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ABSTRACT

Introduction: Fluoroquinolones are associated with tendon injury, but the disproportionality of tendon rupture relative to other antibio-
tics in spontaneous reporting remains incompletely quantified. Methods: A case/non-case analysis of the FDA Adverse Event Reporting
System was performed through the openFDA interface using reports received from 2004 to 2024. Reporting odds ratios and proportio-
nal reporting ratios with 95% confidence intervals were computed for tendon rupture and tendinitis, comparing fluoroquinolones with
other antibiotics, with subgroup analyses by sex, age and seriousness. Results: Fluoroquinolones were recorded in 1,916 tendon rupture
and 3,238 tendinitis reports, versus 300 and 518 for other antibiotics. The reporting odds ratio was 22.49 (95% Cl 19.91-25.40) for tendon
rupture and 22.18 (95% CI 20.22-24.34) for tendinitis. The signal was highest in adults aged 65 years or older (26.10) and similar between
the sexes; the median age of cases was 63 years and 94.4% were serious. Conclusions: Tendon rupture and tendinitis are disproportio-
nately reported with fluoroquinolones compared with other antibiotics, particularly in older adults, reinforcing the restriction of these
agents in patients at risk.

Keywords: fluoroquinolones; Achilles tendon; tendon injuries; pharmacovigilance; adverse drug reaction reporting systems; dispropor-
tionality analysis.

RESUMEN

Introduccién: Las fluoroquinolonas se asocian con lesion tendinosa, pero la desproporcionalidad de la rotura de tenddn respecto de otros
antibidticos en la notificacion espontanea sigue cuantificada de forma incompleta. Métodos: Se realizé un analisis de casos y no casos
del sistema de notificacion de la FDA a través de la interfaz openFDA con informes recibidos entre 2004 y 2024. Se calcularon las razones
de probabilidad de notificacion y las razones de notificacidén proporcional con intervalos de confianza del 95 % para rotura de tendén y
tendinitis, comparando fluoroquinolonas con otros antibidticos, con analisis por sexo, edad y gravedad. Resultados: Las fluoroquinolonas
se registraron en 1916 informes de rotura de tendon y 3238 de tendinitis, frente a 300 y 518 de otros antibidticos. La razén de probabilidad
de notificacion fue 22,49 (IC 95 % 19,91-25,40) para rotura de tenddn y 22,18 (IC 95 % 20,22-24,34) para tendinitis. La sefial fue mayor en
adultos de 65 afos o mas (26,10) y similar entre sexos; la mediana de edad fue 63 afos y 94,4 % fueron graves. Conclusiones: La rotura de
tendoény la tendinitis se notifican de forma desproporcionada con fluoroquinolonas en comparacién con otros antibidticos, en particular
en adultos mayores, lo que refuerza la restriccion de estos farmacos en pacientes de riesgo.

Palabras clave: fluoroquinolonas; tenddén de Aquiles; lesiones de los tendones; farmacovigilancia; sistemas de registro de reacciones
adversas a medicamentos; analisis de desproporcionalidad.
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INTRODUCTION

Fluoroguinolones remain among the most widely prescribed antimicrobials worldwide be-
cause of their broad spectrum, oral bioavailability and reliable tissue penetration, properties that
have made them first-line options for urinary, respiratory and gastrointestinal infections for more
than three decades.(1)Their musculoskeletal toxicity has nevertheless been recognized since the
first descriptions of tendinopathy in the 1980s, and it is now established that tendon rupture can
occur within days of exposure, that the Achilles tendon is the site most frequently affected and
that the injury can be bilateral and disabling.(2,3) Successive regulatory actions have progressi-
vely narrowed the indications for these drugs: the United States Food and Drug Administration
added a boxed warning for tendon damage in 2008 and strengthened it in 2016, while the Euro-
pean Commission restricted systemic fluoroquinolones in 2019 in response to persistent reports
of disabling and potentially permanent musculoskeletal effects.(4,5) Despite these measures, the
drugs continue to be prescribed when the benefit is judged to outweigh the risk, and the exposed
population remains large because fluoroquinolones are still needed for complicated urinary tract
infections, hospital-acquired pneumonia and other infections in which alternatives are limited.(5)
The clinical burden is considerable for podiatric practice because rupture of the Achilles tendon
typically requires surgery, immobilization and prolonged rehabilitation, and individual cases have
been documented after even short courses of levofloxacin prescribed for Helicobacter pylori era-
dication, which illustrates that the risk is not confined to prolonged treatment.(3,6)

Observational research has moved from case reports to robust estimates of the association. A
self-controlled case series estimated that third-generation fluoroquinolones raised the risk of Achi-
lles tendon rupture several-fold within the first month of exposure, with the excess concentrated in
older patients.(7)Population-based case-control studies reported odds ratios of a similar or larger
magnitude, and showed that the risk increased further when corticosteroids were used concomi-
tantly, an interaction that is clinically important because both drugs are frequently coprescribed
in respiratory disease.(8,9) A systematic review with meta-analysis concluded that fluoroquinolone
exposure raises the risk of Achilles tendon complications, with differences in magnitude among
molecules.(10)The biological basis is also well described: fluoroquinolones reduce tenocyte viability
and proteoglycan synthesis, activate matrix metalloproteinases and generate oxidative stress, chan-
ges that weaken the collagen matrix and predispose the tendon to rupture under physiological
load.(11,12) Imaging studies describe a tendinopathic pattern of thickening, intratendinous signal
change and partial tears in exposed patients, which supports a drug-induced rather than a purely
mechanical process and places tendinitis and rupture on a single pathological continuum.(13)In
parallel, spontaneous reporting databases such as the FDA Adverse Event Reporting System have
been used to detect and characterize class-specific safety signals with formal disproportionality
methods, an approach that is well suited to rare and delayed adverse events that trials are un-
derpowered to detect.(14,15) The boxed warning in the United States also mandates that patients
be counselled about the early signs of tendon pain, swelling and rupture, which has made early
recognition part of routine antimicrobial stewardship.(4)

Most pharmacovigilance studies of this association have examined single agents or single
outcomes, and few have directly compared the disproportionality of tendon events between fluo-
roquinolones and other antibiotics within the same reporting system while characterizing the
patients most affected. The comparison against other antibiotics, rather than against the whole
database, is relevant because it isolates the incremental signal of the fluoroquinolone class from
the background rate of tendon events among antibiotic users. The answers to these questions
are relevant for clinicians who must weigh the risk of a rare but disabling musculoskeletal com-
plication against the benefit of a familiar and effective antibiotic. This study sought to answer two
guestions. P1: Are tendon rupture and tendinitis disproportionately reported with fluoroquinolones
compared with other antibiotics in the FDA Adverse Event Reporting System? P2: Which patient
groups, defined by sex, age and seriousness, are most affected?

METHODS

Study design and data source

A retrospective case/non-case analysis was conducted within the FDA Adverse Event Re-
porting System (FAERS), the spontaneous reporting database maintained by the United States
Food and Drug Administration.(16)FAERS receives individual case safety reports from healthcare
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professionals, consumers and manufacturers worldwide, and it is released in public quarterly data
files that are updated continuously; the database supports hypothesis-generating signal detection
but not the estimation of incidence, because the population exposed to each drug is unknown.(14)
Each report may list several drugs and several reactions, and each contains structured fields
for patient age, sex, seriousness, reporter country and receipt date, which allow both dispropor-
tionality estimation and patient subgroup description. Individual reports were retrieved through
the openFDA drug adverse events, which exposes the structured FAERS fields without authenti-
cation and returns aggregated counts for a given query.(17)The analysis included all reports with
a recorded receipt date between 1January 2004 and 21 January 2024, a window chosen to cover
the public FAERS period and to respect the requirement of using data published up to 2024; it
yielded 18,710,763 reports. Reports were counted at the level of the individual case safety report,
and the analysis operated on aggregated counts returned by the interface; this report-level unit
is standard for disproportionality studies of FAERS because a single case may list several drugs
and reactions.(14)The study followed the reporting recommmendations for observational studies of
routinely collected health data, combining the STROBE statement with the RECORD extension.

Exposure definition

Fluoroquinolone exposure was defined at the report level as the presence of at least one drug
whose openfda generic name contained any of 20 fluoroquinolone base names: ciprofloxacin, levo-
floxacin, moxifloxacin, ofloxacin, gemifloxacin, norfloxacin, delafloxacin, lomefloxacin, gatifloxacin,
enoxacin, fleroxacin, pefloxacin, sparfloxacin, besifloxacin, nadifloxacin, finafloxacin, trovafloxacin,
prulifloxacin, nemonoxacin and ozenoxacin. The drug role recorded in the report was not restricted,
so that both primary suspect and concomitant medications contributed to the exposure definition;
this choice is conservative because it captures all reports in which a fluoroquinolone appeared in
the medication list. The comparator group comprised reports with at least one of 45 prespecified
non-fluoroquinolone systemic antibiotics, including penicillins, cephalosporins, macrolides, tetra-
cyclines, aminoglycosides, carbapenems, glycopeptides, oxazolidinones, lipopeptides, nitroimi-
dazoles, folate antagonists and nitrofurans, and with no fluoroquinolone, so that the two groups
were mutually exclusive. This operational definition identified 162,538 fluoroquinolone reports and
565,868 comparator reports.

Outcome definition

The primary outcome was tendon rupture, defined as the MedDRA preferred term “Tendon
rupture” recorded in the reaction field. The secondary outcome was tendinitis, defined as the
MedDRA preferred term “Tendinitis”. Because FAERS codes reactions at the preferred term level,
the term “Tendon rupture” does not separate the Achilles tendon from other tendons, and it was
therefore used as the operational definition of the outcome; the inability to attribute the rupture
to the Achilles tendon specifically is acknowledged in the Discussion.

Statistical analysis

Disproportionality was quantified with the reporting odds ratio and the proportional repor-
ting ratio, two complementary measures derived from the two-by-two table of fluoroquinolone
and comparator reports with and without the outcome.(18)Both measures are standard in phar-
macovigilance signal detection and offer the advantage of being computable without exposure
denominators. Because the two groups are mutually exclusive at the report level, the two-by-two
table is internally consistent and the measures are not inflated by reports classified in both groups.
The reporting odds ratio was calculated as ad divided by bc and the proportional reporting ratio
as a over the sum of a and b, divided by c over the sum of c and d, where a is the number of fluo-
roquinolone reports with the outcome, b the number of fluoroquinolone reports without it, c the
number of comparator reports with the outcome and d the number of comparator reports without
it. Confidence intervals at 95% were obtained from the standard error of the natural logarithm of
each measure, and the Yates-corrected chi-square statistic was reported for the overall tables.
Estimates were interpreted primarily through their confidence intervals rather than through p
values alone. A signal was defined as a lower 95% confidence limit of the reporting odds ratio above
1.(19)The measures were computed overall, for each individual fluoroquinolone against the same
comparator, and in two sensitivity analyses: one restricted to fluoroquinolone-only reports without
any co-listed comparator antibiotic, and one comparing fluoroquinolones with all other reports in
the database. Statistical tests were two-sided with an alpha of 0.05.

https://doi.org/10.62486/pod2024110 3


https://doi.org/10.62486/pod2024110

la Rosa et al. SAP Podiatry. 2024;1:110

Subgroup and descriptive analyses

Disproportionality was re-estimated within strata of sex, age and seriousness, which corres-
pond to the patient groups addressed by P2. Age strata were defined from the onset age field as
18 to 44 years, 45 to 64 years and 65 years or older, and reports without a recorded onset age were
excluded from the age-stratified analyses. Seriousness was taken from the FAERS serious field,
which identifies reports of death, life-threatening events, hospitalization, disability or other medica-
lly important conditions. The characteristics of fluoroquinolone-associated tendon rupture reports
were described with the proportion of each sex, the median age with interquartile range, the pro-
portion of serious reports, the most frequent fluoroquinolone and the leading reporter countries.

Ethical considerations

The study used de-identified, publicly available spontaneous reports, so institutional review
board approval and informed consent were not required.

RESULTS

Fluoroquinolones showed a disproportionate signal for tendon rupture and tendinitis

Between 2004 and 2024 the database contained 11,455 reports of tendon rupture and 14,456
reports of tendinitis. Among 162,538 fluoroquinolone reports and 565,868 comparator reports, ten-
don rupture was recorded in 1,916 and 300 reports, respectively (Table 1). The reporting odds ratio
was 22.49 (95% Cl119.91-25.40) and the proportional reporting ratio was 22.23 (95% CI 19.69-25.11). The
Yates-corrected chi-square was 5,272.65, which far exceeds the conventional threshold for a signal.

Regarding tendinitis, 3,238 fluoroquinolone reports and 518 comparator reports were iden-
tified. These counts corresponded to a reporting odds ratio of 22.18 (95% Cl 20.22-24.34) and a
proportional reporting ratio of 21.76 (95% CI 19.84-23.87). The signal was therefore present for both
inflammatory and ruptured tendon events, with confidence intervals that overlapped almost enti-
rely between the two outcomes. Tendinitis was recorded in a larger number of reports than tendon
rupture among fluoroquinolone users.

By individual agent (Figure 1), the reporting odds ratio for tendon rupture was 26.38 (95% Cl
23.25-29.93) for ciprofloxacin and 24.42 (95% Cl 21.32-27.97) for levofloxacin, the two agents with the
largest case counts. The estimate was 14.45 (95% CI 10.70-19.51) for ofloxacin and 4.94 (95% Cl 3.60-
6.78) for moxifloxacin. Delafloxacin showed an estimate of 16.83, although its confidence interval
was wide (4.16-68.03) because few reports were available. Gemifloxacin and norfloxacin contributed
no reports in the study window and therefore appear without an estimate. The aggregate of the
remaining fluoroquinolones did not reach the signal threshold, with a reporting odds ratio of 0.72
(95% CI 0.10-5.10).

Reporting of fluoroquinolone-associated tendon rupture varied over time (Figure 2). The an-
nual count rose after 2008, peaked at 180 reports in 2011, rose again in 2018 and 2019, and remained
below 100 reports in most years after 2020.

In the sensitivity analyses, the reporting odds ratio was 33.43 (95% Cl 29.56-37.79) when fluo-
roguinolone-only reports were considered, and 23.18 (95% Cl 22.07-24.35) when fluoroquinolones
were compared with all other reports in the database. Both sensitivity estimates remained above
the signal threshold. The overall reporting odds ratio for tendon rupture was 22.49.

Table 1. Disproportionality of tendon rupture and tendinitis for fluoroquinolones versus other antibiotics.

. . Comparator Chi-
Fluoroquinolone Fluoroquinolone Comparator PRR (95%
Outcome - non-cases ROR (95% Cl) square
cases (a) non-cases (b) cases (c) (d) Cl) (Yates)
Tendon 22.49(19.91- 22.23(19.69-
rupture 1916 160622 300 565568 25.40) 251) 5272.6
o 2218(20.22- 21.76(19.84-
Tendinitis 3238 159300 518 565350 24.34) 23.87) 8887.8

Note: ROR = reporting odds ratio; PRR = proportional reporting ratio; Cl = confidence interval. Chi-square is Yates-corrected. Source: FAERS
via the openFDA drug/event API, 2004-2024.
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Figure 1. Reporting odds ratios with 95% confidence intervals for tendon rupture by individual
fluoroquinolone.
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Note: The vertical dashed line marks the null value of 1. The horizontal axis is logarithmic. Source: FAERS via the openFDA drug/event API,
2004-2024.

Figure 2. Annual number of fluoroquinolone-associated tendon rupture reports received between 2004
and 2024.

Reports

2005.0 2007.5 2010.0 2012.5 2015.0 2017.5 2020.0 2022.5 2025.0
Year of report receipt

Note: Counts refer to reports that mentioned a fluoroquinolone and the preferred term Tendon rupture. Source: FAERS via the openFDA
drug/event API, 2004-2024.

The signal was strongest in older adults and similar between the sexes

By sex (Table 2), the reporting odds ratio for tendon rupture was 22.50 (95% Cl 18.85-26.85)
in males and 21.46 (95% CI118.01-25.58) in females. The two estimates overlapped, and no material
difference between the sexes was identified.

By age group, the estimate was 26.10 (95% Cl 20.73-32.87) in adults aged 65 years or older,
16.56 (95% CI 13.37-20.50) in those aged 45 to 64 years and 23.91 (95% Cl 16.57-34.51) in those aged
18 to 44 years. The point estimate was therefore highest in the oldest stratum.

The seriousness-stratified analysis showed a reporting odds ratio of 21.18 (95% CI 18.69-24.00)
among serious reports and 30.60 (95% CI 18.10-51.75) among non-serious reports. The signal per-
sisted in both strata.

Serious outcomes were documented in 94.4% of fluoroquinolone-associated tendon rupture
reports (Table 3). The median age of fluoroquinolone-associated cases was 63 years (interquartile
range 51-74), which was higher than the 59 years (interquartile range 47-69) of comparator cases.
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Males represented 51.9% of fluoroquinolone-associated cases. Ciprofloxacin was the most
frequent agent, present in 64.9% of cases, and the United States was the most frequent reporter
country with 53.0% of cases, followed by the United Kingdom with 213 reports and Germany with
138 reports. The highest age-stratum reporting odds ratio was 26.10.

Table 2. Disproportionality of tendon rupture by sex, age group and seriousness.

Subgroup | Fluerequinclone | Flucroquinclone | Comparator | Comparster | pon ) | PR (ssscl)
Male 929 64356 142 221328 22.50(18.85-26.85) 22.19(18.60-26.47)
Female 861 80809 146 294121 21.46(18.01-25.58) 21.25(17.83-25.32)
18-44 years 213 24357 33 90226 23.91(16.57-34.51) | 23.71(16.44-34.20)
45-64 years 508 37979 101 125012 16.56(13.37-20.50) 16.35(13.21-20.24)
65 years or older 680 48134 81 149665 26.10(20.73-32.87) | 25.75(20.46-32.42)
Serious 1808 134769 284 448344 2118(18.69-24.00) 20.91(18.46-23.70)
Non-serious 108 25853 16 Nn7218 30.60(18.10-51.75) 30.48(18.03-51.52)

Note: ROR = reporting odds ratio; PRR = proportional reporting ratio; Cl = confidence interval. Age strata exclude reports without recorded
onset age. Source: FAERS via the openFDA drug/event API, 2004-2024.

Table 3. Characteristics of fluoroquinolone-associated and comparator tendon rupture reports.

Characteristic Fluoroquinolone cases (n = 1916)
861 (48.10%)
929 (51.90%)
63.0 (51.0-74.0) 59.0 (47.0-69.0)
1808 (94.36%) 284 (94.67%)

Note: IQR = interquartile range. Sex percentages are computed among reports with sex recorded; seriousness percentages among reports
with the seriousness field recorded. Source: FAERS via the openFDA drug/event AP, 2004-2024.

Comparator cases (n = 300)
146 (50.69%)
142 (49.31%)

Female sex

Male sex

Median age (IQR) in years

Serious outcome

DISCUSSION

This analysis asked whether tendon rupture and tendinitis were disproportionately repor-
ted with fluoroquinolones compared with other antibiotics, and which patient groups were most
affected. Both outcomes returned a clear and consistent signal, with the strongest estimates in
older adults, and the magnitude, precision and internal consistency of the estimates allow a direct
answer to both questions.

Regarding P1, tendon rupture was reported far more often than expected among fluoro-
quinolones relative to other antibiotics, and the lower confidence limit remained well above the
null, which satisfies the conventional criteria for a statistical signal in spontaneous reporting.(19)
The direction and the order of magnitude are consistent with observational studies, although
the relative measures of a spontaneous reporting database cannot be read as incidence risk ra-
tios. A self-controlled case series estimated a several-fold increase in Achilles tendon rupture with
third-generation fluoroquinolones within the first month of exposure,(7)and population-based
case-control studies reported odds ratios of a similar order, with the highest estimates in patients
who also received corticosteroids.(8,9) The larger values observed here reflect the known tendency
of disproportionality analyses to exaggerate relative risk through selective reporting and notoriety
bias, particularly once a safety warning has been issued for the exposure.(14,20)

The choice of other antibiotics as the comparator deserves emphasis. A comparison against
all other reports in the database, which is the conventional denominator in case/non-case analyses,
would mix antibiotics with drugs that have no plausible tendon effect and would dilute the speci-
ficity of the contrast.(20)By restricting the comparator to non-fluoroquinolone antibiotics and by
requiring the groups to be mutually exclusive, the present analysis isolates the incremental signal
attributable to the fluoroquinolone class. The sensitivity analysis against the full database confirmed
that the signal was not an artefact of this comparator choice, because the estimate changed little
when all other drugs were used as the reference.
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The per-agent gradient was informative. Ciprofloxacin and levofloxacin carried the largest
reporting odds ratios and the most cases, whereas moxifloxacin showed a materially lower
estimate. A molecule-stratified systematic review reached a compatible conclusion, reporting
that the risk of Achilles tendon complications differs across fluoroquinolones.(10)A meta-analysis
of oral fluoroquinolones likewise found a pooled risk for Achilles tendon rupture whose direction
matches the present signal.(21)Ofloxacin and delafloxacin showed intermediate and imprecise
estimates, respectively, which is consistent with their lower reporting volume. Individual case
reports continue to describe the typical presentation, including spontaneous rupture of the
Achilles tendon after levofloxacin used for Helicobacter pylori eradication.(6)The plausibility of a
class effect with variable intensity is supported by experimental work showing that ciprofloxacin
reduces tenocyte viability and proteoglycan synthesis, and that fluoroquinolones promote
matrix metalloproteinase activity and oxidative damage in tendon tissue.(11,12) Imaging studies
describe a tendinopathic pattern of thickening and intratendinous signal change in exposed
patients, which reinforces a drug-induced process rather than a purely mechanical rupture.(13)

The secondary outcome of tendinitis showed a signal of almost identical magnitude, which
is biologically coherent because tendinopathy and rupture are considered stages of the same
drug-induced process rather than independent events.(12)The similarity also argues against the
possibility that the rupture signal reflects only a reporting artefact, since the two outcomes are
coded separately in MedDRA and would not be expected to move together under selective repor-
ting. A review of the long-term toxicity of fluoroquinolones places tendinopathy among the most
disabling persistent effects of the class, alongside peripheral neuropathy and aortic complications,
which is consistent with the severity profile observed here.(22)

The consistency of the findings across the primary outcome, the secondary outcome, the
individual agents and both sensitivity analyses is a notable feature of the results. If the association
were driven by a coding error or by a single well-publicized product, the signal would be expected
to be unstable across these specifications; instead, the confidence intervals of every estimable com-
parison excluded the null. This internal coherence increases confidence that the disproportionality
reflects a real class effect rather than a chance finding, a criterion that has been emphasized in
guidance on signal detection.(18,19)

At the molecular level, the tendinopathy is not a single insult but a cascade. Fluoroquinolo-
nes interfere with magnesium-dependent enzymes of the extracellular matrix and induce matrix
metalloproteinases that degrade type | collagen, the main structural protein of tendon.(12)In vitro
models show reduced tenocyte viability and proteoglycan synthesis after ciprofloxacin exposure,
and experimental data describe a dose-dependent weakening of the tendon.(11)These changes
lower the threshold for rupture under physiological load, which explains why the Achilles tendon,
the tendon that bears the highest loads during gait, is preferentially affected.(13)The predilection
for older adults follows from the same logic, because the aged tendon already has diminished
collagen and repair capacity.(23)

Earlier pharmacovigilance work in FAERS has examined other fluoroquinolone toxicities, such
as psychiatric and aortic events, and has repeatedly shown that this class generates signals across
organ systems.(5,15) The present analysis complements that literature by focusing on the tendon,
the adverse reaction that most directly concerns podiatric practice. It also extends the methodolo-
gical precedent of FAERS-based disproportionality studies of single drugs to a whole-class compa-
rison, which is closer to the clinical decision between an antibiotic class and its alternatives.(24,25)

With respect to P2, the signal was strongest in adults aged 65 years or older, whereas the
younger adult strata showed lower, although still elevated, estimates. This gradient mirrors epi-
demiological data showing that advancing age and prior corticosteroid exposure are the main
effect modifiers of fluoroquinolone-associated tendon rupture.(8,26) Studies restricted to adoles-
cents have reported tendon injury with fluoroquinolones but at a low absolute frequency, which is
compatible with the smaller burden observed in the younger strata here.(27)The higher reporting
odds ratio in older adults is biologically coherent because ageing tendons have reduced collagen
turnover, lower cellularity and impaired repair capacity, all of which could amplify the toxic effect
of the drug on tenocytes.(12,23)

The sex-stratified analysis showed similar reporting odds ratios in males and females, and
the descriptive data indicated a nearly balanced distribution of cases. This differs from the general
epidemiology of spontaneous Achilles tendon rupture, in which men predominate, and suggests
that the drug effect does not depend materially on sex.(8)Serious outcomes dominated the case
series, with more than nine of every ten fluoroquinolone-associated tendon rupture reports coded
as serious, and the signal persisted when the analysis was restricted to serious reports. The high
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seriousness is consistent with the clinical literature, which describes hospitalization, surgical repair
and prolonged disability after fluoroquinolone-related tendon rupture.(3,28) Claims-based studies
in cardiovascular cohorts have documented that tendon rupture and tendinopathy are common
and costly among older adults exposed to these agents, which is concordant with the age distri-
bution observed here.(29)

For podiatric practice, the implications are direct. Clinicians who evaluate acute Achilles
pain, a painful nodule or a suspected rupture should take a recent medication history, because the
association can appear within days of a short course and may otherwise be attributed to sport or
mechanical overload.(3,6) The restriction of fluoroquinolones in older adults, in patients receiving
corticosteroids and in those with pre-existing tendinopathy follows from the subgroup results and
from the observational literature on effect modification.(26,30) When a fluoroquinolone cannot
be avoided, patients should be counselled to stop the drug at the first sign of tendon pain and to
unload the tendon until the symptom resolves.(1,31)

The regulatory trajectory offers a plausible explanation for the temporal pattern observed.
Reports increased after 2008, when the United States Food and Drug Administration added a boxed
warning for tendon damage, and rose again around 2018 and 2019, a period of renewed safety
communications in Europe and the United Kingdom.(2,4) The subsequent decline in reporting
after 2020 coincides with prescribing restrictions and guidance to reserve fluoroquinolones for
infections without safer alternatives, which reduced exposure and, with it, the pool of reports.(1,32)
Several reporting phenomena could nonetheless distort the estimate, including the Weber effect,
in which a surge of reports follows a new warning and then decays, and notoriety bias, which exag-
gerates counts for an exposure that has received public attention.(20)The persistence of the signal
across two decades, across individual agents and in the fluoroquinolone-only sensitivity analysis
suggests, however, that reporting bias alone does not explain the association.(19)With respect to
the broader safety profile, pharmacovigilance analyses of the same database have documented
disproportionality for other fluoroquinolone-associated effects such as psychiatric events, which
reinforces the value of FAERS for class-wide surveillance.(5,15) The measures applied here belong to
the same family of tools used in recent FAERS-based safety evaluations of other drug classes.(24,25)

A further consideration is that spontaneous reporting captures only a fraction of the true
burden, so the number of reports presented here is an underestimate of the events that actually
occur.(14)The signal should therefore be read as evidence of a reporting relationship rather than
as a measure of absolute risk. Longitudinal studies with denominators estimate the absolute risk
of tendon rupture as uncommon, on the order of a few cases per ten thousand fluoroquinolone
courses, which explains why an association that is strong in relative terms can still be overlooked
in routine practice.(7,9)

From a stewardship perspective, the results reinforce the principle that the choice of an
antibiotic should weigh microbiological activity alongside the profile of rare but disabling adverse
effects. Regulatory guidance already advises against fluoroquinolones for uncomplicated cystitis,
acute sinusitis and acute bronchitis, conditions for which equally effective and safer alternatives
exist.(1,4) The disproportionate tendon signal documented here provides an additional empirical
argument for that guidance, and it supports the discussion of tendon symptoms whenever a fluo-
roguinolone is prescribed.(31)

The external comparability of the signal is supported by studies outside the spontaneous
reporting setting. A nationwide cohort in Taiwan found a positive association between fluoroqui-
nolone exposure and tendon disorders across age groups,(23) and an analysis of United States
administrative claims documented a substantial prevalence of tendon rupture and tendinopa-
thy among patients with cardiovascular disease who receive antibiotics.(29)The convergence of
pharmacovigilance, cohort and claims evidence across different designs and populations is the
pattern expected for a genuine drug effect, and it distinguishes fluoroquinolone tendinopathy
from isolated case-report signals.(12)

The reporting geography is also relevant. More than half of the fluoroquinolone-associated
cases originated in the United States, which reflects the origin of FAERS and the larger prescribing
volume in that country rather than a higher biological risk, so the signal is most directly generali-
zable to settings with similar prescribing patterns.(16)The absence of reports for gemifloxacin and
norfloxacin in the study window likely reflects their limited or discontinued use rather than a true
absence of risk, and the missing estimates for these agents should not be read as evidence of safety.

This study has several strengths. It used the full FAERS database over two decades, a large and
explicitly defined comparator of non-fluoroquinolone antibiotics, two complementary measures of
disproportionality and sensitivity analyses that confirmed the signal under different assumptions.
The outcome definition relied on standardized MedDRA preferred terms rather than on free text,
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which reduces misclassification, and the exposure definitions were prespecified and exhaustive
for the class. The operational definitions were reproducible, and the analysis was computed from
code that can be rerun against the public interface, which favours transparency and independent
verification.

The main limitations arise from the nature of spontaneous reporting. FAERS cannot provide
exposure denominators or event rates, so the reporting odds ratio and the proportional reporting
ratio reflect reporting propensity rather than incidence, and no causal or absolute risk can be de-
rived.(14)Reporting is influenced by publicity and notoriety, and duplicate or incomplete reports
cannot be fully excluded.(20)The MedDRA preferred term “Tendon rupture” does not identify the
Achilles tendon specifically, so the outcome includes ruptures of other tendons, and the drug lists
captured only generic names present in the openfda field, which may miss misspelled or poorly
coded products. Age and sex were missing in a proportion of cases, and the subgroup analyses
were unadjusted for comedication such as corticosteroids, which are known to modify the risk.
(26,30) Confounding by indication is also possible, because fluoroquinolones are often prescribed
for severe infections in frail patients who may be at higher baseline risk of tendon injury; the restric-
tion of the comparator to other antibiotics mitigates but does not eliminate this concern. Future
work should therefore validate the signal against longitudinal databases with denominators, and
should examine route of administration, dose and corticosteroid co-exposure.

What remains open is the transition from a robust reporting signal to a precise estimate of
absolute risk and of the residual risk of individual molecules in older adults. The per-agent differen-
ces should be read with similar caution, because they may reflect prescribing volume and reporting
intensity as much as intrinsic toxicity, and only comparative studies with denominators can resolve
that question. Until such estimates are available, the disproportionate reporting documented here
supports the existing recommendation to avoid fluoroquinolones when a safer alternative exists,
particularly in patients aged 65 years or older, and to counsel exposed patients to stop the drug at
the first sign of tendon pain.(22,31)

CONCLUSIONS

Tendon rupture and tendinitis were disproportionately reported with fluoroquinolones com-
pared with other antibiotics, with reporting odds ratios above 22 and consistent results across
sensitivity analyses. The signal was strongest in adults aged 65 years or older and similar between
the sexes, with ciprofiloxacin as the most frequent agent and serious outcomes in the large ma-
jority of cases.
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