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ABSTRACT
Objectives To assess the association of fluoroquinolone 
use with tendon ruptures compared with no 
fluoroquinolone and that of the four most commonly 
prescribed non- fluoroquinolone antibiotics in the USA.
Design Retrospective observational study.
Setting US seniors enrolled in the federal old- age, 
survivor’s insurance programme.
Participants 1 009 925 Medicare fee- for- service 
beneficiaries and their inpatient, outpatient, prescription 
drug records were used.
Interventions Seven oral antibiotics, fluoroquinolones 
(ciprofloxacin, levofloxacin, moxifloxacin) and amoxicillin, 
amoxicillin- clavulanate, azithromycin and cephalexin.
Primary and secondary outcome measures All tendon 
ruptures combined, and three types of tendon ruptures by 
anatomic site, Achilles tendon rupture, rupture of rotator 
cuff and other tendon ruptures occurred in 2007–2016.
Results Of three fluoroquinolones, only levofloxacin 
exhibited a significant increased risk of tendon 
ruptures—16% (HR=1.16; 95% CI 1.06 to 1.28), and 
120% (HR=2.20; 95% CI 1.50 to 3.24) for rotator cuff 
and Achilles tendon rupture, respectively, in the ≤30 days 
window. Ciprofloxacin (HR=0.96; 95% CI 0.89 to 1.03) and 
moxifloxacin (HR=0.59; 95% CI 0.37 to 0.93) exhibited no 
increased risk of tendon ruptures combined.
Among the non- fluoroquinolone antibiotics, cephalexin 
exhibited increased risk of combined tendon ruptures 
(HR=1.31; 95% CI 1.22 to 1.41) and modest to large risks 
across all anatomic rupture sites (HRs 1.19–1.93) at 
≤30 days window. Notably, the risk of levofloxacin never 
exceeded the risk of the non- fluoroquinolone, cephalexin 
in any comparison.
Conclusions In our study, fluoroquinolones as a 
class were not associated with the increased risk of 
tendon ruptures. Neither ciprofloxacin nor moxifloxacin 
exhibited any risk for tendon ruptures. Levofloxacin 
did exhibit significant increased risk. Cephalexin with 
no reported effect on metalloprotease activity had an 
equal or greater risk than levofloxacin; so we question 
whether metalloprotease activity has any relevance to 
observed associations with tendon rupture. Confounding 
by indication bias may be more relevant and should be 
given more consideration as explanation for significant 
associations in observational studies of tendon rupture.

INTRODUCTION
Fluoroquinolones (FQ) are among the most 
widely prescribed antibiotics in the outpa-
tient setting1 2 due to their broad spectrum 
treatment of bacteria found in respiratory, 
urinary, joint, and skin infections. Several 
observational studies have reported the asso-
ciation between the use of FQs and tendi-
nitis and tendon rupture (TR), especially 
of the Achilles tendon3–12 and the US Food 
and Drug Administration (FDA) issued black 
box warnings to FQ antibiotics beginning in 
2008.13 The warning was updated in 2016 
to recommend using alternative antibiotics 
when possible.14 15 The fact that FQs upreg-
ulate the production of metalloproteinase 

Strengths and limitations of this study

 ► We conducted a large (more than 1 million US senior 
subjects) retrospective study of outpatient prescrip-
tion drug records to assess the association between 
the use of fluoroquinolones and the occurrence of 
tendon ruptures compared with the most commonly 
used non- fluoroquinolone oral antibiotics.

 ► Our study included all oral fluoroquinolones (cip-
rofloxacin, levofloxacin, moxifloxacin) prescribed 
in the USA and the four most commonly pre-
scribed non- fluoroquinolone antibiotics: amoxicillin, 
amoxicillin- clavulanate, azithromycin and cephalex-
in as controls.

 ► In addition to reporting the risk of any tendon rup-
ture, we also reported the risk of three types of 
tendon ruptures by anatomic site (1) Achilles ten-
don rupture, (2) rupture of rotator cuff and (3) ten-
don ruptures on other anatomic sites as separate 
outcomes.

 ► This study is possibly only applicable to US se-
nior, aged 65 or more, Medicare fee- for- service 
beneficiaries.

 ► We had no options to verify claims diagnoses via 
chart review.

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-2077-4316
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2019-034844&domain=pdf&date_stamp=2020-11-20


2 Baik S, et al. BMJ Open 2020;10:e034844. doi:10.1136/bmjopen-2019-034844

Open access 

enzymes with collagenase activity that could weaken 
tendons is taken as a mechanism to explain this reported 
risk.16–18

Studies that reported association between FQ use and 
TR used one or more other antibiotics as controls. One 
study compared the FQ rupture rates with patients using 
azithromycin (AZT), the most frequently used oral antibi-
otic in the USA. Only two focused principally on TR risk 
among the elderly. None compared TR rates of FQs with 
those of cephalexin (LEX)—the third most commonly 
prescribed oral antibiotic in the USA.

The Virtual Research Data Center (VRDC) of Center 
for Medicare and Medicaid Services (CMS)19 carries 
more than 10 years of Medicare claims, which include 
information about the usage of prescription drugs and 
encounter diagnoses (including TRs). It also carries 
information about 42 major chronic conditions, demo-
graphic characteristic and vital status. We conducted a 
large observational study using the VRDC to assess the 
association of FQ antibiotics with TR compared with that 
of the four most commonly prescribed non- FQ antibiotics 
in the USA. Here, we report the results of that analysis.

METHODS
Patient and public involvement
Neither patients nor the public were involved in the 
design of the study.

Study population
We derived our study population from a 20% random 
sample of Medicare prescription drug coverage (part 
D) enrollees who first enrolled in the Medicare under 
old age and survivors insurance within a month of age 
65 (779–781 month old) and on or after 1 January 2007, 
the first full year of part D prescriptions availability. We 
included claim data through 31 December 2016, the end 
of VRDC claim data available to us. All of the VRDC data 
are deidentified and researchers must perform all of their 
analysis within the VRDC computer systems, and can only 
pull statistical results from it.19 This study was declared 
not human subject research by the Office of Human 
Research Protection at the National Institutes of Health 
and by the CMS’s Privacy Board.

We required subjects to be continuously enrolled in 
hospital insurance (part A) and medical insurance (part 
B) to assure we had full outpatient and inpatient claims 
data, which are not available for nearly 20% of subjects 
with part D only.20 To obtain a cohort of patients with 
new TR, we excluded individuals with TRs recorded in 
the first year of their Medicare entitlement.21 In order to 
assure sufficient follow- up, we excluded individuals with 
less than 1- year follow- up. Moreover, to obtain incident 
(or new) drug user cohort, we excluded individuals who 
were prescribed any study antibiotics during their first 
3 months after part D enrolment, while ignoring the data 
during the same time window for individuals not taking 

study antibiotics. By doing so, we minimise survivor bias 
from prevalent users (figure 1).

Primary outcome
We identified patients with TR based on International 
Classification of Diseases (ICD)-9- CM codes of 726.13, 
727.60–727.69, and ICD-10- CM codes of M66.2, M66.3, 
M66.8, M66.9 and M75.1. We combined all TRs and 
reported them as one outcome, and report three types 
of TRs by anatomic site (1) Achilles TR, (2) rupture of 
rotator cuff and (3) TRs on other anatomic sites as sepa-
rate outcomes. We focused on Achilles TR because it was 
the sole focus of many prior studies and on rotator cuff 
TR because it is the predominant TR of the elderly. We 
lumped the remaining as ‘other TRs’.

Study antibiotics
We included a total of seven study antibiotics prescribed 
in the USA including all three oral FQs (moxiflox-
acin (MXF), ciprofloxacin (CIP), levofloxacin (LVX), 
the active stereoisomer of ofloxacin, and the four most 
frequently prescribed non- FQ oral antibiotics amoxicillin 
(AMX), amoxicillin clavulanate (AMC), AZT and LEX as 
controls. CIP and the four non- FQ, study antibiotics were 
the five most frequently used US oral antibiotics in 2011.

Statistical analysis
We analysed each of the four TR outcomes in separate 
Fine- Gray competing risk regression analyses with death 
as the competing risk.22 23 Individuals became eligible for 
‘the study’ at their Medicare enrolment but prescription 
data did not become available until their part D enrol-
ment. We followed them from their entry in part D (while 
accounting for left truncation24) until their first diagnosis 
of TR, death, switch to a capitated plan, disenrolment 
from Medicare or 31 December 2016—whichever came 
first. In each regression analysis, we included the seven 
antibiotics whose effects on TR were our primary interest. 
We adjusted HR of each study antibiotic for concurrent 
use of the other study antibiotics. We also adjusted for 
calendar year of individual’s part D entry, to account for 
secular trends, and their sociodemographic characteris-
tics of gender, race, rural residency (yes/no) and income 
status. We inferred individual’s income level from the 
monthly indicators of dual eligibility and Low Income 
Subsidy (LIS) status, which separate subjects into three 
groups; (1) dual whose income is below 135% Federal 
Poverty Line (FPL); (2) non- dual LIS whose income is 
between 135% and 150% FPL; and (3) non- dual no LIS 
whose income is above 150% FPL, respectively. We used 
this variable in the analysis as a surrogate for economic 
status.25 We also included the 42 chronic conditions 
within the Medicare Master Beneficiary Summary File26 
that had >1% prevalence as measures of overall health. 
We assumed that patients were on a given study drug from 
the prescription dispensing date to the end of days of 
supply. We did not distinguish between different brands of 
a study drugs. Following the approach of prior studies,3–5 
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Figure 1 Consolidated Standards of Reporting Trials diagram.
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we separated subjects by temporal exposure within each 
study drug, including groups for never exposed, exposed 
within 30 days, 31–60 days, and >60 days of the index (or 
TR event) time. Thus, by this approach, we could detect 
the presumed short- term action of the FQ’s on tendons 
and avoid the risk of non- differential misclassification 
that can occur with too simple (yes/no) drug exposure 
measures.27 In order to minimise the immortal time bias, 
we treated all drug usage measures and all sociodemo-
graphic characteristics, except gender, race and rural 
residency, as time- varying covariates.28 29 In order to miti-
gate selection bias towards use of any study antibiotics, we 
employed a propensity score (PS) approach.30 31 We first 
derived a PS of taking any of study antibiotics as a func-
tion of individual’s characteristics at the time of the first 
antibiotic use after part D entry from a multiple logistic 
regression. We used the median days to the first study 
antibiotic use in patients taking study antibiotics as the 
cut- off time for individuals not taking study antibiotics. 
We performed our analyses with an inverse propensity 
score weight (IPSW) excluding individuals with the PS 
below 0.1 and above 0.9, to mitigate poorer performance 
in the presence of a strong treatment- selection process.32 
In post- hoc analyses, we also compared the risk of TR of 
each study antibiotics to that of every other study antibi-
otic on a pairwise basis.

RESULTS
Study population and secular trend
From our 20% sample of part D enrollees, 1 009 925 indi-
viduals satisfied all our selection criteria including the 
washout of individuals with any antibiotic use in their first 
3 months of part D enrolment (figure 1). Follow- up began 
with an individual’s enrolment in part D programme 
(median (IQR) 0 (0–122) days from the Medicare entitle-
ment). We followed them for a median of 3.6 years (total 
4 030 897 patient years) until their first diagnosis of TR 
(3.5%), death (4.6%), switch to a capitated plan (12.6%), 
disenrolment from Medicare (<1%) or study end on 31 
December 2016 (79.3%), whichever came first. Patients 
had their first post enrolment claim with a diagnosis of 
TR at a median age of 68.5 (IQR 67.2–70.4). The propor-
tions of non- Hispanic white, female and rural residents 
were 80.7%, 57.0% and 22.6% respectively. About a fifth 
of individuals received federal/state subsidies, that is, 
Medicaid coverage on top of Medicare (dual 16.1%) or 
assistance in paying their part D premium and coinsur-
ance/copayment (non- dual LIS 2.7%). Among the 42 
Medicare chronic conditions, hypertension (67.3%), 
hyperlipidaemia (68.4%), cataract (46.4%), rheumatoid 
arthritis/osteoarthritis (36.6%), anaemia (30.4%), isch-
aemic heart disease (26.2%) and chronic kidney disease 
(17.9%) were the seven most prevalent (table 1).

Of the 328 654 (33.0%) patients who ever took an FQ, 
71.5%, 47.5% and 4.5% had taken CIP, LVX and MXF, 
respectively. Of 576 885 (57.1%) of patients who ever 
took a non- FQ antibiotic, the figures were 53.6%, 44.9%, 

33.9% and 31.1% for AZM, AMX, LEX and AMC, respec-
tively. Patients who took one or more study antibiotics 
took a median (IQR) of 3.0 (1.0–6.0) study antibiotic 
prescriptions and took a median (IQR) 2.0 (1.0–3.0) 
different study antibiotics during the observation period. 
About 2.5% patients who took one or more study antibi-
otics took one or more such antibiotics at the same time.

Secular trends in study antibiotics usage existed (see 
online supplemental figure 1). MXF usage declined 
precipitously from 5.0% in 2007 to almost zero in 2016—
overweighting the MXF statistics for early entrants into 
Medicare and yielding a longer mean follow- up time. 
CIP use hit a peak, and LVX, a nadir, in 2011. The use of 
AMX, AMC and LEX trended slowly upward (see online 
supplemental figure 1). The mode (median) of supply 
durations for each antibiotics was short—10 (7) for AMX, 
10 (10) for AMC, 5 (5) for AZM, 10 (7) for LEX, 7 (7) for 
CIP, 10 (7) for LVX, 10 (11) for MXF. About 35% of indi-
viduals were never exposed to any of the study antibiotics 
during the study period.

Unadjusted figures for TR prevalence across each of 
the seven study antibiotic users and the no study antibi-
otic users ranged from a high of 5.2% for MXF to a low 
of 2.9% for no antibiotic (table 1). Except for MXF, the 
unadjusted prevalence of TRs associated with each non- FQ 
antibiotic was greater than or equal to that of each FQ 
antibiotic. The TR rates per 1000 patient years followed 
the same pattern, with the non- FQ antibiotics topping 
the rates of all FQs except MXF (with the highest rate), 
possibly due to overweighting of MXF usage in the early 
years of the study. Patients who ever took an FQ had the 
highest unadjusted rate of death per 1000 person years. 
LVX’s death rate was nearly twice the rate of each non- FQ 
antibiotics. The size of the associations with conditions 
like diabetes, chronic renal failure and heart failure paral-
leled the magnitude of the death rates and was generally 
higher with FQs than non- FQ antibiotics (table 1).

Primary analysis
Table 2 presents HRs for all non- antibiotic covariates 
in our Fine- Gray competing risk regression with IPSW. 
For simplicity sake, in table 2, we report the HRs of all 
anatomic types of TRs taken together. Being a female 
(vs male), African- American, Hispanic, and Asian (vs 
white), being dual or non- dual LIS (vs non- dual no 
LIS) and living in a rural area were all associated with 
a reduced risk of TR. These risk reductions were 24% or 
more for all but Hispanics and rural residency covariates, 
and the reductions were similar across all anatomic sites. 
In general, life- threatening chronic conditions, such as 
Acute Myocardial Infarction (AMI), Chronic Obstructive 
Pulmonary Disease (COPD), heart failure and colorectal/
lung/endometrial cancers were associated with a lower 
risk of TR in a range of 15%–60% below control possibly 
due to constrained physical activity and/or shortened life 
span. Notably, diabetes and chronic renal disease, previ-
ously reported as risk factors for TR,33 34 exhibited no 
increased TR risk. Mobility impairments had reduced risk 

https://dx.doi.org/10.1136/bmjopen-2019-034844
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Table 2 HRs of tendon rupture for each covariate

Variables Reference HR (95% CI)

Female Male 0.70 (0.69 to 0.72)↡
Black White 0.76 (0.73 to 0.78)↡
Hispanic 0.91 (0.87 to 0.94)↡
Asian 0.67 (0.63 to 0.71)↡
Other 1.05 (1.01 to 1.09)↑

Dual ever Non- Dual 
Non- LIS

0.66 (0.64 to 0.68)↡
Non- dual lis 0.66 (0.63 to 0.70)↡
Living in rural area No 0.94 (0.92 to 0.95)↡
Medicare part d since 2008 Medicare 

Part D Since 
2007

1.03 (1.00 to 1.07)

Medicare part d since 2009 1.11 (1.07 to 1.15)↟
Medicare part d since 2010 1.16 (1.12 to 1.21)↟
Medicare part d since 2011 1.17 (1.13 to 1.22)↟
Medicare part d since 2012 1.12 (1.08 to 1.16)↟
Medicare part d since 2013 1.03 (1.00 to 1.07)

Medicare part d since 2013 1.05 (1.01 to 1.09)↑

Medicare part d since 2015 0.91 (0.87 to 0.96)↡
Medicare part d since 2016 0.93 (0.19 to 4.55)

AMI No 0.74 (0.69 to 0.79)↡
Atrial fibrillation No 0.94 (0.91 to 0.97)↡
Cataract No 1.23 (1.21 to 1.25)↟
Chronic kidney disease No 0.92 (0.89 to 0.94)↡
COPD No 0.83 (0.81 to 0.86)↡
Heart failure No 0.79 (0.77 to 0.82)↡
Diabetes No 0.98 (0.96 to 0.99)↓

Glaucoma No 1.10 (1.08 to 1.12)↟
Hip/pelvic fracture No 0.68 (0.60 to 0.77)↡
Ischaemic heart disease No 1.10 (1.08 to 1.12)↟
Depression No 1.17 (1.13 to 1.21)

Alzheimer’s disease or 
senile dementia

No 0.67 (0.63 to 0.71)↡

Osteoporosis No 1.03 (1.01 to 1.06)↑

Rheumatoid arthritis/
osteoarthritis

No 2.84 (2.80 to 2.89)↟

Stroke/transient ischaemic 
attack

No 0.97 (0.94 to 1.01)

Breast cancer No 0.94 (0.91 to 0.98)↓

Colorectal cancer No 0.79 (0.74 to 0.85)↡
Prostate cancer No 1.03 (0.99 to 1.07)

Lung cancer No 0.39 (0.34 to 0.45)↡
Endometrial cancer No 0.85 (0.77 to 0.94)↓

Anaemia No 1.01 (0.99 to 1.03)

Asthma No 1.27 (1.24 to 1.31)↟
Hyperlipidaemia No 1.34 (1.31 to 1.36)↟
Hyperplasia No 1.13 (1.10 to 1.16)↟
Hypertension No 1.09 (1.07 to 1.11)↟
Hypothyroidism No 1.08 (1.06 to 1.10)↟
Anxiety disorders No 0.98 (0.96 to 1.01)

Continued
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of TR similar to that of the severe life- threatening condi-
tions, likely due to reduced activity. Most conditions with 
low life threats such as cataract, glaucoma, depression, 
asthma, hyperlipidaemia, hypertension, prostatic hyper-
plasia, migraine/other chronic headache, and deafness/
hearing impairment exhibited risks of 8% to 34% above 
controls probably for reasons related to longer life spans 
and less inhibited activity. Ischaemic heart did not fit the 
mould of sicker equals lower TR risk. Patients with rheu-
matoid arthritis/osteoarthritis were a special case and 
had TR risk of 184% above control possibly due to joint 
and associated tendon inflammation with these disorders. 
Fibromyalgia/chronic pain and fatigue also exhibited a 
39% increased risk of TR possibly also due to an inflam-
matory component.

The Achilles tendon carries the full force of the extra 
weight carried by obese patients and obesity was associ-
ated with a significant (13%) increase in Achilles TR 
ruptures while its effect on other TR classes was signifi-
cant but minuscule (2%–3%) (data not shown).

Effect of antibiotics
We report HRs from our primary analysis in tables sepa-
rate from the non- antibiotic covariates. Table 3 shows 
the risk associated with each study antibiotic broken 
down by time lag between the antibiotic use and the TRs 
(separate rows), and by all TRs together and separately 
by anatomic sites (in columns). We also report HRs of 
death (competing risk). We used multiplicity corrected 
p values to simultaneously test the difference of pairs of 
antibiotics to minimise the chance of finding statistically 
significant difference by random chance.35 Of the total 
34 880 patients with any TR occurrence, complete rupture 
of rotator cuff represented the major share (80.5%), 
followed by other TRs (16.9%) and Achilles TR (2.6%). 
In the survival analysis, we followed patients until the first 
occurrence of TR; so, these figures count only the first TR 
occurrence independent of anatomic site.

Of the non- FQ antibiotics, AMX exhibited a reduced risk 
of TR compared with no AMX in every tendon class and 
time window, similar to its low risk in previous studies. It 
exhibited a significantly lower risk in the ≤30 days window 
except for the Achilles tendon. AZM and AMC exhibited 
a similar benign risk in all time windows except for TR 
of rotator cuff in >60 days window. LEX was the surprise 
non- FQ antibiotic. It exhibited modest to large increased 
TR risk at ≤30 days window across all sites ranging from a 
low of 19% increase for complete rupture of rotator cuff 
to a high 93% increase for Achilles TR. Its risk was also 
significantly higher at ≤30 days window for all TRs taken 
together.

Of the FQs, CIP and MXF, the most and least frequently 
prescribed FQ exhibited little to no increased risk of TR 
within each anatomic site and each time frame. LVX is 
the only FQ to exhibit a significant increase in TR risk—of 
16%, and 120% for rupture of rotator cuff and Achilles 
TR, respectively, in the ≤30 days window. Notably, the risk 
of LVX never exceeded the risk of the non- FQ, LEX in 
any comparison.

In a post- hoc analysis (table 4), we compared the TR 
risk of each antibiotic with every other antibiotic (pair-
wise comparisons of FQ vs FQ and FQ vs non- FQ), for 
≤30 days window and FQs as a class versus each non- FQ 
after combining the data from the three time windows. 
These results paralleled the above- mentioned risk for 
each study antibiotic in table 3. Again, TR risk for LVX 
was greater than that of CIP, MXF, AMC, AMX and AZM 
in a ≤30 days window. However, LVX risk was comparable 
to that of LEX for Achilles TR, and rupture of rotator 
cuff and significantly lower than LEX for the other TR 
classes. When comparing the risk of FQs as a class against 
that of non- FQ antibiotics, most of the non- FQ antibiotics 
had significantly greater risk than the FQ class as a whole 
across all TR sites (see last 4 rows of table 4).

In another analysis evaluating risk of death for each anti-
biotics, each FQ antibiotic exhibited a significant increase 
in death risk of : 46% (for CIP), 105% (for MXF) and 
119% (for LVX) in a ≤30 days window. Among non- FQ 
antibiotics, only AMC exhibited 37% increased risk of 

Variables Reference HR (95% CI)

Bipolar disorder No 1.02 (0.95 to 1.08)

Major depressive affective 
disorder

No 1.06 (1.02 to 1.10)↑

Schizophrenia and other 
psychotic disorders

No 0.67 (0.61 to 0.74)↡

Epilepsy No 0.83 (0.77 to 0.90)↡
Fibromyalgia, chronic pain 
and fatigue

No 1.39 (1.36 to 1.42)↟

Viral hepatitis (general) No 1.04 (0.96 to 1.13)

Liver disease cirrhosis and 
other liver conditions

No 0.95 (0.92 to 0.99)↓

Leukaemias and 
lymphomas

No 0.94 (0.88 to 1.01)

Migraine and other chronic 
headache

No 1.28 (1.23 to 1.33)↟

Mobility impairments No 0.70 (0.65 to 0.76)↡
Obesity No 1.04 (1.02 to 1.06)↑

Peripheral vascular disease No 1.00 (0.97 to 1.04)

Tobacco use disorders No 0.82 (0.80 to 0.85)↡
Pressure ulcers and chronic 
ulcers

No 0.82 (0.77 to 0.87)↡

Deafness and hearing 
impairment

No 1.21 (1.17 to 1.25)↟

HRs and CIs from the primary analysis for covariates except for 
the study antibiotics (which are in table 3).
↟=very significantly increasedwith P value<0.001, 
↑=significantly high with 0.001≤ p<0.05.
↡=very significantly decreased with P value<0.001, 
↓=significantly decrease with 0.001≤ p<0.05.
AMC, amoxicillin clavulanate; AMX, amoxicillin; AZT, 
azithromycin; CIP, ciprofloxacin; FLQ, fluoroquinolone; LEX, 
cephalexin; LVX, levofloxacin; MXF, moxifloxacin.

Table 2 Continued
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death in a ≤30 days window. Overall, risk of death for FQs 
as a class far outweighed that of each non- FQ antibiotics.

DISCUSSION
Our results conflict with the common assertion that 
the Achilles TR is the most common TR (up to 90% in 
one report36). In our elderly cohort, Achilles TRs were 
a tiny, 2.6%, of all TRs. Some of this difference may be 
explained by the differences in demographics. Reports 
of high prevalence of Achilles TR came from studies 
of young military populations.37 38 In contrast, our data 
came from an elderly Medicare population. Some of the 
difference could also be due to less ability to diagnose 
non- Achilles TRs until MRI joint imaging became widely 
available, because such TRs are less amenable to diag-
nosis by physical exam.

Many authorities describe the relationship between 
FQs and TRs as a class ‘effect’. However, FQs as a class had 
no significant risk of TR compared with each of the four 
non- FQ antibiotics in any time window. CIP (n=2 34 994 
subjects) is the oral FQ with the greatest use and with a 
greater effect on metalloproteases than other FQs.39–41 
However, neither MXF (n=14 728 subjects) nor CIP had 
any TR risk at any anatomic site in any time window. CIP’s 
lack of risk is consistent with two studies5 9 in which CIP 
exhibited zero risk or small risks compared with oflox-
acin, a racemic mixture whose active ingredient is the 
levo- isomer, LVX. We do see a strong association between 
LVX and TRs whether we used no LVX or three of the 
non- FQ antibiotics as controls. However, when we used 
LEX, a cephalosporin, as the control for LVX’s effect on 
TRs, we saw no increased risk.

As noted in the introduction, the FDA has added a 
black box warning about TRs to the labels of FQs. A 2015 
paper42 described the evidence for this decision based on 
the FDA’s Adverse Event Reporting System (FAERS) data-
base and an empirical Bayes geometric mean (EBGM) 
score, which is based on the relative frequency of spon-
taneous report about a given adverse event in one drug 
vs the reporting of that adverse event across all drugs. 
This EBGM score based on FAERS database has been 
useful but FAERS database is still limited by a lack of true 
denominator for population at risk, under- reporting due 
to a voluntary reporting scheme and bias due to limited 
adjustment variables.43 Our study was based on a well- 
defined Medicare population with 80 variable adjust-
ments. The fact that LVX’s EBGM score was six times 
that of ofloxacin42 though both drugs have the same 
active ingredient (the levo- isomer of ofloxacin) and the 
same dose of that ingredient, raises questions about what 
factors influenced that score.

One previous study described the effect of FQs on TR 
risk as small and unimportant.10 Two studies reported no 
effect of FQs on TR risk.9 11 At least seven observational 
studies reported that the use of FQs increased risks of 
TR.3–8 12 However, in all but one study, the number of 
TRs among patients taking an FQs was small (between 
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5 and 111). In comparison, our study included 12 517 
(3.8%) such patients. One previous study did report 
a large number of TR events, 23 000 (3.5%) patients 
while on FQs and, like our study, it focused exclu-
sively on elderly patients.3 However, it did not compare 
the population of FQ users against non- users but FQ 
usage periods against non- usage periods in the same 
set of patients, which were likely periods without visits 
and thus could not account for the effect of increased 
clinical attention provided at visits requiring a strong 
systemic antibiotic. Furthermore, they assessed the asso-
ciation between AMX and TRs in separate analysis and 
used the risk of TRs in that analysis as the comparator 
for the risk observed in the FQ analysis. Finally, their 
analysis did not include death as a competing risk as 
is recommend when death rates exceed event rates23 
which was likely the case because in the demographics 
of their study was very similar to ours.

In our study, AMX treated patients exhibited a similar 
absolute risk of TR as to LVX treated patients (7.56 vs 7.47 
per 1000 patient years). However, they had fewer comor-
bidities (as in Daneman’s study), almost 14% fewer hospi-
talisations and half of death rate, compared with patients 
taking LVX (7.56 vs 18.50 per 1000 patient years). So, 
the two populations are not comparable. LVX exhibited 
119% increased risk of death in a≤30 days window. They 
appears to be reserved for more severe infections or more 
fragile patients and thus subject to differential biases.

The reported activation of metalloprotease activity by 
FQs has underpinned the idea of a causal link between 
FQs and TRs. The argument goes as follows: FQs stim-
ulate metalloproteases, which can break down collagen; 
the tendon is made of collagen; so FQs may cause TRs. 
However, our data disrupt this argument. CIP, which 
strongly stimulates metalloprotease activity,17 18 exhibited 
no risk of TRs in our study, and LEX which inhibits metal-
loprotease activity44 45 exhibited a large risk. So, we have 
to question whether metalloprotease activity has any rele-
vance to TR risk, and consider other explanations for the 
observed associations.

The indication for an antibiotic is a presumed bacterial 
infection. The reported associations between antibiotics 
and TR could be a consequence of the indication (infec-
tion) rather than the antibiotic use to treat it. It could be 
a perfects example of the confounding by indication.46 
Such a bias could explain many reported associations 
between drugs and TR risk including associations with 
non- antibiotic drugs reported by Nyyssönen et al.8

This indication (and infection) bias could generate an 
association between the antibiotic and TRs in different 
ways. First, the bacterial infection might directly increase 
the risk of TR via stimulation of general immune or 
cytokine responses, or even by direct bacterial invasion. 
A recent study found gram- positive bacteria in a major 
share of ruptured tendons but not in ‘control’ tendons 
removed surgically for grafting.47 So, the possibility of 
direct invasion of tendons by circulating bacteria with 
subsequent weakening and rupture is plausible.

Second, the greater clinical attention likely focused 
on patients needing systemic antibiotics, especially those 
with more severe infections, could increase the chance of 
noticing and documenting a pre- existing TR. A reservoir 
of not- yet- diagnosed such cases is likely to exist, because 
patients do not necessarily correctly identify joint and 
extremity symptoms as TRs and seek immediate care for 
them. TRs of the shoulder capsule, for example, are noto-
rious for developing symptoms slowly over 2–3 years48 
before being correctly diagnosed. Even Achilles TRs can 
be missed (in 30% of cases) at the first presentation.49 
Seeger et al reviewed the medical records of patients with 
an insurance claim reporting TRs following antibiotic use 
and found that nearly half of the TRs recorded in the 
claims were either something else (eg, Bursa inflamma-
tion miscoded as a TR) or had occurred pre antibiotic use 
but only seen in a claim post antibiotic use.11

Indication bias is a plausible explanations for associa-
tions reported in observational studies and it should be 
considered more often before assuming the associations 
are causal.

LIMITATION
This study faces all of the limitations of observational 
studies. Furthermore, it applies only to fee- for- service 
Medicare populations. In addition, we had no options to 
verify claims diagnoses via chart review. From a statistical 
point of view, our findings may have some limitations. First, 
we included 80 covariates in one analysis and concern 
about intercorrelation affecting the validity could exist. 
To evaluate the intercorrelation, we calculated an 80×80 
correlation matrix of estimated regression which can 
deliver information about the strength of intercorrela-
tion and indicate the existence of a collinear relationship 
between two predictors. All pairwise correlations (except 
diagonal elements) were below 0.5, and the largest was 
0.33 indicating minimal bias due to intercorrelation. We 
also did not consider interactions among covariates in 
our main analysis because of the problem of overfitting. 
We ran four sensitivity analyses with interaction terms 
between the study medications and four covariates (rheu-
matoid arthritis/osteoarthritis, obesity, female sex, lung 
cancer). The inclusion of interactions did not change our 
conclusion of no TR risk for FQ as a class.
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