See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/6471518

Use of fluroquinolone and risk of Achilles
tendon rupture: A population-based cohort
study
ARTICLE in EUROPEAN JOURNAL OF CLINICAL PHARMACOLOGY · JUNE 2007
Impact Factor: 2.97 · DOI: 10.1007/s00228-007-0265-9 · Source: PubMed

CITATIONS

READS

26

66

4 AUTHORS, INCLUDING:
Jacob Sode

Jesper Hallas

Statens Serum Institut

University of Southern Denmark

10 PUBLICATIONS 50 CITATIONS

270 PUBLICATIONS 5,600 CITATIONS

SEE PROFILE

SEE PROFILE

Annmarie Lassen
University of Southern Denmark
55 PUBLICATIONS 1,079 CITATIONS
SEE PROFILE

Available from: Jacob Sode
Retrieved on: 07 January 2016

Eur J Clin Pharmacol (2007) 63:499–503
DOI 10.1007/s00228-007-0265-9

PHARMACOEPIDEMIOLOGY AND PRESCRIPTION

Use of fluroquinolone and risk of Achilles tendon rupture:
a population-based cohort study
Jacob Sode & Niels Obel & Jesper Hallas &
Annmarie Lassen

Received: 7 November 2006 / Accepted: 9 January 2007 / Published online: 3 March 2007
# Springer-Verlag 2007

Abstract
Objective Several case-control studies have reported that
the use of fluoroquinolone increases the risk of rupture of
the Achilles tendon. Our aim was to estimate this risk by
means of a population-based cohort approach.
Setting Data on Achilles tendon ruptures and fluoroquinolone use were retrieved from three population-based databases that include information on residents of Funen
County (population: 470,000) in primary and secondary
care during the period 1991–1999. A study cohort of all
28,262 first-time users of fluoroquinolone and all incident
cases of Achilles tendon ruptures were identified.
Main outcome measures The incidence rate of Achilles
tendon ruptures among users and non-users of fluoroquinolones and the standardised incidence rate ratio associating
fluoroquinolon use with Achilles tendon rupture were the
main outcome measures.
Results Between 1991 and 2002 the incidence of Achilles
tendon rupture increased from 22.1 to 32.6/100,000 personyears. Between 1991 and 1999 the incidence of fluoroquinolone users was 722/100,000 person-years, with no
apparent trend over time. Within 90 days of their first use
of fluoroquinolone, five individuals had a rupture of the
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Achilles tendon; the expected number was 1.6, yielding an
age- and sex-standardised incidence ratio of 3.1 [(95%
confidence interval (95%CI): 1.0–7.3). The 90-day cumulative incidence of Achilles tendon ruptures among fluoroquinolone users was 17.7/100,000 (95%CI: 5.7–41.3),
which is an increase of 12.0/100,000 (95%CI: 0.0–35.6)
compared to the background population.
Conclusion Fluoroquinolone use triples the risk of Achilles
tendon rupture, but the incidence among users is low.
Keywords Achilles tendon . Antibiotics . Cohort study .
Incidence . Quinolone
Abbreviations
CI confidence interval

Introduction
Achilles tendon rupture is a condition that manifests as
complete or partial rupture of the Achilles tendon. It is
mainly related to physical activity, although rheumatoid
arthritis and the use of corticosteroids are additional risk
factors [1, 2]. The prevalence of Achilles tendon rupture
has been reported in a number of studies, with a range of 6
to 37/100,000 person-years, and it seems to increase with
calendar time [2–7]. Although most young individuals
recover completely following an Achilles tendon rupture,
the condition is associated with considerable morbidity and
loss of function among elderly [8, 9].
Population-based cohort and case-control studies have
demonstrated that fluoroquinolones can increase the risk
of tendinitis or Achilles tendon ruptures by a factor of
three to six [10–12]. The risk of Achilles tendon rupture
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Methods
We retrieved data from three large population-based
registers: the Patient Administrative System of Funen
County, the Odense University Pharmacoepidemiological
Database and the Civil Registration System. Data were
linked by the personal identifying code that is unique for
each Danish citizen [15].
Since 1974, the Patient Registration System of the
County of Funen has included 100% of all in-hospital
contacts in Funen County; in 1989, this was expanded to
include all out-patient visits as well. We retrieved data on
all discharges with a diagnosis code of Achilles tendon
rupture for the period 1974–2002 (ICD 8: 90810 and ICD
10: S860).
Since 1990, prescriptions reimbursed in Funen County
have been registered in the Odense Pharmacoepidemiological Database [16]. Data have been complete since 1992.
Each record contains the date of purchase, a full account of
what has been dispensed and the unique personal registration number. Prescriptions for fluoroquinolone have been
exempted from reimbursement since May 17, 1999, after
which time they were also no longer included in the
database. We retrieved data on all prescriptions for
fluoroquinolones, tetracyclines, penicillins, cephalosporins,
sulfonamides, macrolides, aminoglycosides and glycopeptides between January 1, 1991 and May 17, 1999.
To assess any misclassification of cases, we manually
reviewed the clinical records of all Achilles tendon ruptures
identified among users of fluoroquinolone and found no
misclassified case out of five registered Achilles tendon
ruptures. Data on death and migration out of the county for
all subjects were obtained from the Danish Civil Registration System.

Analyses
All patients registered for an Achilles tendon rupture
between 1974 and 2002 were identified, and the age- (10year age groups) and gender-specific incidence of Achilles
tendon rupture between 1991 and 2002 was calculated.
All redeemed prescriptions of fluoroquinolone between
January 1, 1991 and May 17, 1999 were identified; for
comparison purposes, we also identified all other redeemed
prescriptions for all other antibiotics in this same period.
Patients were excluded if they were not a resident of Funen
County at the time of the Achilles tendon rupture and/or at
the time of the redeemed prescription.
A cohort of all patients with first redeemed prescriptions
on fluoroquinolones was identified. We assigned a 90-day
risk window to each prescription. Relative risk was
calculated as the ratio between the observed and the
expected case numbers for fluoroquinolone users (standardised incidence ratio by indirect standardisation). The
absolute risk was expressed as the 90-day cumulative
incidence proportion per 100,000 persons. This measure
was calculated for new fluoroquinolone users and for the
background population, and the difference was termed the
risk difference. We standardised for gender and for age in
10-year intervals in all comparisons. Ninety-five percent
confidence intervals (95%CI) were calculated under the
assumption of a Poisson distribution for the number of
cases among fluoroquinolone users.
We calculated the population attributable proportion
using standard techniques [17]. This measure expresses
the proportion of all Achilles tendon ruptures cases that are
caused by fluoroquinolone intake.
With the aim of controlling for confounders that are
stable over time, a case-crossover analysis was performed
[18]. All patients with a first-time rupture of the Achilles
tendon between July 1, 1992 and May 17, 1999 were
identified and subsequently given two dates: a case-date,
which was the date that the Achilles tendon rupture was
registered, and a control-date, which was the date 365 days
before the case-date. Redeemed prescriptions of fluoroquinolone 90 days before the case- and control-date, respecruptures/100.000 inhabitants/year

is higher among the elderly than among young fluoroquinolone users [8, 10–12]. In two population-based studies,
the absolute risk of Achilles tendon diseases among
patients who use fluoroquinolones was found to range
between 7.74/100,000 days at risk and 3.2/1000 patientyears [10, 12].
The mechanisms behind the fluoroquinolone effect is
unknown, but it is probably due to direct toxicity and
degenerative changes on collagen fibres [2, 8, 9]. Fluoroquinolones possess chelating properties that are likely
involved in tendon toxicity as animals fed a magnesiumdeficient diet are at increased risk of fluoroquinoloneinduced tendon disorders [13, 14].
The aim of the present study was to describe the absolute
and relative incidence rate of Achilles tendon rupture
among fluoroquinolone-treated patients in comparison to
that in the general population.
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Fig. 1 Incidence rate of Achilles tendon rupture in Funen County in
the period 1991–2002 (cases/100,000 persons per year)
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Fig. 2 Age-specific incidence of fluoroquinolone use in Funen
County between 1991 and 1999

tively, were retrieved. The odds ratio (OR) was calculated by
conventional techniques as the discordant exposure ratio [18].
In this analysis, only subjects who were resident in Funen
County for at least 18 months were included. We also
included all uses of fluoroquinolones – not only first use as
in the main analysis. The reason for the more comprehensive
definition of usage was based on the fact that if we included
only the first use of flouquilonone, subjects could not
possibly be concordant users both on the index date and on
the reference date and, therefore, the conditions for
performing a case-crossover study would not be met.
All analyses were repeated for other antibiotics as a
group (tetracyclines, chloramphenicols, penicillins, cephalosporins, sulfonamides, macrolides, aminoglycocides and
glycopeptides).
Analyses were performed using STATA (release 8; Stata
Corp, College Station, Tex.). Approval was obtained from
the Danish Data Protection Board. Approval from an ethics
committee was not required.

Results
Between 1991 and 2002 a total of 1538 patients had an
incident involving the rupture of the Achilles tendon. The
Table 1 Observations of
Achilles tendon ruptures within
90 days of the first-time use
of fluoroquinolone and other
antibiotics

a

The standardised incidence
rate ratio is calculated by
indirect standardisation using
incidence data from the
background population

mean age of the patient at the time of the rupture was
44.2 years, and 75% were men. The mean incidence rate
was 27.3/100,000 person-years, but there was a trend
towards an increased incidence during this period – from
22.1/100,000 person-years in 1991 to 32.6/100,000 personyears in 2002 (Fig. 1). The peak incidence rate was found
among persons aged 30–49 years (55/100,000 persons per
year).
Between January 1, 1991 and May 17, 1999, we
identified a total of 28,262 patients with a first episode of
fluoroquinolone use. The mean age of these patients was
55 years (SD: 20.4), and 62% were women. The incidence
of first fluoroquinolone use varied between 500/100,000
persons per years in 1997 and 987/100,000 persons per year
in 1994, with no stable time-trend, and with a mean of 722/
100,000 persons per year. The incidence was strongly
related to age, with an incidence of 182/100,000 persons
per year for the 10- to 19-year-old group, increasing to
2146/100,000 persons per year for the 80- to 89-year-old
group (Fig. 2).
Among the 28,262 persons who had redeemed a
prescription on fluoroquinolone for the first time, five had
an Achilles tendon rupture during the first 90 days of
follow-up; the expected number was 1.6, and the standardised incidence rate ratio 3.1 (95%CI: 1.0–7.3) (Table 1).
The absolute 90-day risk was 17.7/100,000 persons, and the
absolute risk difference when compared to the general
population was 12.0/100,000 persons per 90-day period
(Table 2).
Among those patients ≥60 years the standardised
incidence ratio was 4.0 (95%CI: 0.5–14.4) in the 90-day
time-window, while the standardised incidence ratio was
2.5 (95%CI: 0.5–7.4) for patients younger than 60 years
(Table 1). The corresponding population attributable proportions are 0.3, 0.2 and 1.2% for the entire population, for
persons <60 years of age and for persons ≥60 years of age,
respectively.
A total of 911 patients had a first-time Achilles tendon
rupture between July 1, 1992 and May 17, 1999. Nine of
these had used fluoroquinolone in the 90-day period
immediately preceding the Achilles tendon rupture (casedate). One year previously, five individuals had used

Antibiotic use in relation
to age category

Observed Achilles
tendon ruptures (n)

Expected Achilles tendon
ruptures (n)

Standardised incidence
ratioa (95% confidence
interval)

Antibiotic Fluoquinolon use
Age <60 years
Age ≥60 years
Other antibiotic use
Age <60 years
Age ≥60 years

5
3
2
21
15
6

1.6
1.2
0.5
25.5
21.8
3.7

3.1 (1.0–7.3)
2.5 (0.5–7.4)
4 (0.5–14.4)
0.8 (0.5–1.3)
0.7 (0.4–1.1)
1.6 (0.6–3.5)
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Table 2 Absolute risk and incidence rate difference for Achilles tendon rupture within 90 days of the first-time use of fluoroquinolone or other
antibiotics
Antibiotic

First-time
users (n)

Observed Achilles tendon
ruptures (n)

n/ 100,000 per period
(95% CI)

Risk difference to background population
n/100,000 per period (95% CI)

Fluoroquinolone
Other antibiotic

28,262
401,080

5
21

17.7 (5.7–41.3)
5.2 (3.2–8.0)

12.0 (0.0–35.6)
−1.0 (−2.9–1.8)

Abbreviations: CI, Confidence interval

fluoroquinolone in the 90 days immediately preceding the
control date. One patient had used fluoroquinolones on both
occasions. This yields an OR of 1.8 (95%CI, 0.5–6.9) for a
90-day exposure window (Table 3).
Among the 401,080 persons who had redeemed prescriptions on other antibiotics for the first time, 21 had a rupture of
the Achilles tendon during the first 90 days of follow-up;
the expected number was 25.5, and the standardised
incidence ratio was 0.8 (95% CI 0.5–1.3) (Table 1). The
90-day risk was 5.2/100,000 persons, and the risk difference was 1.0/100,000 persons per 90-day period (Table 2).
Of the 911 patients with a first-time Achilles tendon
rupture between July 1, 1992 and May 17, 1999, 83 had
used other antibiotics during the 90 days immediately
preceding the Achilles tendon rupture (case-date). One year
previous, 93 had used other antibiotics during the 90 days
immediately preceding the control-date, yielding an OR of
0.9 (95%CI: 0.6–1.2) in the case-crossover analysis
(Table 3).

Discussion
The results of this study indicate that the risk of a person
suffering a rupture of the Achilles tendon was threefold
higher within 90 days of using fluoroquinolone for the first
time than that calculated for the background population. In
addition, we found that the absolute risk of Achilles tendon
rupture is low.
The strength of the study is its population-based cohort
design. More than 95% of all hospital treatments are
performed within the public health system, and since
contacts are registered by the Danish personal registration
numbers, we were able to follow individual persons over
Table 3 Case-crossover analysis of prescriptions on fluoroquinolone/
other antibiotics in the different time windows for 911 patients with an
incident Achilles tendon rupture
Antibiotic

Index date

Reference datea

Odds ratio
(95%CI)

Fluoroquinolone
Other antibiotic

9
83

5
93

1.8 (0.5–6.9)
0.9 (0.6–1.2)

a

We used a reference time of 365 days before the index date

time with nearly no loss to follow-up. However, a main
weakness of the study is that although we were able to
identify a study cohort of 28,262 individuals who were
first-time users of fluoroquinolone, only five of these had a
rupture of the Achilles tendon during the first 90 days of
follow-up. Another weakness of our study is the risk of
misclassified cases of Achilles tendon rupture among nonusers of fluoroquinolone. To decrease this risk, we
reviewed the records of all Achilles tendon ruptures among
fluoroquinolone users and found no misclassified case. No
validation has been undertaken for the non-users, which
may have biased our relative risk measures and our risk
difference towards lower values. A further weakness is the
fact that although we have information on the total doses of
retrieved fluoroquinolone, we have no information on the
prescribed daily dose, which may result in misclassification
of the usage period. However, as yet it is unknown if the
risk of Achilles tendon rupture is associated to the actual
use of fluoroquinolone or if it is a long-term effect
following its use. We chose a 90-day period for the main
results and repeated the analysis with the risk of Achilles
tendon rupture in different time-windows following redemption of the first prescription of fluoroquinolone. The
relative risk was 3.6 in a 30-day window and 2.7 in a 180day window, which supports an assumption of a long-term
effect.
Between 1991 and 2002 the incidence of Achilles
tendon ruptures increased from 22.1 to 32.6/100,000
persons per year in Funen Country. The level – as well as
the time-related increasing incidence – are in accordance
with results from previous studies [2–7]. The observed
incidence of fluoroquinolone users was 722/100,000 persons per year with no increasing trend with time but with a
much higher use among the elderly than among young
persons. No other incidence figures exists, but in The
Netherlands the prevalence of fluoroquinolone users increased from 840/100,000 inhabitants per year in 1991 to
2040/100,000 inhabitants per year in 1996 [19]. In Funen
County, the prevalent use of fluoroquinolone started to
increase after 2003, and in 2005 the number of prevalent
users was 1100/100,000 persons (http://www.medstat.dk/
MedStatDataViewer.php; accessed July 2006).
Among patients younger than 60 years of age, we found
that the risk of Achilles tendon rupture was 2.5-fold higher
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among fluoroquinolone users than in the general population
and that the proportion of Achilles tendon ruptures related
to the use of fluoroquinolone was less than 1%. Among
patients >60 years the relative risk was fourfold higher.
These results are consistent with results from a study of Van
der Linden, who demonstrated that there was no increased
relative risk for patients under 60 years of age but that there
was a 6.4-fold increased relative risk for patients aged 60–
79 years and a 20.4-fold increased relative risk for patients
aged 80 years or more [11]. Van der Linden estimated that
2–6% of all Achilles tendon ruptures among patients older
than 60 years could be attributed to the use of fluoroquinolone [11]. The apparent discrepancy with our figures is
probably best explained by local antibiotic policy; the
Danish tradition for antibiotic use is extremely conservative, with low use in general and narrow-spectrum
penicillins as the preferred choice [20]. Thus, in the Danish
setting, Achilles tendon ruptures would only rarely be
explained by fluoroquinolone use. The reason for the
observed age-related difference in relative risk is unknown,
but it may be related to an age-specific effect of
fluoroquinolone, comorbidity or concomitant use of corticosteroids [8].
We controlled for possible confounding factors as age
and sex but were unable to control for other factors, such as
physical activity, comorbidity and the use of corticosteroids; this inability is an important weakness of the
analysis. To compensate – partially – for the confounding
factors of chronic comorbidity and average physical
activity, we performed a case-crossover analysis of patients
with first time Achilles tendon ruptures. Although our
results did not reach statistical significance, the analysis
supports the observation of an increased risk of Achilles
tendon rupture among patients who use fluoroquinolone.
However, all our results have to be interpreted with caution
as we have made no direct control for other confounding
factors than age and sex.
With the aim of demonstrating that the observed effect
was related to a specific effect of fluoroquinolone, we
repeated the analysis in patients treated with non-quinolon
antibiotics and found no increased risk of Achilles tendon
rupture among these patients. This supports our hypothesis
that the increased risk of Achilles tendon ruptures seen
among flouquinolon-treated patients is related to the drug
rather than its indication.
In conclusion, we found that although the relative risk of
Achilles tendon rupture is increased by a factor three among
patients who use fluoroquinolones, the absolute increase in
risk is low – only 12 per 100,000 treated. This corresponds to
only one excess Achilles tendon rupture per 8300 treatments
and should not be a factor determining whether or not to
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prescribe fluoroquinolones to patients with serious infections, for whom this antibiotic is appropriate.
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