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Fluoroquinolone (FQ) antibiotics are commonly used for 
the treatment of urinary tract infections (UTIs). According 
to data from the Center for Disease Control (CDC), FQs 
accounted for 14.8 million outpatient prescriptions in the 
United States in 2022.1 Although they are frequently used, 
the exact place in UTI management has been a point of dis-
cussion. The Infectious Disease Society of America (IDSA) 
guideline statement for the Management of Uncomplicated 
Cystitis and Pyelonephritis lists FQ agents as a second line 
for cystitis due to “collateral damage,” but they remain a 
first-line option for pyelonephritis. The term “collateral 
damage” used by the IDSA guidelines refers to the poten-
tially broader-than-necessary spectrum for uncomplicated, 
localized bladder infections, as well as the long list of 

potential adverse effects associated with these agents.2 
Fluoroquinolones have acquired numerous black-box warn-
ings for their serious potential adverse effects.3-5 A black-
box warning was issued in 2008 specifically for the risk of 
tendinitis and tendon rupture.6 This warning was further 
emphasized by the Food and Drug Administration (FDA) in 
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Abstract
Background: Fluoroquinolones (FQs) are associated with potential tendon injury but comparative risk versus other 
antibiotic (non-FQ) options for the same indication has rarely been evaluated. Objective: Describe the incidence (relative 
risk) of any tendon injury in patients receiving FQs compared with other (non-FQ) antibiotics for treatment of urinary 
tract infections (UTIs). Methods: A retrospective propensity score-weighted cohort study was performed to evaluate the 
association between FQ antibiotics and tendon injury at two time points (within one month and within six months of use) 
compared with non-FQ regimens for treatment of UTI. The evaluation was performed using the Merative™ MarketScan® 
Research Databases from 2014 to 2020. Adult patients with International Classification of Diseases (ICD)-9/10 coding for 
UTI were included. Patients with a history of tendon injury or those who received both FQ and non-FQ regimens during 
the study period were excluded. Propensity score weighting was used to adjust for selection bias due to contributing 
risk factors, including demographics (age, sex), comorbidities (diabetes mellitus, chronic kidney disease), and concurrent 
medications (corticosteroids). Results: Both the 1-month and 6-month cohorts were predominately female and less than 
50 years of age. At one month, the incidence of tendon injury was 0.2% in the FQ group and 0.1% in the non-FQ group, 
and the odds of tendon injury were not estimated to be significantly different between groups (odds ratio [OR] = 1.03, 
95% confidence interval [CI] 0.93, 1.32). Odds of tendon injury were also not estimated to be significantly different in the 
6-month cohort (OR = 0.98, 95% CI 0.84, 1.05). Conclusion and Relevance: In this population of predominantly young 
female patients without high incidence of potentially contributing comorbidities, increased risk of tendon injury was not 
associated with FQ use. Future research is needed to determine whether demographic differences between this and other 
previously studied populations account for this discordant result

Keywords
fluoroquinolone, tendon injury, urinary tract infection

https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/pmt
https://journals.sagepub.com/home/pharmatech
mailto:gin13@uga.edu


2 Journal of Pharmacy Technology 00(0)

2016 when it recommended that this antibiotic class only be 
used when the benefits outweigh the risks for cystitis, sinus-
itis, and bronchitis.4 Even after these warnings, FQs con-
tinue to be commonly used to treat UTIs.7-11

Many mechanisms have been proposed to explain the 
risk of tendon injury associated with FQ use. In an article by 
Bidell and Lodise, both direct tissue injury to tendon com-
ponents and indirect effects that impair the integrity of ten-
don structure or impact the repair processes have been 
described.12 In light of the known risk of tendon injury from 
FQ therapy, our study aimed to evaluate the occurrence of 
this adverse event when used for a single indication relative 
to other antibiotic options used for this same indication.

While it seems clear from the literature that FQ antibi-
otics are associated with tendon injury, very few studies 
have evaluated the relative risk (or increased odds) of this 
adverse effect explicitly compared with other available 
treatment options for the same, single indication. Previous 
studies have primarily either compared FQ recipients with 
a hodge-podge group of “other non-FQ antibiotics” (used 
for a variety of indications, some not even potential alter-
natives for the indication of interest) or to a single non-FQ 
antibiotic agent (but not in a group of patients being treated 
for the same indication) or to patients not receiving any 
antibiotic (non-antibiotic users).13-20 While these studies 
have helped to quantify the risk of tendon injury associ-
ated with FQ use, they do not provide the prescriber a rela-
tive risk versus other antibiotic options when choosing 
therapy for an individual patient for a specific indication. 
Our study evaluates the risk of any tendon injury in 
patients treated for UTIs with FQ versus other non-FQ 
treatment options. Many studies have focused evaluation 
solely on the Achilles tendon and often capture only rup-
ture rather than any level of tendon injury. There is evi-
dence that the effect of FQs is not limited to the Achilles 
tendon or only rupture.19,21

Most studies have evaluated the risk window of 30 days, 
while some have extended evaluation up to 6 months or 
1-year postinitiation of FQ therapy.14,22-25 Evaluation of FQ 
dose, duration of therapy, or cumulative exposure has been 
accounted for in some studies and risk appears to increase 
as the dose/duration/exposure increases.26 Risk factors and 
concurrent conditions that increase the risk of tendon injury 
in patients receiving FQ agents continue to be a topic of 
interest.26 We evaluated the risk of any tendon injury of any 
severity within one month and six months FQ exposure, 
specifically in a population of patients treated for UTI. We 
believe that this adds critical knowledge to the literature 
about the risk of this significant adverse drug event when 
treating patients for a single condition.

In our study, tendon injury is defined broadly, including 
tendon rupture, tendinitis and other injuries (see supplemen-
tal data for relevant International Classification of Disease 
(ICD)-9 and ICD-10 codes). This study builds upon a 

previous study conducted using the Merative™ MarketScan® 
Research Databases (hereafter, “MarketScan®”) to evaluate 
the risk of tendon injury in adult patients treated for a sepa-
rate single indication. We previously reported the incidence 
of tendon injury in patients being treated for community-
acquired pneumonia (CAP) with either FQ or non-FQ guide-
line-based antibiotic regimens and found a significantly 
increased risk associated with FQ use.27 We aimed to evalu-
ate a separate population treated for another single indication, 
UTI, to compare the risk of tendon injury in patients treated 
with FQs versus other non-FQ regimens recommended for 
this indication. The purpose of comparing alternative guide-
line-based recommendations for a single indication is to 
allow clinicians to gauge risk associated with FQ versus other 
regimens that would be appropriate for the same indication 
(rather than a heterogeneous list of non-FQ agents that might 
not all be options for treatment of the specific condition/same 
indication)—which has been the case in many of the pub-
lished studies that evaluated the risk of tendon injury with the 
FQ antibiotic class.

Materials and Methods

Study Design and Data Source
We conducted a retrospective, propensity score (PS)-
weighted cohort study to evaluate the association between 
the use of FQ antibiotics and the risk of tendon injury in 
patients treated for UTI using the Merative™ MarketScan® 
Commercial Claims and Encounters (CCAE) and Medicare 
Supplemental and Coordination of Benefits (COB) data-
bases. MarketScan comprises one of the largest collec-
tions of de-identified claims data in the United States; it 
includes adjudicated claims data on outpatient and inpa-
tient health care visits and outpatient pharmacy dispensing 
data. Health care service visit and pharmaceutical claims 
in the CCAE and COB databases from 2014 through 2020 
were used for this study. This study was conducted in 
accordance with Investigational Review Board Committee 
requirements for Human Subjects.

Cohort Definition and Exposures

Subjects were identified who had an antibiotic prescrip-
tion claim within 10 days of health care services claim 
with a diagnosis of bacterial UTI (see supplemental data 
for the corresponding ICD-9 and ICD-10 codes).28,29 
Initial health care visits could have occurred in the inpa-
tient or outpatient setting as long as patients had a corre-
sponding prescription drug claim for oral antibiotic 
therapy. The date of the first such prescription claim was 
established as the index date for the patient. Patients were 
required to be 18 years or older at the index date and to be 
evaluated during a 6-month washout period prior to the 
index date. Patients were required to have continuous 
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enrollment during the post-index date evaluation period. 
Patients evaluated at the 6-month endpoint had the same 
inclusion criteria as the 1-month cohort plus no additional 
health care visits coded for a subsequent UTI nor any 
additional antibiotic therapy in months two through six. 
Patients were classified into two groups: FQ and non-FQ, 
based on whether they received FQ antibiotics or a non-
FQ containing antibiotic regimen for treatment of UTI. 
Patients receiving a combination of FQ and non-FQ anti-
biotics were excluded from the sample. Additional exclu-
sion criteria were use of antibiotics during the washout 
period, history of previous tendon injury documented in 
the washout period, and use of multiple (crossover) regi-
mens of antibiotic treatment during the follow-up period. 
In part, these restrictions were chosen to ensure that the 
exposures in the FQ and non-FQ groups were homoge-
neous and to reduce the number of potentially confound-
ing variables. As described below, additional protection 
against confounding was achieved through PS weighting.

Information regarding antibiotic agents and duration of 
therapy was collected using National Drug Code (NDC) 
number documentation from prescriptions captured in the 
outpatient drug claims database for the following agents: 
FQ therapy group (levofloxacin, ciprofloxacin, moxifloxa-
cin) and non-FQ-based regimens (amoxicillin, amoxicillin-
clavulanate, ceftriaxone, cephalexin, cefuroxime, cefdinir, 
cefpodoxime, cefixime, doxycycline, nitrofurantoin, sulfa-
methoxazole/trimethoprim, fosfomycin, tobramycin, genta-
micin, amikacin, and linezolid). Moxifloxacin was only 
included because it was determined that some patients were 
prescribed this agent for the treatment of UTI, even though 
this agent is not approved and should not be used for this 
indication.

Outcomes and Covariates

Patients were followed for up to six months (180 days) 
following the index date to detect tendon injuries (see 
Supplemental Data Table X for the relevant ICD-9 and 
ICD-10 codes). The risk of tendon injury was evaluated 
for all patients meeting inclusion criteria at each of two 
time points: within 30 days and within 180 days of the 
index date. Potential baseline confounders were identi-
fied a priori, including age [AGE], gender [SEX], con-
current receipt of systemic steroid (corticosteroid), 
concurrent conditions, such as diabetes mellitus (E11), 
chronic kidney disease (N18), organ transplantation 
(heart/lung/kidney), and history of tendon injury (identi-
fied by ICD-9/10 coding)28,29 during the 6-month wash-
out period). We considered statin use as input into the PS 
model; however, since the link between statins and ten-
don injury is weaker than the other included variables, 
we chose not to include it in our current study.

Statistical Analysis
To control for baseline confounders, PS weighting was used 
with inverse probability of treatment weighting to estimate 
the average treatment effect among the treated (ATT). 
Propensity scores were estimated via logistic regression of 
FQ use on age, sex, previous, concurrent, or subsequent 
corticosteroid therapy, and the presence of concurrent long-
term conditions. Covariate balance in the PS-weighted sam-
ple was established to a threshold of 0.1 for standardized 
bias and 0.05 for Kolmogorov-Smirnov distance for all 
potential confounders. The ATT was estimated as an odds 
ratio (OR) via PS-weighted logistic regression of occur-
rence of tendon injury on FQ use with all baseline con-
founders included as additive covariates to control for 
residual confounding. A 95% confidence interval (CI) for 
the OR quantifying the ATT of FQ use was estimated with 
the nonparametric bootstrap (percentile method).

As our statistical methods are focused on unconfound-
ing the causal effect of FQ use, we report the ATT for this 
exposure but omit effects of confounders in the PS-weighted 
logistic model. This approach follows work of Westreich 
and Greenland30 and others31 who argue that such effects 
can remain confounded and are not amenable to straight-
forward interpretation.

Demographic and clinical characteristics were described 
using standard descriptive statistics. Differences between 
FQ and non-FQ cohorts were expected, and justified the use 
of propensity weighting, but we also report demographics 
to characterize the sample.

Data management was done using SAS 9.4 (SAS 
Institute, Cary, NC) using PROC SQL. Additional statisti-
cal analyses were done in R32 using the WeightIt,33 cobalt,34 
and boot35 packages for PS weighting, covariate balance 
checking, and nonparametric bootstrap, respectively.

Results
Determination of patient cohorts for the 1-month and 
6-month analyses is described in Figures 1 and 2. A total of 
2,234,036 patients from the combined MarketScan CCAE 
and COB databases were included for the analysis of ten-
don injury at 1 month. Of the total 1-month study cohort, 
774,767 patients (34.7%) received FQ agents for treatment 
of UTI (FQ group) and 1,459,269 (65.3%) received a non-
FQ-based regimen (non-FQ group). Baseline demograph-
ics of the two groups are shown in Table 1. Mean age of 
patients in the FQ and non-FQ groups were 48.4 and 43.8 
years, respectively. The FQ group had a larger percentage 
of patients aged > 60 years (22.7% vs 17%) and male gen-
der (25.9% vs 13.8%). The percentage of patients with dia-
betes mellitus (6.6% vs 5.7%) and chronic kidney disease 
were similar between groups (0.2% FQ group vs 0.2% for 
non-FQ group). Prior corticosteroid use, defined as any 
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Figure 1. One-month cohort.
Abbreviations: CCAE, Merative™ MarketScan® Commercial Claims and Encounters database; COB, Merative™ MarketScan® Medicare Supplemental 
and Coordination of Benefits database.
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Figure 2. Six-month cohort.
Abbreviations: CCAE, Merative™ MarketScan® Commercial Claims and Encounters database; COB, Merative™ MarketScan® Medicare Supplemental 
and Coordination of Benefits database.
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steroid use from the beginning of the 6-month washout 
period to the index date, was documented in 7.5% of FQ 
and 7% of non-FQ patients. Concomitant corticosteroid 
use, defined as any steroid use within 10 days of the index 
date, was documented in 0.8% of the FQ and 0.9% of the 
non-FQ group. Receipt of corticosteroids in the postantibi-
otic course period, from > 10 days after index date until 
the end of the 6-month follow-up period, occurred in 1.3% 
and 1.4% of the FQ and non-FQ groups, respectively.

The most prescribed FQ for the 1-month study popula-
tion was ciprofloxacin (91.8%), followed by levofloxacin 
(8.8%) and moxifloxacin (0.1%). The most frequently pre-
scribed non-FQ regimens in the 1-month data set were nitro-
furantoin (39%), SMX/TMP (37.6%), cephalexin (13.1%), 
amoxicillin-clavulanate (4.7%), amoxicillin (3.7%), azithro-
mycin (3%), doxycycline (3%), cefuroxime (2.5%), cefdinir 
(2.3%), and cefuroxime (0.4%). Mean antibiotic durations 

of therapy were similar between groups at 8.1 days in the FQ 
group and 8.6 days in the non-FQ group.

We also performed this evaluation over a 6-month post-
antibiotic exposure window. A total of 1,427,727 patients 
were included in the 6-month cohort with 452,635 (31.7%) 
receiving FQ therapy (FQ group) and 975,092 (68.3%) 
receiving non-FQ antibiotics (non-FQ group). Male patients 
accounted for 26.9% and 13.8% of the 6-month FQ and 
non-FQ groups, respectively. The mean age of the groups 
was 48.4 (FQ) and 43.5 (non-FQ) years, and, similarly to 
the 1-month cohort, the FQ group had a larger portion of 
patients aged > 60 years (21.8% vs 15.7%). Diabetes was 
documented for 6.3% of FQ patients versus 5.3% of non-
FQ patients, while chronic kidney disease was identified for 
0.1% of both groups. Prior corticosteroid therapy was docu-
mented for 6.9% of FQ patients and 6.8% of non-FQ 
patients. Concomitant corticosteroid use was reported in 

Table 1. Patient Demographics (1 Month).

FQ-treatment group (FQ) Non-FQ treatment group (Non-FQ)

Merative™ MarketScan® Commercial Claims and 
Encounters (CCAE) and Medicare Claims and 
Encounters (MCAE)

 

 • Number 774 767 1,459,269
 • CCAE 675 007 (87.1) 1,317,931 (90.3)
 • Age at index date (mean [SD]) 48.4 (16.7) 43.8 (17.3)
 • Age > 60 years (N [%)) 175 867 (22.7) 247,535 (17.0)
 • Male sex (N [%]) 200 872 (25.9) 201,403 (13.8)
 • Length of antibiotic treatment (mean [SD]) 8.1 (5.4) 8.6 (6.7)
 • Diabetes mellitus (N [%]) 51 096 (6.6) 82,730 (5.7)
 • Chronic kidney disease [N [%]] 1241 (0.2) 2,323 (0.2)
 • Prior corticosteroid therapy [N [%]] 58 209 (7.5) 102,414 (7.0)
 • Concomitant corticosteroid therapy [N [%]] 5955 (0.8) 13,215 (0.9)
 • Postcorticosteroid therapy [N [%]] 10 241 (1.3) 20,911 (1.4)
 • Specific FQ agent  
   ° Ciprofloxacin [N [%]] 710 977 (91.8)  
   ° Levofloxacin [N [%]] 68 494 (8.8)  
   ° Moxifloxacin [N [%]] 801 (0.1)  
 • Non-FQ treatment  
   ° Nitrofurantoin 568,468 (39.0)
   ° Trimethoprim/sulfamethoxazole 548,683 (37.6)
   ° Cephalexin 191,256 (13.1)
   ° Amoxicillin-clavulanate 69,021 (4.7)
   ° Amoxicillin 54,572 (3.7)
   ° Azithromycin 43,248 (3.0)
   ° Doxycycline 43,444 (3.0)
   ° Cefuroxime 35,758 (2.5)
   ° Cefdinir 33,398 (2.3)
   ° Cefpodoxime 6,293 (0.4)
   ° Cefixime 2,091 (0.1)
   ° Minocycline 1,772 (0.1)
   ° Linezolid 230 (0.0)
 • Tendon injury [N [%]] 229 (0.2%) 321 (0.1%)
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approximately 0.7% and 0.9% of FQ and non-FQ patients, 
respectively. Postantibiotic therapy corticosteroid therapy 
in the follow-up period was recorded for 7.7% of FQ 
patients and 8.4% of non-FQ patients. Mean antibiotic 
duration of therapy for the 6-month cohort was 8.1 versus 
8.5 days for the FQ and non-FQ groups, respectively.

As with the 1-month population, ciprofloxacin was the 
most commonly prescribed FQ agent (92.2%) in the 
6-month sample, followed by levofloxacin (9.7%) and 
moxifloxacin (0.2%). The most common non-FQ agents 
in the 6-month data set were SMX/TMP (39.5%), nitrofu-
rantoin (39%), cephalexin (14.8%), amoxicillin (8.6%), 
amoxicillin-clavulanate (8.5%), azithromycin 7.0%), 
doxycycline (4.8%), cefdinir (3.1%), cefuroxime (2.8%), 
cefpodoxime (0.4%), and cefixime (0.2%).

In the 1-month cohort, tendon injury occurred in 0.2% 
of the FQ group compared with 0.1% of the non-FQ 
group. For the 6-month cohort, tendon injury occurred in 
0.8% of the FQ group compared with 0.7% in the non-FQ 
group. Neither the 1-month or 6-month data set showed a 
significantly increased odds of any tendon injury in 
patients receiving an FQ-based regimen compared with 
those receiving a non-FQ-based regimen (OR = 1.03, 
95% CI 0.93, 1.32 for 1-month and OR = 0.98, CI 0.84, 
1.05 for 6-months).

In both the four-month and 6-month cohorts, the four 
most common tendon injuries identified by ICD coding 
were disorders of bursae and tendons in shoulder region, 
unspecified (72610), radial styloid tenosynovitis (de 
Quevain) (M654), synovitis and tenosynovitis, unspecified 
(M654), and other synovitis and tenosynovitis, right/left 
ankle and foot (M65871, M65872). Other specified disor-
ders of bursa and tendons in shoulder region (72619) and 
complete rupture of rotator cuff (72761) were the next most 
common. Achilles tendon injury was not commonly 
reported in our evaluation, similarly to our previous evalua-
tion of tendon injuries in patients with FQs for CAP. In that 
evaluation, shoulder injuries were also the most common 
type reported in patients receiving FQ therapy.

Discussion

We evaluated the risk of tendon injury associated with use 
of FQ antibiotics in patients being treated for UTI using the 
MarketScan® database population. We previously found an 
increased risk of tendon injury within one month of therapy 
associated with use of FQ antibiotics in patients treated for 
pneumonia in the outpatient setting.36 In this evaluation of 
patients treated with FQ or non-FQ antibiotic regimens for 
UTI, there was not a significantly increased risk of tendon 
injury associated with FQ use. We hypothesize that because 
the UTI patients represented a slightly younger, predomi-
nantly female, and healthier population, they potentially 
had fewer contributing risk factors or comorbid conditions. 

Between the pneumonia and UTI data sets, the UTI popula-
tion was predominantly female (compared with a more bal-
anced gender distribution in the pneumonia population), 
had fewer patients > 60 years of age and lower percentages 
of patients with diabetes mellitus and/or chronic kidney dis-
ease (see Tables 1 and 2 for demographic information).

Our results showed this risk to most frequently occur at 
the wrist, ankle/foot, shoulder, and rotator cuff rather than 
the Achilles tendon that has historically been the most often 
reported in the literature.

This study follows our original study evaluating risk of 
FQ-associated tendon injury in patients treated for pneu-
monia and adds another to evaluate FQ-associated tendon 
injury risk in patients treated for single, specific indica-
tions and to use a comparator group of patients being 
treated with other (non-FQ) alternative therapies for the 
same indication. Previous studies have evaluated this asso-
ciation in populations of patients receiving FQs for multi-
ple indications (a group of patients with FQ use for any 
indication), which does not provide prescribers the infor-
mation to weigh the comparative risk of tendon injury 
when choosing between antibiotic options for the same 
indication. To our knowledge, we are also one of the first to 
use the MarketScan® Databases to evaluate the risk of ten-
don injury in an adult population.

Most published studies that have evaluated the risk of 
FQ-associated tendon injury to date have found a positive 
association or an increased risk or odds of this adverse 
event with FQ use, but there have also been a few studies 
that showed no difference in risk (or varying results 
between the various FQ agents). Baik et al17 found that as 
a class, FQs were not associated with increased risk of 
tendon ruptures within 30 days in a Medicare (> 65 years 
of age) beneficiary population. Seven antibiotics were 
evaluated (ciprofloxacin, levofloxacin, moxifloxacin vs 
amoxicillin, amoxicillin-clavulanate, azithromycin, and 
cephalexin). Of the FQs, only levofloxacin (but not cipro-
floxacin or moxifloxacin) showed a significant increased 
risk of tendon rupture (16% for rotator cuff, 120% for 
Achilles). Cephalexin also exhibited an increased risk of 
tendon rupture (all types combined with hazard ratios 
[HRs] of 1.19-1.93 across all anatomic sites) in the 30-day 
window. The risk of tendon rupture with levofloxacin 
never exceeded the risk seen with cephalexin in any com-
parison. No data were provided about the dosing or dura-
tion of therapy for the antibiotic therapies that were 
included in the analysis.

A study by Chinen et al37 used 2 large administrative 
databases in Japan (the National Health Insurance and 
Elderly Health Insurance) to evaluate the risk of tendon 
rupture between third-generation compared with both ear-
lier generation FQ agents and non-FQ agents. Levofloxacin 
and ciprofloxacin were considered “early” (second genera-
tion) FQs and moxifloxacin, along with several agents not 
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available in the United States, were considered third gen-
eration. In this analysis, risk was not significantly increased 
with third generation FQs (interrater reliability [IRR] = 
1.05, 95% CI 0.33, 3.37) or non-FQs (IRR = 1.08, 95% CI 
0.80, 1.47), but was elevated in patients with exposure to 
first-generation or second-generation FQs (IRR = 2.94, 
95% CI 1.90, 4.54). No information was provided on dos-
ing regimens, duration of therapy, and patient could have 
received other antibiotic therapies or multiple antibiotic 
courses during the study period without being excluded. 
This study only evaluated tendon rupture and not any/other 
tendon injury types.

The association may, however, be even more nuanced 
and require a more detailed assessment to fully elucidate the 
risk of tendon injury associated with FQ agents in various 
populations and scenarios. In the studies that have looked at 
either total dose, cumulative dose, or duration of therapy, 

higher doses and especially longer duration of therapy (or 
repeated course of FQ therapy over a time periods) appear 
to increase risk of this adverse effect.26,38,39

In a retrospective cohort study of adult patients hospital-
ized and treated for CAP in the Upstate New York Veterans 
Health Care Administration, Patel et al26 evaluated the inci-
dence of three common FQ-associated adverse effects, one 
being adverse tendon events, and identified patient-level fac-
tors that correlated with increased risk. Over a six-year period 
(2011-2016), 1071 patients were included and evaluated for a 
period of 90-day post initiation of FQ therapy. Adverse tendon 
events included tendinopathy, tendon pain/rupture, torn rota-
tor cuff, tendinitis, and Achilles heel pain/tear/torn/rupture. 
The study population was predominantly male (97.7%) with a 
mean age of 73.2+/–12.9 years. Moxifloxacin was the pre-
dominant FQ agent used (55.9%), followed by levofloxacin 
(36.6%), and ciprofloxacin (7.5%). Overall incidence of 

Table 2. Patient Demographics (6 Months).

FQ treatment group (FQ) Non-FQ treatment group (non-FQ)

Merative™ MarketScan® Commercial Claims and 
Encounters (CCAE) and Medicare Claims and 
Encounters (MCAE)

 

 • Number 452 635 975 092
 • CCAE 395 881 (87.5) 887 799 (91.0)
 • Age at index date (mean [SD]) 48.4 (16.4) 43.5 (17.0)
 • Age > 60 years (N [%]) 98 505 (21.8) 153 064 (15.7)
 • Male sex (N [%]) 121 549 (26.9) 135 038 (13.8)
 • Length of antibiotic treatment (mean [SD]) 8.1 (5.4) 8.5 (6.5)
 • Diabetes mellitus (N [%]) 28 314 (6.3) 52 099 (5.3)
 • Chronic kidney disease (N [%)] 563 (0.1) 1163 (0.1)
 • Prior corticosteroid therapy (N [%]) 31 171 (6.9) 66 564 (6.8)
 • Concomitant corticosteroid therapy (N [%]) 3228 (0.7) 8717 (0.9)
 • Postcorticosteroid therapy (N [%]) 34 812 (7.7) 81 598 (8.4)
 • Specific FQ agent  
   ° Ciprofloxacin (N [%]) 417 149 (92.2)  
   ° Levofloxacin (N [%]) 43 875 (9.7)  
   ° Moxifloxacin (N [%]) 696 (0.2)  
 • Non-FQ treatment  
   ° Trimethoprim/sulfamethoxazole 385 517 (39.5)
   ° Nitrofurantoin 381 490 (39.1)
   ° Cephalexin 144 578 (14.8)
   ° Amoxicillin 83 966 (8.6)
   ° Amoxicillin-clavulanate 82 983 (8.5)
   ° Azithromycin 68 081 (7.0)
   ° Doxycycline 47 262 (4.8)
   ° Cefdinir 30 219 (3.1)
   ° Cefuroxime 27 657 (2.8)
   ° Cefpodoxime 4137 (0.4)
   ° Cefixime 1635 (0.2)
   ° Minocycline 3069 (0.3)
   ° Linezolid 157 (0.0)
 • Tendon injury (N [%]) 699 (8%) 1644 (7%)
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adverse tendon events was 1.8% and was significantly higher 
with levofloxacin (3.1%) versus moxifloxacin (1.2%) or cip-
rofloxacin (0%). In addition to finding an increased incidence 
of tendon injury with FQ therapy, variables independently 
associated with an adverse tendon event were heart failure, 
use of levofloxacin, and treatment duration ≥ 7 days.

Rasmussen et al38 conducted a nested case-control study 
of patients in the Danish nationwide registers and databases 
who experienced Achilles tendon lesion/rupture over a 
19-year study period (2003-2021). The exposure of interest 
was claimed prescriptions for oral FQ (ciprofloxacin and 
moxifloxacin, the 2 FQs available options in the Danish 
Health Care system) with an active comparator of amoxicil-
lin for controls. Cumulative defined daily doses (cDDDs) 
were compared with evaluate an association between FQ 
exposure and tendon adverse events. Overall, a clear signal 
of increased rates of Achilles tendon lesions was seen in 
patients who received FQs compared with those who 
received amoxicillin (60-day HR = 3.6 [95% CI 2.09, 
6.19], 90-day HR = 2.74 [95% CI 1.87, 4.02]; 1-year HR = 
1.49 [95% CI 1.29, 1.73]). The authors reported that increas-
ing cumulative daily doses were associated with increased 
rates of Achilles tendon rupture, though only statistically 
significant for those receiving > 10 days of therapy (1-day 
to 5-day reference, 6-day to 10-day HR = 1.12 [95% CI 
0.76, 1.63], > 10 HR = 1.68 [95% CI 1.05, 2.70]).

Morales et al16 performed a nested case-control study 
using the UK Health Improvement Network primary care 
database to evaluate the relative and absolute risk of tendon 
rupture in adult patients treated with FQs vs amoxicillin-
clavulanate.39 The risk of any tendon rupture increased in 
patients who received FQs (adjusted incidence rate ratio 
[aIRR] = 1.61, 95% CI 1.25, 2.09) as did Achilles tendon 
rupture (aIRR = 3.14, 95% CI 2.11, 4.65). This increased 
risk remained for up to 60-day post initiation of FQ therapy. 
This study also assessed the impact of cumulative FQ expo-
sure, which was measured as total number of days of ther-
apy. Mean duration of therapy was 10.6 days (SD = 8.9) for 
FQ patients and 8.6 days (SD = 7.4) for amoxicillin-clavu-
lanate patients. Increasing cumulative days of FQ therapy 
was found to be significantly associated with an increased 
risk of Achilles tendon rupture (IRR = 1.06, 95% CI 1.03, 
1.09) and risk was estimated to increase by nearly 6% with 
each additional day of therapy.

It is possible that shorter durations of therapy (relative to 
pneumonia) may also have contributed to our results since 
durations of therapy for uncomplicated UTI/cystitis can be 
as short as 3 days with FQs and even 5 days for pyelone-
phritis and on average, for our study population, were less 
than 10 days. There was not a significant difference in dura-
tion of therapy received between the UTI (8.1-day FQ vs 
8.6-day non-FQ) and CAP (8.3-day FQ vs 7.8-day non-FQ) 
populations in our 2 evaluations, however.

A combination of these things likely contributed to the 
lack of a significant associated found been FQ use and ten-
don injury in our study and in this specific population. 
Effect of dose, duration, specific FQ agent, indication, 
comorbidities, risk factors, and patient populations should 
be the focus of future study to elucidate what variables pro-
duce the greatest risk of tendon injury in patients who 
receive agents in the FQ class.

Our study was a retrospective, claims-based evaluation 
conducted using the MarketScan Databases for data collec-
tion and patient identification. MarketScan does not contain 
patient-level or case-specific information, and our data col-
lection was limited to health care visit coding and prescrip-
tion drug claim information. We were reliant on accurate 
coding and documentation for claims contained in the 
MarketScan Databases and this is a limitation of our study. 
In addition, inclusion of the Medicare database limited the 
ability to report information related to race or ethnicity. We 
included patients treated with oral antibiotics who may 
have been treated initially as inpatients in addition to those 
seen only in the ambulatory setting. However, patients were 
required to have a prescription for oral antibiotic therapy 
associated with the health care visit and were evaluated for 
other antibiotic therapy in the prestudy washout period and 
at any time during the study period. Moxifloxacin was 
included because there were patients who received this 
agent for treatment of UTI, but this is a limitation since this 
FQ is not indicated for treatment of UTI. However, since we 
were not evaluating clinical outcomes of UTI treatment and 
instead evaluating risk of tendon injury upon exposure, we 
believe that it was acceptable to include these patients in 
our results. Based on the finding that azithromycin and dox-
ycycline were prescribed as antibiotic regimens received by 
patients in the non-FQ cohort, it also appears that patients 
intended to be treated for a sexually transmitted infection 
(who also probably were ordered urine specimens as part of 
the diagnostic workup) were included in patient identifica-
tion though based on ICD-9/10 coding designation. This 
was an unanticipated cofounder that we would have ideally 
controlled for in our methods (exclusions), though we 
believe that it did not significantly affect the results as most 
of these patients were also likely young, relatively healthy 
individuals. We believe that our patient populations accu-
rately represent FQ versus non-FQ antibiotic treatment 
regimens for outpatient/ambulatory treatment of UTI as 
best we could control for using the MarketScan Databases.

It is also possible that more patients experienced tendon 
injury than was captured by diagnosis code identification, 
particularly if they did not report or seek follow-up for the 
tendon issue or if the incident was delayed (and thought to 
be separate) from the antibiotic course. If the individual did 
not have an associated visit for a tendon diagnosis, they 
could have been underrepresented. There is no obvious 
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reason to suspect that such underreporting of injuries would 
affect the FQ and non-FQ groups differentially, however, 
we also acknowledge the possibility of uncontrolled con-
founders undermining the causal link between FQ use and 
tendon injury.

We believe that our evaluation adds important informa-
tion to the body of literature surrounding this topic and will 
help give clinicians more specific data regarding the risk of 
tendon injury for patient with UTI treated with FQ versus 
non-FQ antibiotic regimens.

Conclusion and Relevance
In our claims-based data set of patients treated for UTI, the 
risk of any tendon injury in the 1-month period following 
antibiotic exposure was not significantly higher for FQ anti-
biotics when compared with non-FQ therapies. The risk of 
tendon injury was also not significantly different at six 
months. This finding differs from our previous evaluation 
of tendon injury risk in patients treated for CAP over the 
same time period. Differences in the populations in terms of 
age, comorbidities, and health status or drug-specific fac-
tors (agent, dose, duration of therapy) may have contributed 
to the discordant results. Our findings provide prescribers 
with risk assessment data for drug therapy options used to 
treat a specific illness (UTI). Prescribers should still con-
sider the risk of tendon injury with FQ use, particularly in 
patients who have higher risk when considering treatment 
regimens for UTI and use alternative options with lower 
risk whenever possible, but if used, shorter course and 
lower cumulative exposure of FQs may help to lessen the 
risk (but this remains to be fully elucidated and should be a 
focus of future research).
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