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Abstract  

Introduction: The association between oral fluoroquinolones and aortic aneurysm or dissection  

among the United States population remains unclear and requires investigation.  

Objectives: To investigate risk of aortic aneurysm or dissection in patients using oral 

fluoroquinolones compared to those using macrolides in real-world clinical practice among a 

large US general population. 

Methods: We conducted a retrospective cohort study using MarketScan commercial and 

Medicare supplemental databases from January 01, 2013 to December 31, 2018. Adult patients 

with at least one prescription fill for fluoroquinolone or macrolide (control) antibiotics were 

included. The primary outcome was estimated incidence of aortic aneurysm or dissection 

associated with use of fluoroquinolones compared to macrolides during a 60-day follow-up 

period in a 1:1 propensity-score matched cohort. Crude incidence of aortic aneurysm or 

dissection was estimated as number of cases per 1000 person-years follow-up and adjusted 

hazard ratios (aHR) with 95% confidence intervals (CI) were estimated using multivariable Cox-

proportional hazard regression models.  

Results: We identified 3,174,620 patients (1,587,310 in each group) after 1:1 propensity score 

matching. Crude incidence of aortic aneurysm or dissection was 1.9 cases per 1000 person-years 

among fluoroquinolone users and 1.2 cases per 1000 person-years among macrolide users. In 

multivariable Cox regression, compared with macrolides, use of fluoroquinolones was associated 

with an increased risk of aortic aneurysm or dissection (aHR:1.34; 95% CI:1.17–1.54). The 

association was primarily driven by a high incidence of aortic aneurysm cases (95.8%). Results 

of sensitivity (e.g., fluoroquinolone exposure ranging from 7 to 14 days (aHR: 1.47; 95% CI: 
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1.26–1.71)) and subgroup analyses (e.g., ciprofloxacin (aHR: 1.26; 95% CI: 1.07–1.49), 

levofloxacin (aHR: 1.44; 95% CI: 1.19–1.52)) remained consistent with main findings.   

Conclusion: Fluoroquinolone use was associated with a 34% increased risk of aortic aneurysm 

or dissection compared to macrolide use among a general US population.  

Key Words: Fluoroquinolones, Aortic Aneurysm, Aortic Dissection, Macrolides, Risk Factors 
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Fluoroquinolones, a class of commonly prescribed antibiotics, are used to treat bacterial 

infections including pneumonia, acute sinusitis, chronic bronchitis, septicemia, skin infections, 

bone and joint infections, respiratory, urinary tract, and intra-abdominal infections.1 Among 

antibiotics classes, fluoroquinolones are highly utilized.2-4 Although generally well-tolerated, 

these drugs have been associated with a wide array of adverse events and safety warnings in the 

past years. In 2008, the United States Food and Drug Administration (FDA) added a Boxed 

Warning to their label for an increased risk of tendinitis and tendon rupture.5 The association 

between fluoroquinolones and collagen-related disorders such as tendonitis, Achilles tendon 

rupture, and retinal detachment is well documented in the literature.6-8 Symptoms associated with 

myasthenia gravis and risk of peripheral neuropathy were added to the Boxed Warning in 2011 

and 2013, respectively.9 Thereafter, in 2016, the FDA issued another warning to restrict the use 

of fluoroquinolones for certain uncomplicated infections and warned about the disabling, 

permanent adverse events involving tendons, muscles, joints, nerves, and central nervous 

system.10  

In December 2018, the FDA issued a new drug safety warning that fluoroquinolones might be 

associated with an increased risk of ruptures (aneurysm) and tears (dissection) in the aorta.11 

Aortic aneurysm is a balloon-like bulge that can occur anywhere in the wall of the aorta and can 

either rupture (aneurysm) or develop tears (dissection).12 Although recent studies conducted in 

Taiwan and Sweden have raised concern about an increased risk of aortic aneurysm associated 

with the use of fluoroquinolones, these studies had limitations in study design (e.g. lack of active 

control group, confounding by indication).13-16 Furthermore, higher prevalence of comorbid 

conditions including heart disease, hypertension, obesity, and a comparatively worse health 

status of US adults make generalizability of existing study results limited.17-19 Despite all recent 

 18759114, ja, D
ow

nloaded from
 https://accpjournals.onlinelibrary.w

iley.com
/doi/10.1002/phar.2841 by E

ssentia H
ealth St. M

ary'S, W
iley O

nline L
ibrary on [29/06/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



warnings and evidence, fluoroquinolones still remain one of the most commonly prescribed 

antibiotics in the United States with approximately 25 million prescriptions dispensed in 2017.20 

Thus, we aimed to investigate the risk of aortic aneurysm or dissection in patients using oral 

fluoroquinolones compared to those using macrolides in real-world clinical practice among a 

large US general population. 

 

Methods 

Study Design and Data Source 

We conducted a cohort study using the IBM Truven Health Analytics MarketScan Commercial 

and Medicare Supplemental databases from January 01, 2012 to December 31, 2018. This 

nationwide administrative claims data captures patient-level medical encounter information 

across all health care settings (inpatient, outpatient, and pharmacy). The population of 

commercial data consists of employees and their dependents up to the age of 65 years who are 

covered by an employer-sponsored insurance. The Medicare supplemental data consists of 

retirees above the age of 65 years who are covered by Medicare Supplement Insurance. The 

study was approved by the Institutional Review Board at the University of Florida.  

 

Study Cohort  

The study cohort included adult patients aged 18 years or older with at least one prescription fill 

for oral fluoroquinolone or macrolide antibiotics with ≥3 days’ supply from January 01, 2013 to 

December 31, 2018. The date of first prescription for study antibiotics was defined as the index 

date. For patients with multiple prescriptions of study antibiotics during the study period, only 

the first prescription was included in the analysis. To be included, patients were required to be 
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continuously enrolled in the health plan with both medical and pharmacy benefit coverage for at 

least 12-months before the index date. Patients were excluded if they had i) any evidence of 

aortic aneurysm or dissection as identified by inpatient or outpatient diagnostic codes for aortic 

aneurysm or aortic dissection during the baseline period, ii) a record of any hospitalization or use 

of study antibiotics during the 6-month period preceding the index date, or iii) filled 

prescriptions for both study antibiotics on the index date.   

 

Antibiotic Exposure  

FDA-approved oral fluoroquinolones available in the United States including ciprofloxacin, 

levofloxacin, moxifloxacin, ofloxacin, gemifloxacin, and delafloxacin comprised the exposure 

group. Oral macrolides including erythromycin, azithromycin, and clarithromycin constituted the 

active comparison group to address the inherent limitations of confounding by indication in 

pharmacoepidemiologic studies. We chose macrolides as a comparison group because there is no 

known association between macrolides and aortic aneurysm or dissection, and their approved 

indications are similar to those of fluoroquinolones.21-25  

In a sensitivity analysis, we assessed the association between aortic aneurysm or dissection for 

each fluroquinolone agent individually compared to macrolides (e.g. ciprofloxacin prescriptions 

compared to macrolide prescriptions).   

 

Study Outcomes  

The primary outcome of our study was the incidence of aortic aneurysm or dissection requiring 

hospitalization or emergency department visit associated with use of fluoroquinolones compared 

to macrolides. The outcome was measured using the International Classification of Diseases, 9th 
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and 10th Edition, Clinical Modification (ICD-9-CM and ICD-10-CM) diagnostic codes for aortic 

aneurysm or aortic dissection, including with or without rupture, thoracic, abdominal or 

thoracoabdominal aneurysm or dissection as the primary diagnosis (Supplementary Table 1). 

This algorithm has been validated previously with a positive predictive value (PPV) of 92% for 

aortic aneurysm and 100% for dissection cases.16 In a secondary analysis, outcomes of aortic 

aneurysm and aortic dissection were analyzed separately. In a sensitivity analysis, we used a less 

restrictive outcome definition by including cases with aortic aneurysm or dissection diagnosis in 

any position of the diagnostic codes recorded during inpatient or emergency department 

encounters.  

Consistent with existing literature, patients were considered to be at-risk of the study outcome 

for a maximum of 60 days following the course of antibiotic therapy (i.e., days of supply + 60 

days) after the index date.16, 26, 27 In a sensitivity analysis, we varied the length of follow-up to up 

to 90 days and duration of antibiotic exposure (<7 days and 7-14 days) 

Patients were followed up from the index date until the occurrence of a study outcome, end of 

enrollment, end of the study period (December 31, 2018), subsequent antibiotic prescription >7 

days gap between prescription fills (gaps of ≤7 days between the end of first prescription and fill 

date of the subsequent prescription were allowed), switching to another study antibiotic, end of 

follow-up, or hospital admission unrelated to aortic aneurysm or dissection, whichever occurred 

first.  

 

Covariates 

To balance differences in baseline demographic and clinical characteristics of fluoroquinolone 

and macrolide users in our analysis, 1:1 propensity score matching was used. Using logistic 
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regression-based modeling, propensity scores for fluoroquinolone and macrolide users were 

estimated by regressing the treatment assignment on various baseline covariates of patients 

including demographics (age, gender), medical conditions reported to be associated with aortic 

aneurysm or dissection including cardiovascular risk factors and congenital disorders, infectious 

conditions considered to be potential indications for antibiotics, prescription medication use, and 

health care resource utilization, as identified from an extensive literature search (Supplementary 

Table 2).12-16, 28-41 All medical conditions including comorbidities, cardiovascular, congenital risk 

factors, and prescription medication use were captured during the 12-month baseline period 

preceding the index date. The presence of infectious conditions was captured in the 2-week 

period before index date.  

 

Statistical Analysis 

Baseline demographic and clinical characteristics of fluoroquinolone and macrolide users were 

reported as proportions for categorial variables and means with standard deviations for 

continuous variables. Differences in the baseline characteristics of the two groups were 

determined using standardized differences for both before- and after-matching cohorts. A 

threshold of 10% was used to determine statistically significant differences, with values less than 

10% implying well-balanced covariates between the two comparison groups.  

After propensity score matching, incidence rates of aortic aneurysm or dissection were reported 

as the number of aortic aneurysm or dissection cases per 1000 person-years. A Cox proportional 

hazards regression model was used to estimate the adjusted hazard ratio (aHR) for aortic 

aneurysm or dissection cases between fluoroquinolone and macrolide users, controlling for age, 

gender, hypertension, diabetes, cardiovascular conditions including congestive heart failure, 
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myocardial infarction, peripheral vascular disorders, acute coronary syndrome, and cardiac 

arrhythmia in addition to propensity score matching.  

To assess heterogeneity in measures of association, the following sub-group analyses were 

performed, i) patients aged ≤50 years compared to those aged >50 years, ii) males compared to 

females, iii) patients with hypertension versus those without, d) patients with diabetes versus 

those without, and iv) patients with pre-existing cardiovascular risk factors including congestive 

heart failure, myocardial infarction, peripheral vascular disorders, acute coronary syndrome, and 

cardiac arrhythmia versus those without. Additional sensitivity analyses by type of 

fluoroquinolone agent and duration of antibiotic exposure (<7 days and 7-14 days) were also 

conducted to assess to robustness of association. Propensity score matching was repeated for 

each subgroup and sensitivity analysis. Wherever applicable, p-value equal to or less than 0.05 

denoted statistically significant differences between comparison groups. For subgroup analysis, a 

p-value for interaction less than 0.05 was used to denote a significant difference among groups. 

All statistical analyses were performed using SAS version 9.4., SAS institute, Cary, North 

Carolina.  

 

 

Results  

Baseline Characteristics  

We identified 2,162,433 fluoroquinolone users and 3,715,640 macrolide users between January 

2013 and December 2018 (Supplementary Figure 1). After 1:1 propensity score matching, the 

study cohort included 3,174,620 patients with 1,587,310 in each group. In the propensity score 

matched cohort, patient demographic characteristics, clinical comorbidities, presence of 

infectious conditions, medication use, and health care resource utilization were well-balanced 
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between the two groups as indicated by standardized differences of <0.10 (Table 1). The median 

(range) duration of drug exposure was 10 (3-35) days for fluoroquinolone users and 5 (3-21) 

days for macrolide users.  

 

Risk of Aortic Aneurysm or Dissection  

We identified 548 cases of aortic aneurysm or dissection among fluoroquinolone users and 328 

cases among macrolide users (Table 2). The crude incidence of aortic aneurysm or dissection 

was 1.93 cases per 1000 person-years among fluoroquinolone users and 1.20 cases per 1000 

person-years among macrolide users. In the multivariable Cox proportional hazards regression 

model, use of fluoroquinolone antibiotics was associated with a higher risk of aortic aneurysm or 

dissection compared to the use of macrolide antibiotics (aHR: 1.34; 95% Confidence Intervals 

(CI): 1.17-1.54).  

In secondary analyses, 525 cases of aortic aneurysm with crude incidence of 1.85 cases per 1000 

person-years were identified among fluoroquinolone users and 304 cases with crude incidence of 

1.11 cases per 1000 person-years among macrolide users. In Cox regression, the association was 

consistent with an increased risk of aortic aneurysm among fluoroquinolone users compared to 

macrolide users (aHR: 1.38; 95% CI: 1.20-1.59). The association was non-significant for aortic 

dissection among fluoroquinolone users versus macrolide users (aHR: 0.92; 95% CI: 0.55-1.55).  

After dividing the follow-up period into 10-day intervals, about 52% (n=286) and 54% (n=177) 

of cases of aortic aneurysm or dissection occurred within the first 30-days of fluoroquinolone 

and macrolide treatment initiation, respectively (Supplementary Table 4).  
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Sensitivity and subgroup Analyses  

In the sensitivity analysis by type of fluoroquinolone agent, the association of an aortic aneurysm 

or dissection outcome was significant among ciprofloxacin (aHR: 1.26; 95% CI: 1.07-1.49) and 

levofloxacin (aHR: 1.44; 95% CI: 1.19–1.52) users compared to macrolide users, but was not 

significant in moxifloxacin users (aHR: 0.94; 95% CI: 0.64–1.38) (Table 3). In the analysis by 

duration of exposure, fluoroquinolone users with 7 to 14 days of supply were associated with a 

significantly higher risk of an outcome (aHR: 1.47; 95% CI: 1.26–1.71), whereas the association 

in fluoroquinolone users with a supply of <7 days (aHR: 1.02; 95% CI: 0.72–1.32) was 

insignificant. When cases with relevant diagnostic codes in any position of inpatient or 

emergency encounters during a 60–day follow up period were included in the analysis the 

association of fluoroquinolone use and an outcome was significant (aHR: 1.45; 95% CI: 1.30–

1.60) and remained consistent when follow-up duration was extended up to 90 days (aHR: 1.26; 

95% CI: 1.13–1.43). The association was significant for aortic aneurysm and insignificant for 

aortic dissection when aortic aneurysm and dissection were analyzed separately.  

In the subgroup analysis stratified by various demographic and clinical conditions, findings 

remained consistent indicating robust findings. The association appeared to be stronger among 

patients >50 years versus patients ≤ 50 years (aHR:1.31 vs 1.14, respectively). (Table 4).  

 

Discussion 

In this propensity score-matched cohort analysis of US adults, the use of fluoroquinolones was 

associated with a significantly higher risk of aortic aneurysm or dissection compared to an active 

comparator group using macrolides during a 60-day follow-up period. The association was 

primarily driven by aortic aneurysm and was significant in levofloxacin and ciprofloxacin users 

but not in moxifloxacin users compared to macrolide users. In addition, the association was 
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significant in fluoroquinolone users with 7 to 14 days of medication supply compared to 

macrolides. Results remained consistent among various subgroups stratified by demographic 

(age, gender) and clinical characteristics (diabetes, hypertension, cardiovascular conditions).  

A cohort study conducted in Sweden reported that fluoroquinolone use was associated with a 

66% increased rate of aortic aneurysm or dissection (HR: 1.66; 95% CI: 1.12–2.46) compared to 

amoxicillin use among adults aged 50 years or older.16 The much larger magnitude of association 

observed in that study could be explained by differences in the selection of control group, 

antibiotic prescribing patterns, and population evaluated. Amoxicillin being a narrow-spectrum 

antibiotic with limited gram-negative coverage is less preferred than fluoroquinolones for 

patients with severe infections or comorbid conditions.42, 43 In addition, in that study the risk of 

aortic aneurysm or dissection was examined only among adults older than 50 years of age, who 

in our study had an almost 5 times higher incidence rate than those younger than 50 years. A 

cohort study among adults 65 years or older in Canada reported a hazard ratio of 2.24 (95% CI: 

2.02–2.49) for the association between oral fluroquinolones and aortic aneurysm.15 The study 

lacked a comparison group as fluoroquinolone use was compared with no antibiotic use and 

adjusted for only a limited number of covariates indicating residual and unmeasured confounding 

issues. In a nested case-control study conducted in Taiwan,13 current use of fluoroquinolones was 

associated with an increased risk of aortic aneurysm or dissection cases in an elderly Taiwanese 

population (Relative Risk (RR): 1.75; 95% CI: 1.11–2.74). Another recently published nested 

case-control study in the Korean population over 40 years of age found that fluoroquinolone use 

within 60 days was associated with a 53% increased risk of aortic aneurysm and dissections (OR: 

1.53; 95% CI: 1.46–1.62).27 These last two studies, however, lacked an active comparator group 

and underlying confounding factors resulting in a possible overestimation of the effect size. A 
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self-controlled case-crossover study conducted in Taiwan found increased odds of 

fluoroquinolone exposure (OR: 2.71; 95% CI: 1.13–3.71) in an elderly population with aortic 

aneurysm or dissection events.14 A cohort study conducted in the commercially insured 

population aged 18 to 64 years in the United States found that fluoroquinolone use was 

associated with increased incidence of aortic aneurysm (HR: 1.20; 95% CI: 1.17–1.24) when 

compared to other antibiotics including amoxicillin-clavulanate, azithromycin, cephalexin, 

clindamycin, and sulfamethoxazole-trimethoprim.44The slightly lower risk observed in that study 

compared to what our study found can be explained by that study’s exclusion of older 

individuals (≥65 years).  

 

In the context of FDA warnings and existing studies, our findings provide evidence that 

fluoroquinolones are associated with an increased risk of aortic aneurysm in a general US 

population, although the magnitude of association was not as pronounced as in previous studies 

reported in populations from other countries. In addition, our study demonstrates that the 

association was consistent in ciprofloxacin and levofloxacin users, and in users with 7 to 14 days 

of fluoroquinolone exposure. Our findings are inconclusive regarding the associations in 

moxifloxacin users and in those with 3 to 7 days of fluoroquinolone exposure which could be 

attributed to the small sample size. Future research with adequately powered studies is required 

to confirm or deny these findings. Our study highlights that the risk of aortic aneurysm was 

consistent across subgroups of patients stratified by baseline demographic and clinical 

comorbidities (age, gender, diabetes, hypertension, cardiovascular risk-factors). Hence, 

fluoroquinolones should be used with caution in all adults, and could be avoided in patients with 
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pre-existing cardiovascular risk factors and/or collagen-related disorders, unless absolutely 

necessary or when benefits outweigh the risks.  

Several pharmacological mechanisms in the literature offer potential explanations behind 

fluoroquinolones leading to aortic aneurysm or dissection. It is demonstrated that 

fluoroquinolone agents upregulate the production of proteolytic enzymes such as multiple matrix 

metalloproteinase (MMP) including MMP-1, MMP-2, MMP-13.45, 46 This leads to degradation of 

extracellular matrix which is primarily composed of collagen and elastin fibrils. As the strength 

of the aortic wall depends on the composition of extracellular matrix, the increased production of 

MMP enzymes in the presence of fluoroquinolones negatively impacts the aortic wall in a dose-

dependent mechanism.13, 15, 47-52 In addition, both in vitro and in vivo studies have demonstrated 

that aortic aneurysm/dissection develops gradually over the years, and fluoroquinolones can 

potentially increase the risk or worsen already existing aortic aneurysm/dissection in a time-and 

dose-dependent mechanism by stimulating the production of MMPs. However, further research 

establishing the causal association between fluoroquinolones and aortic aneurysm/dissection is 

warranted.  

 

Our study has several strengths. To address the inherent limitation of confounding in 

observational studies, we used an active comparator group comprised of macrolides users. 

Macrolides are a class of antibiotic with no known association with aortic aneurysm or dissection 

and are prescribed for similar infections as fluoroquinolones.53, 54 Our methodological approach 

to use propensity score matching followed by multivariable Cox proportional hazards regression 

allowed for adjustment of differences in baseline demographic and clinical conditions of the two 

groups, while accounting for any residual confounding in the regression model. In addition, we 
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used a nationwide, large administrative claims dataset representative of population covered by an 

employer-sponsored insurance and Medicare supplemental health insurance allowing for drug 

exposure and outcome assessment in real-world settings. Lastly, large sample size of our study 

allowed us to assess the heterogeneity of treatment effects in various subgroups of patients, 

stratified by demographic (e.g. age, gender) and clinical conditions (e.g. hypertension, diabetes, 

cardiovascular comorbidities).  

 

  

Our study has several limitations. First, as we relied on filled prescriptions to capture drug 

exposure, it is not possible to determine if patients actually used the medications as prescribed. 

However, we do not expect this issue to be differential between fluoroquinolone and macrolide 

users. Second, our study replied on ICD codes reported in claims data to measure outcome 

events. Although the PPVs of our algorithm were 92% for aortic aneurysm and 100% for 

dissection cases in validation studies, outcome misclassification cannot be ruled out. However, 

coding errors are likely to be distributed evenly among groups. Third, although we used 

propensity score matching and adjusted for many potential confounders known to be associated 

with aortic aneurysm or dissection, there may be some unmeasured confounders (e.g.,  smoking, 

illicit drug use) that might affect our findings. Fourth, our analysis was restricted to oral 

antibiotics dispensed in outpatient settings, and it is difficult to establish a correlation between 

dose/concentration of fluoroquinolone agents and aortic aneurysm or dissection in our claims-

based dataset. In addition, our findings are not applicable to inpatient use of fluoroquinolones. 

Fifth, our study examined this association in patients with either an employer-sponsored or 

Medicare supplemental insurance, and may not be generalizable to the entire US population.  
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In conclusion, in this propensity-score matched cohort analysis of a US population, we observed 

a 34% increased risk of aortic aneurysm or dissection associated with the use of 

fluoroquinolones, compared with macrolides. The association remained consistent in subgroup 

and sensitivity analyses, especially for ciprofloxacin, levofloxacin, and durations of 

fluoroquinolone exposure ranging from 7 to 14 days. These findings highlight that 

fluroquinolones should be used with caution for populations of all ages.  
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Table 1. Baseline demographic and clinical characteristics of fluoroquinolone and macrolide 
users after propensity score matching  

 
 

Fluoroquinolone 
n= 1,587,310  

        N                     % 

Macrolide 
n= 1,587,310 

      N                 % 

Standardized 
difference 

Age, Mean (SD), 
years  

49.1 (16.8) 47.8 (15.8) 0.08 

      
Age Groups (years)     0.04 
18-34 353,142 22.2 360,254 22.7  
35-44 261,458 16.5 278,278 17.5  
45-54 338,398 21.3 365,191 23.0  
55-64 394,624 24.9 407,056 25.6  
>65 239,688 15.1 176,531 11.1  
Males 723,370 45.6 723,370 45.6 0.00 
Region     0.05 
Northeast 288,207 18.2 301,618 19.0  
North Central 340,794 21.5 341,564 21.5  
South 671,714 42.3 622,753 39.2  
West 267,993 16.9 303,198 19.1  
Insurance     0.04 
Comprehensive 126,147 7.9 96,338 6.1  
HMO 181,283 11.4 193,826 12.2  
POS 99,700 6.3 98,450 6.2  
PPO 874,037 55.1 888,143 56.0  
Clinical 
Comorbidities 

     

Congestive heart 
failure 

40,818 2.6 33,245 2.1 0.03 

Myocardial infarction 11,573 0.7 9,870 0.6 0.01 
Cerebrovascular 
disease 

44,897 2.8 36,669 2.3 0.03 

Transient ischemic 
attack 

34,605 2.2 27,822 1.8 0.03 

Peripheral vascular 
disorders 

41,184 2.6 28,692 1.8 0.05 

Acute coronary 
syndrome 

35,778 2.3 31,809 2.0 0.02 

Cardiac arrhythmia 137,169 8.6 121,855 7.7 0.03 
Valvular disease 50,366 3.1 40,098 2.5 0.03 
Marfan syndrome  129 0.0 107 0.0 0.00 
Loeys Dietz Ehlers 244 0.0 225 0.0 0.00 
Turner syndrome 132 0.0 108 0.0 0.00 
Aortic coarctation 52 0.0 47 0.0 0.00 
Diabetes 191,050 12.0 172,676 10.9 0.04 
COPD 155,232 9.8 141,210 8.9 0.03 
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Malignancy 75,748 4.8 62,458 3.9 0.04 
Liver disease 42,108 2.6 32,168 2.0 0.04 
Renal disease 31,788 2.0 26,164 1.6 0.03 
Rheumatic disease 24,820 1.6 22,513 1.4 0.01 
Hypertension 487,119 30.7 451,690 28.5 0.05 
Hyperlipidemia 305,162 19.2 287,795 18.1 0.03 
Drug abuse 13,120 0.8 12,669 0.8 0.00 
Obesity 122,896 7.7 118,966 7.5 0.01 
Infectious 
Conditions 

     

Pneumonia 53,047 3.3 53,932 3.4 0.00 
Upper respiratory 
tract infection 

85,703 5.4 87,792 5.5 0.01 

Acute respiratory 
infection 

251,647 15.9 265,899 16.8 0.02 

Gastrointestinal 
infection 

112,699 7.1 123,810 7.8 0.04 

Genitourinary 
infection 

83,376 5.3 94,427 5.9 0.03 

Skin infection 58,563 3.7 45,919 2.9 0.04 
Medication Use      
NSAIDS 261,413 16.5 261,117 16.5 0.00 
Glucocorticoids 418,726 26.4 385,269 24.3 0.05 
ACE inhibitors 177,469 11.2 163,858 10.3 0.03 
Angiotensin receptor 
blockers 

93,898 5.9 86,118 5.4 0.02 

Calcium-channel 
blockers 

158,870 10.0 143,514 9.0 0.03 

β blockers 186,574 11.8 164,737 10.4 0.04 
Loop diuretics 49,463 3.1 38,730 2.4 0.04 
Cardiac glycosides 7,445 0.5 4,924 0.3 0.03 
Nitrates 31,010 2.0 26,829 1.7 0.02 
Anticoagulants 38,492 2.4 30,558 1.9 0.03 
Hypoglycemics 160,765 10.1 145,898 9.2 0.03 
Lipid lowering agents 414,375 26.1 385,782 24.3 0.04 
β-agonists  14,605 0.9 14,360 0.9 0.00 
Number of outpatient 
visits, Mean (SD) 

11.0 (12.8)  10.4 
(12.4) 

 0.05 

Number of inpatient 
visits, Mean (SD) 

0.03 (0.2)  0.02 (0.2)  0.03 

SD, standard deviation; HMO, health maintenance organization; POS, point of service; PPO, preferred provider 
organization; COPD, chronic obstructive pulmonary disease; NSAIDS, Non-steroidal anti-inflammatory drugs; 
ACE, Angiotensin converting enzyme. 
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Table 2.  Risk of aortic aneurysm or dissection, aortic aneurysm, and aortic dissection with fluoroquinolone versus macrolide use in 
propensity score-matched cohort 

 Number of 
patients Person-years 

Number 
of 

events 

Incidence (per 
1000 person-

years) 

Adjusted hazard 
ratio* (95% CI) p 

Aortic aneurysm or dissection      
Fluoroquinolone  1,587,310 284,358 548 1.93 1.34 (1.17-1.54) <0.01 
Macrolide  1,587,310 272,799 328 1.20 Reference  
Aortic aneurysm        
Fluoroquinolone  1,587,310 284,359 525 1.85 1.38 (1.20-1.59) <0.01 
Macrolide  1,587,310 272,800 304 1.11 Reference  
Aortic dissection       
Fluoroquinolone  1,587,310 284,404 31 0.11 0.92 (0.55-1.55) 0.92 
Macrolide  1,587,310 272,827 27 0.09 Reference  

CI, confidence interval; *Adjusted hazard ratio was estimated using multivariate Cox-proportional hazards regression adjusting for age, sex, hypertension, 
diabetes, and cardiovascular conditions including congestive heart failure, myocardial infarction, peripheral vascular disorders, acute coronary syndrome, and 
cardiac arrhythmia. 
 
 
 
 
 
 
 
 
 
 
Table 3.  Risk of aortic aneurysm or dissection with fluoroquinolone versus macrolide use in propensity score-matched sensitivity 

analyses  

 Episodes Person-years 
Number 

of 
events 

Incidence (per 1000 
person-years) 

Adjusted hazard ratio (95% 
CI) p 

Type of fluoroquinolone exposure      
Ciprofloxacin 989,156 176,514 330 1.87 1.26 (1.07-1.49) <0.01 
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Macrolide  989,156 169,869 219 1.28 Reference  
Moxifloxacin 165,636 31,810 58 1.82 0.94 (0.64-1.38) 0.75 
Macrolide  165,636 28,455 52 1.82 Reference  
Levofloxacin 504,635 88,822 260 2.92 1.44 (1.19-1.52) <0.01 
Macrolide  504,635 86,124 187 2.17 Reference  
       
Duration of fluoroquinolone exposure      
Fluoroquinolone  
(< 7 days) 370,933 63,582 99 1.61 1.02 (0.72-1.32) 0.98 

Macrolide  370,933 61,659 87 1.36 Reference  
Fluroquinolone  
(7-14 days)  1,129,504 200,971 438 2.27 1.47 (1.26-1.71) <0.01 

Macrolide  1,129,504 193,403 268 1.38 Reference  
       
Primary diagnosis with 90-days follow-up    
Aortic Aneurysm or dissection       
Fluoroquinolone  1,587,310  397,463  699 1.85 1.26 (1.13-1.43) <0.01 
Macrolide  1,587,310  387,115 455 1.17  Reference   
Aortic Aneurysm      
Fluoroquinolone  1,587,310  397,465  671 1.69  1.29 (1.14-1.45) <0.01 
Macrolide  1,587,310  387,116  428 1.10 Reference   
Aortic Dissection     
Fluoroquinolone  1,587,310  397,548  40 0.10 1.03 (0.65-1.63) 0.90 
Macrolide  1,587,310  387,168  34 0.08 Reference   
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Table 3.  Continued  
 Episodes Person-years Events Incidence (per 1000 

person-years) 
Adjusted hazard ratio (95% 

CI) p 

Primary or secondary diagnosis with 60-days follow-up     
Aortic Aneurysm or dissection       
Fluoroquinolone  1,587,310  284,330  992 3.49 1.45 (1.30-1.60) <0.01 
Macrolide  1,587,310  272,786 551 2.01  Reference   
Aortic Aneurysm      
Fluoroquinolone  1,587,310  284,322  955 3.36 1.44 (1.30-1.61) <0.01 
Macrolide  1,587,310  272,788 529 1.93 Reference   
Aortic Dissection     
Fluoroquinolone  1,587,310  284,402  56 0.20 1.14 (0.76-1.71) 0.53 
Macrolide  1,587,310  272,826  40 0.15 Reference   

CI, confidence interval; Adjusted hazard ratio was estimated using multivariate Cox-proportional hazards regression adjusting for age, sex, hypertension, 
diabetes, and cardiovascular conditions including congestive heart failure, myocardial infarction, peripheral vascular disorders, acute coronary syndrome, and 
cardiac arrhythmia. 
Ofloxacin, gemifloxacin, and delafloxacin were not analyzed in sensitivity analysis due to their low sample sizes. 
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Table 4.  Risk of aortic aneurysm or dissection with fluoroquinolone versus macrolide in propensity score-matched subgroup analyses 
 Episodes Person-years Events Incidence (per 1000 

person-years) 
Adjusted hazard ratio (95% 

CI) Pinteraction 

Age    0.04 
≤50 years     
Fluoroquinolone 810,341 153,180 103 0.7 1.14 (1.02-1.48)  
Macrolide  810,341 145,959 65 0.4 Reference  
>50 years       
Fluoroquinolone 777,494 139,599 531 3.80 1.31 (1.14-1.51)  
Macrolide  777,494 133,442 391 2.39 Reference  
       
Sex    0.58 
Males        
Fluoroquinolone 719,419 130,116 390 3.00 1.38 (1.18-1.62)  
Macrolide  719,419 123,469 239 1.93 Reference   
Females        
Fluoroquinolone 863,355 153,486 164 1.07 1.20 (0.93-1.54)  
Macrolide  863,355 147,724 104 0.70 Reference   
       
Hypertension    0.65 
Present      
Fluoroquinolone  469,420 83,739 348 4.16 1.30 (1.10-1.53)  
Macrolide  469,420 80,125 234 2.90 Reference   
Absent        
Fluoroquinolone  1,106,420 198,709 180 0.91 1.36 (1.08-1.71)  
Macrolide  1,106,420 188,038 122 0.60 Reference   
       
Diabetes      0.24 
Present        
Fluoroquinolone 179,134 31,195 111 3.48 1.45 (1.08-1.96)  
Macrolide  179,134 30,515 70 2.29 Reference  
       
Diabetes     
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Absent     
Fluoroquinolone 1,398,843 250,896 424 1.70 1.24 (1.06-1.44)  
Macrolide  1,398,843 239,829 277 1.15 Reference   
       
CV Risk Factors    0.09 
Present       
Fluoroquinolone 190,345 33,464 226 6.75 1.23 (1.05-1.50)  
Macrolide  190,345 32,349 176 5.44 Reference  
Absent       
Fluoroquinolone 1,388,750 249,566 306 1.23 1.43 (1.18-1.72)  
Macrolide  1,388,750 238,818 173 0.72 Reference   

 
*CI: Confidence intervals; CV: Cardiovascular  
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