an increased risk of serious arrhythmias in the subgroup analysis. Treatment with FQs is associated with an absolute risk
increase of 160 additional sudden deaths or ventricular arrhythmias, and 43 additional CV deaths per 1 million treatment courses.

Conclusion: The use of FQs could increase the risk of serious arrhythmias and CV death but not increase or all-cause death.
Moreover, moxifloxacin and levofloxacin showed a higher risk of serious arrhythmias.

Abbreviations: Cls = confidence intervals, CNKI = China National Knowledge Infrastructure, CV = cardiovascular, FQs =
fluoroquinolones, RCT = randomized controlled trial, RR = relative risk, SCD = sudden cardiac death, TdP = torsades de pointes,

VTA = ventricular tachyarrhythmia.
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1. Introduction

Fluoroquinolones (FQs) are a class of antibiotics widely used in
the treatment of common bacterial infections in patients.
Although FQs are well tolerated, with a broad spectrum of

Editor: Wilhelm Mistiaen.
XL and JM contributed equally to this work.

Funding: The authors wish to acknowledge support from the National Natural
Science Foundation of China (8153000545).

The authors have no conflicts of interest to disclose.
Supplemental Digital Content is available for this article.

@ Cardiology Department, the Second Affiliated Hospital of Nanchang University,
® Jiangxi Key Laboratory of Molecular Medicine, Jiangxi, China.

’ Correspondence: Kui Hong, Cardiovascular Department, the Second Affiliated
Hospital of Nanchang University, Jiangxi 330006, China

(e-mail: hongkui88@163.com).

Copyright © 2017 the Author(s). Published by Wolters Kluwer Health, Inc.

This is an open access article distributed under the Creative Commons
Attribution-NoDerivatives License 4.0, which allows for redistribution, commercial
and non-commercial, as long as it is passed along unchanged and in whole, with
credit to the author.

Medicine (2017) 96:44(e8273)

Received: 17 March 2017 / Received in final form: 13 September 2017 /
Accepted: 18 September 2017

http://dx.doi.org/10.1097/MD.0000000000008273

antibacterial activity and high oral bioavailability,™! their
cardiovascular (CV) toxicity has been largely questioned. Some
types of FQs have been reported from a number of studies to elicit
arrhythmia-related cardiac effects, including QT interval pro-
longation, torsades de pointes (TdP), ventricular tachycardia,
ventricular fibrillation, and sudden cardiac death (SCD).[>?!
Owing to higher incidences of adverse cardiac events including
SCD, the FQs sparfloxacin and gatifloxacin were sequentially
removed from the US and European markets in 1999 and 2001,
respectively.[!

Although the adverse effect of FQ-induced arrhythmia had
been raised by some studies.”™ Results from studies were
conflicting. Randomized trials in healthy patients found the effect
of FQs on prolonged QT interval.!"~'*! Interesting, no significant
relationship was found between incidences of adverse cardiac
events and prolongation of the QT interval, which possible
limited its small simple size."'>'*! Notable, inconsistent results
were also found in large population-based studies in real
world."=15:161 A cohort studies of Medicaid patients in Canada
reported increased risk of ventricular tachyarrhythmia (VTA)
and CV death associated with moxifloxacin and levofloxacin.
However, a binational cohort study from Denmark and Sweden
showed no relationship between FQs use and the risk VTA."!In
another large cohort study of the Tennessee Medicaid program,
ciprofloxacin was also not associated with increased risks of CV
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death and all-cause death."®! Given this argument, an assessment
of the risks and benefits of FQs use should be warranted to guide
clinical treatment decisions. Thus, we conducted a meta-analysis
to evaluate the associations between FQs and adverse CV
outcomes.

2. Materials and methods

2.1. Literature search

We systematically searched the Cochrane Collaboration,
PubMed, and CNKI (China National Knowledge Infrastructure)
databases through August 2017 for studies published in any
language using the following text and key words in combination,
both as medical subject headings terms and text words:
moxifloxacin, levofloxacin, ciprofloxacin, fluoroquinolones,
cardiac, cardiovascular, death, mortality, ventricular tachycar-
dia, ventricular arrhythmia, torsades de pointes, sudden cardiac
death, and cardiac arrest. Further manual retrieval was
performed using reference lists from the relevant original and
review to identify other potentially relevant articles.!®~>>15-171

2.2, Study selection

Studies were considered eligible if they fulfilled the following
criteria: reported the relative risk (RR) and the corresponding
95% confidence intervals (Cls) or provided data to calculate
them; were designed as RCTs (randomized controlled trials),
cohort studies or case-control studies; assessed primary
outcomes including serious arrhythmias, CV death, and all-
cause death; and were independent. Studies with insufficient
data (e.g., case report, no relevant outcome, compared CV
risk between FQs and macrolides and reported only the
prevalence of arrhythmia in FQs users) were excluded from
analysis. For multiple publications/reports using the same data,
we chose the estimates from the most informative or recent
studies.

2.3. Outcome measures

The primary study outcome was serious arrhythmias, which were
defined by the International Classification of Diseases 10th
revision (ICD-10) codes, as ventricular tachycardia, ventricular
fibrillation, TdP, ventricular flutter, cardiac arrest, and SCD. The
secondary outcome was CV death. Our data indicated that FQs
showed a proarrhythmic effect because of the increasing
incidence of CV death. Moreover, further analysis of all-cause
death was performed to examine whether the risk for CV death
would be counterbalanced by the survival benefit of antiinfection

by FQs.

2.4. Data extraction and quality assessment

Two researchers (XL and JM) independently assessed the
eligibility of the literature according to the aforementioned
inclusion criteria. All discrepancies were resolved through
discussion or by a third researcher (KH) as necessary. For each
study, the basic characteristics were extracted, including the first
author, publication year, geographical location, participants
(sex, mean age, and sample size), study type, follow-up duration,
outcome events, FQs categories, adjusted covariates, and RRs
with 95% ClIs.

The methodological quality of the RCTs was assessed
independently by 2 researchers using the Cochrane Collaboration’s
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Risk of Bias tool, which scores each study for the following:
randomization (sequence generation and allocation conceal-
ment), blinding (participant and outcome assessors), incomplete
outcome data, selective outcome reporting, and other risks of
bias. Each parameter was graded as a high, low, or unclear risk of
bias.'® The observational studies were assessed with the
Newecastle-Ottawa Scale (NOS) method, with scores ranging
from 0 to 9 points. Studies were regarded to be low-quality or
high-quality if their NOS scores were <6 or >6 points,
respectively.l'!

2.5. Statistical analysis and risk of bias assessment

The RRs were used as the common risk estimates, and the odds
ratio was deemed to be equivalent to the RR.??! The effect
measures were transformed to their natural logarithm (logRR),
and the standard error (SEj,grr) was calculated from the
corresponding 95% ClIs. Summary RRs were estimated by
pooling the study-specific estimates using the random effects
models to take into account the between-study heterogeneity. To
assess the heterogeneity of RRs across studies, the I> (95% CI)
statistic was calculated with the following interpretation: low
heterogeneity, defined as I*<50%; moderate heterogeneity,
defined as I* 50% to 75%; and high heterogeneity, defined as
I*>75%."1 Moreover, subgroup analyses were carried out
when appropriate. Sensitivity analysis was performed to assess
the effects of the selected study quality. Possible publication bias
was assessed using the Egger test.[*!! Since Egger linear regression
method had stronger statistical and discriminatory powers than
other Begg method and Macaskill method for detecting
publication bias.[*?! All statistical analyses were performed using
the Review Manager (RevMan) software (version 5.30, Nordic
Cochrane Center, Rigshospitalet, Denmark) and Stata software
(version 12.0, Stata Corp LP, College Station, TX). A P-value
<.05 was considered statistically significant. In addition, we
calculated the absolute risk difference as risk per 1,000,000
treatment courses: (RR — 1) x I, where RR indicates pooled RRs
and I was the crude rate among users of without FQs group. On
the basis of population-based cohort studies, I was calculated by
weighting the sample size of each study.

2.6. Ethics approval

The ethical approval was not necessary in this study because of
the meta-analysis study design.

3. Results

3.1. Literature search

As shown in Fig. 1, a total of 2833 studies were retrieved in our
initial database search. After the removal of duplicates and other
studies with inadequate information on the FQs, the 154
remaining studies were reviewed in more detail. Of these, 114
studies were excluded because of no relevant outcomes, and
another 25 studies were eliminated because they did not provide
enough data to calculate the RR. Finally, 16 studies (5 cohort
studies, 3 case—control studies, and 8 RCTs) were included in this
meta-analysis,[©~%+15:16:23-32]

3.2. Study characteristics and quality

The detailed characteristics of the included studies are presented
in Table 1. Overall, these studies were published from 2005 to
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Figure 1. Flow diagram of study selection.

2016. The sample size of included studies varied from 79 to
1,849,712, with a total of 6,139,004 participants (54.6%
women). The duration of FQs use across the studies varied
from 1 day to 14 months, and the mean age ranged from 45 to 76
years. Data on daily FQs doses were provided in 8 RCTs but in
none of the observational studies. As shown in Table S1 (for
cohort, http:/links.lww.com/MD/B928), Table S2 (for case—
control, http:/links.lww.com/MD/B928), and Fig. S1 (for RCT,
http://links.lww.com/MD/B928), the reporting quality of the
included articles was globally acceptable. All observational
studies obtained an NOS of >6 points. The RCT methodological
quality was typically good.

3.3. Risk of serious arrhythmias

A total of 7 studies (1 RCT, 3 cohort studies, and 3 case—control
studies) reported risk estimates for serious arrhythmias.!®
1524251 A5 shown in Fig. 2, FQs treatment was significantly
associated with an increased risk of serious arrhythmias (RR
2.29, 95% CI: 1.20-4.36, P=.01). There was a significant
heterogeneity of RRs across the included studies (I*=95%,
P<.001). Egger test (P=.54) showed no evidence of publication
bias (Fig. 3). As compared with no FQs use, FQs treatment was

associated with an estimated 160 additional serious arrhythmia
per 1,000,000 courses.

In the subgroup analysis of FQs type, gatifloxacin (RR 6.27,
95% CI: 3.11-12.66; P < .001), moxifloxacin (RR 4.20, 95% CI:
1.91-9.27; P<.001), and levofloxacin (RR 1.41, 95% CI: 1.16—
1.70; P<.001) showed an increased risk of serious arrhythmias,
whereas ciprofloxacin showed a pooled RR of 1.73 (95% CIL:
0.89-3.37; P=.1) (Table S3, http://links.lww.com/MD/B928). In
addition, further subgroup analysis was performed to evaluate
the effect of time with application of FQs. Both current and
former FQs users showed an increased the risk of serious
arrhythmias (Table S3, http:/links.lww.com/MD/B928).

3.4. Risk of CV death

Only 3 studies (1 RCTs and 2 cohort studies) reported an
association between FQs and CV death.[”'®*3! The pooled
results showed that FQs were associated with an increased risk of
CV death (RR 1.60, 95% CI: 1.17-2.20; P=.004) with no
significant heterogeneity (I*=45%, P=.16) (Fig. 2), although
relatively few studies were included in this outcome (Fig. 2).
Compared with controls, the absolute risk difference was 43
cases of serious arrhythmia per 1,000,000 courses of FQs.
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Risk Ratio Risk Ratio
Study or Subgroup __log[Risk Ratio] SE Weight IV, Random, 95% Cl _Year IV, Random, 95% CI
1.1.1 Serious Arrhythmia
Harms, 2008 -1.108 1.7186 3.0% 0.33(0.01,9.58) 2008
Zambon, 2009 1.2754 0182 161% 3.58[2.51,5.11] 2009 -
Poluzzi,2010 1.992 0122 16.5% 7.33(5.77,9.31) 2010 i
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Chou, 2015 0.7275 0146 16.4% 2.07 [1.55,2.76] 2015 el
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Testfor overall effect Z=252 (P=0.01)
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Cannon,2005 0.431782 027744 233% 1.54 [0.89, 2.65) 2005 Bl
ray,2012 0173953 022969 296% 1.19[0.76,1.87] 2012 N o
Chou,2015 0678 014 471% 1.97 [1.50,2.59) 2015 i
Subtotal (95% CI) 100.0% 1.60[1.17, 2.20] L 2
Heterogeneity; Tau®= 0.04; Chi*= 3.64, df= 2 (P=0.16); F= 45%
Test for overall effect: Z=2.90 (P = 0.004)
1.1.3 All- cause death
Cannon,2005 0.229603 019224 16.7% 1.26 [0.86,1.83) 2005 ™
Malangoni, 2006 -0.16 056 57% 0.85[0.28, 2.55) 2006 —1
Harms, 2008 -0.43 0.95 2.4% 0.65[0.10,4.19) 2008 ——
Terg, 2008 -1.05 054 6.0% 0.35(0.12,1.01) 2008 T
WEISS, 2009 -0.56 025 14.2% 0.57 [0.35,0.93) 2009 —_
Ewig,2011 0.221 0.2 16.3% 1.25[0.84,1.85) 2011 ™
Brunkhorst, 2012 0.978 117 1.6% 2066 [0.27,26.34) 2012
ray,2012 0 016 181% 1.00[0.73,1.37] 2012 2 &
Schaper,2013 0978326 1.22799 1.5% 266[0.24,2952) 2013
Rao,2014 0.668 0.2 16.3% 1.95(1.32,2.89] 2014 —_—
Xu,2016 0 1433776 1.1% 1.00[0.06,16.61] 2016
Subtotal (95% CI) 100.0% 1.05[0.78, 1.43] L 2
Heterogeneity: Tau®= 0.11; Chi*= 22.36, df= 10 (P = 0.01); F= 55%
Testfor overall effect Z=0.33 (P=0.74)

001 0.1 1 10 100

Favours FQs Favours without FQ
Test for subaroun differences’ Chi*= 625 df= 2 (P = 0.04) F= 680% ol it

Figure 2. Meta-analysis of RR of serious arrhythmia, cardiovascular death, and all-cause death associated with FQs compared to no FQs use. Cl=confidence
interval, FQs =fluoroquinolones, IV=inverse of the variance, RR =relative risks, SE=standard error.

3.5. Risk of all-cause death death (1.02, 95% CI: 0.76-1.37, P=.92) with moderate
heterogeneity (I>=56%, P <.05) (Fig. 2). There was no statistical
evidence of publication bias (Egger test, P=.26) (Fig. 3). The
results were still non-significant in the subgroup analyses

(Table S3, http:/links.lww.com/MD/B928).

Eleven studies (8 RCTs, 3 cohort studies) were included for the
outcome of any-cause death.!®1®2325-321 Overall, treatment
with FQs was not associated with an increased risk of all-cause

All-cause death

Serious Arrhythmia

Figure 3. Egger test showing the public bias of association of cardiovascular risk with FQs. (A) Serious arrhythmia. (B) All-cause death. FQs =fluoroquinolones.
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3.6. Sensitivity analysis

Specifically, exclusion of 1 study at a time in turn did not affect
the pooled RRs for the aforementioned associations. When we

| itha fi ff 1,133 f
repeated our meta-analyses with a fixed-effects model,"””' none o
the initial significant associations were substantially influenced
(data not shown).

4. Discussion

In the present study, we demonstrated that FQs treatment
could increase the risk of serious arrhythmias and CV death
but not all-cause death because our results showed pooled RRs
of 2.29 for serious arrhythmias, 1.60 for CV death, and 1.02
for all-cause death in subjects with FQs use. The increased risk
of serious arrhythmias was seen in both current and former
users of FQs. In the subgroup analysis, gatifloxacin, moxi-
floxacin, and levofloxacin had a higher risk of serious
arrhythmias. Sensitivity analysis indicated that these results
were stable.

Several studies have investigated the association between FQs
and serious arrhythmias, but the results remain controver-
sial.[&81524 Consistent with our results, an increased risk of
serious arrhythmias is supported by studies from healthy
individuals and patients as well as in vitro experiments. In
studies with healthy individuals, FQs prolonged corrected Q-T
intervals from 0 to 17.8 milliseconds.!'”! Several RCTs with 1000
patients also reported events of serious arrhythmias (1 case of
TdP from the application of levofloxacin and 1 case of sustained
VT from the application of moxifloxacin), although the event rate
was too small to draw meaningful conclusions.!'31%17:34]
Moreover, pharmacovigilance reports from the USA prescription
data and observational studies also show evidence for the side-
effect of arrhythmia.l®*!

There is a question raised by our results regarding why FQs are
associated with an increased risk for CV death but not all-cause
death. A few reasonable interpretations have been suggested. One
possible reason is that an increased risk of CV death might be
partly offset by the survival benefit of anti-infection by FQs. In
addition to antimicrobial properties, FQs are known to exert
modulatory activity on immune responses to microbial infection.
They can reduce the production of proinflammatory cytokines
and antiinflammatory cytokines, which may provide additional
benefits in the treatment of infections that are independent of
their antibacterial properties.*®*”) Thus, they may reduce the
risk of all-cause death. However, because of the small number of
studies included in this meta-analysis, these assumptions need
further verification.

How FQs increase the risk of serious arrhythmias remains
unclear. The evidence from experimental studies supports that
FQs molecules block cardiac rapid delayed rectifier potassium
channels though interactions with the S6 aromatic amino acid
residues of their subunits.*®! Thereby, the action potential
duration is prolonged, which predisposes to early after-
depolarizations and eventually leads to a vulnerability to
TdP.B?! In addition, it can be speculated that FQs might
exacerbate the risk of serious arrhythmias in patients with QT
interval prolongation-related concomitant risk factors, such as
electrolyte disturbance, hypothyroidism, and concurrent use of
antiarrhythmic agents.*”! Moreover, acute infection may
intrinsically play a synergistic effect on the arrhythmia risk
associated with FQs. Numerous laboratory studies have
demonstrated that proinflammatory cytokines can facilitate
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arrhythmia directly through affecting cardiac electrophysiolo-
gy.[*!! Therefore, further experimental studies are required to
elucidate the mechanisms underlying the association between
FQs and arrhythmia.

Notably, we observed an increased risk of serious arrhyth-
mias with gatifloxacin, moxifloxacin, and levofloxacin, but not
with ciprofloxacin. Consistent with our results, the available
current mechanistic data comparing individual FQs suggested
that gatifloxacin, moxifloxacin, and levofloxacin had a high
potency for Iy, inhibition, and thus, higher potential for QT
prolongation and proarrhythmic properties. For example, Abo-
Salem et al'*?! previously reported the serum concentrations of
moxifloxacin and levofloxacin for I, inhibition is 2 and 15
times higher than that of ciprofloxacin, respectively. Addition-
ally, pharmacovigilance reports also showed that TdP
incidence was more prevalent in the moxifloxacin and
levofloxacin users compared to ciprofloxacin users.’! For
example, in the FDA’s adverse-event reporting system from
2004 to 2008, ciprofloxacin was least frequently reported to
induce TdP among antibacterial agents. A total of 230 cases of
TdP were found to be related to the administration of
antibacterial agents, whereas only 35 cases were associated
with the use of ciprofloxacin. Of note, the absence of an
association between ciprofloxacin and CV risk in our study
suggests ciprofloxacin exhibits relative cardiac safety. This is
consistent with the current opinion that ciprofloxacin has
limited proarrhythmic liability.*?!

Another factor may confound the association between FQs and
CV risk. The patients taking FQs might have more serious disease
or CV risk than the patients not taking antibiotics. Therefore, the
increased risk of CV observed in our study may be related to the
acute infection itself rather than FQs use. However, the risk of
serious arrhythmias was similar in subjects with current or
former FQs use, which indicated that baseline differences
between the groups did not significantly influence the results.
In addition, in another meta-analysis involving 33 studies
revealed that there was no increased risk of SCD in the subgroup
of individuals taking penicillin or amoxicillin compared with
those not taking antibiotics.'”’ However, the study from
Inghammar et al'™*! included in our meta-analysis showed no
increased risk of CV because the majority (82.6%) of subjects
included in Inghammar’s study received ciprofloxacin treatment
and, therefore, a confounding factor due to infection might be
excluded.

Recently, the U.S. Food and Drug Administration revised the
Boxed Warning to address the serious safety issues of FQs,
including its CV risk. Although the incident rate of fatal adverse
cardiac events is low, considering the widespread use of FQs, the
risks and benefits of antibacterial therapies should be taken into
consideration. Our results suggest that moxifloxacin and
levofloxacin but not ciprofloxacin increase the risk of serious
arrhythmias. Clinicians may prefer not to prescribe moxifloxacin
and levofloxacin when other antibiotic choices are available for
patients. Moreover, patients with preexisting risk factors that
increase their vulnerability to life-threatening arrhythmia should
be paid special attention, such as patients with hyperlipidemia,
severe heart disease, current use of another QT interval-
prolonging drug, a family history of long QT syndrome and a
history of drug-induced TdP.*”! For patients with these
concomitant risk factors, alternative drugs may be considered,
or it would be recommended to perform additional monitoring
when the use of FQs is necessary.
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4.1. Study limitations

Several limitations need to be considered when interpreting the
findings of this meta-analysis. First, a substantial heterogeneity
across the studies was found in the outcomes (serious
arrhythmias and all-cause death). Although this heterogeneity
may be partially attributable to the differences in study design,
analysis strategy, participant characteristics, and the duration,
doses, and type of FQs used across the studies, similar RRs were
consistently obtained in all stratified analyses, suggesting that
heterogeneity might not substantially affect the results. Second, it
is widely appreciated that sex is an independent risk factor for
cardiac arrhythmia, including TdP.P®! However, the scarcity of
data precluded us from performing a subgroup analysis based on
sex and other variables that may also influence outcomes. Third,
the limited data on the doses of FQs used in the observational
studies makes it difficult to assess whether differences in doses
would be a source of the heterogeneity. Fourth, given the
relatively limited number of studies included in this analysis,
further larger RCTs are warranted to confirm these findings.

5. Conclusions

The findings of our meta-analysis demonstrate that FQs could
increase the risk of serious arrhythmias and CV death; however,
FQs do not increase the risks of all-cause death. Moreover,
moxifloxacin and levofloxacin are associated with a higher risk of
serious arrhythmias. Further studies are required to evaluate the
CV safety of FQs. Treatment with FQs is associated with an
absolute risk increase of 160 additional SCDs or VTA, and 43
additional CV deaths per 1 million treatment courses.
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