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Abstract
Objective: To investigate the risk of aortic aneurysm or dissection associated with 
fluoroquinolone (FQ) prescription compared to macrolides in German routine health 
care data in order to replicate the recent study (Pharmacotherapy 2023;43:883) ex-
tending the results by contributing evidence for six additional broad-spectrum antibi-
otic classes as active comparators.
Design: Cohort study in active comparator new user design comparing FQ with 
macrolides, tetracyclines, penicillins with extended spectrum, penicillins and beta-
lactamase inhibitor combinations, second- and third-generation cephalosporins, sul-
fonamide and trimethoprim combinations, and lincosamides.
Setting: German statutory health insurance, the “Allgemeine Ortskrankenkasse” 
(AOK), January 2013 to December 2019.
Participants: Adults with at least one new prescription fill for FQ or active comparator 
antibiotics. New users were defined as individuals without antibiotic prescription fills, 
aortic aneurysm or dissection diagnoses, and hospitalization within 365 days prior to 
the cohort entry date. Users of FQ and active comparators were matched by nearest 
neighbor 1:1 propensity score matching.
Main Outcome Measures: Incident inpatient aortic aneurysm or dissection was ob-
served within a 60-day risk window. In sensitivity analyses, an extended risk window 
of 90 days was applied, and specific FQ agents, dosages, and diagnoses were stratified.
Results: FQ episodes were associated with an increased risk for aortic aneurysm or 
dissection compared to macrolides (aHR = 1.52 [1.33; 1.74]), which replicates the risk 
estimate of Garg et al. (aHR = 1.34 [1.17; 1.54]). This association was robust in a 90-
day risk window and for ciprofloxacin, levofloxacin, and moxifloxacin. Moxifloxacin 
comprised the greatest risk of aortic aneurysm or dissection compared to macrolides 
(aHR = 2.13 [1.64; 2.77]). Moreover, we observed similar associations when comparing 
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1  |  INTRODUC TION

Fluoroquinolones (FQ) are considered reserve broad-spectrum an-
tibiotics with high efficacy against gram-positive, gram-negative, 
atypical, and anaerobic bacteria.1 However, increasing evidence for 
FQ-associated aortic aneurysm and dissection and further serious 
adverse drug reactions led to changes in authorization in 2019 by 
the European Medicines Agency (EMA).2 Nevertheless, FQs are still 
prescribed frequently.3

Potential mechanisms underlying FQ-associated adverse drug 
reactions are oxidative stress triggered by FQ,4 and the degrad-
ing effect of FQ on collagen, introducing an increased activity 
of matrix metalloproteinase with negative consequences for the 
structure of the extracellular matrix.5 Both mechanisms can dam-
age the aortic wall, leading to a higher risk of aortic aneurysm and 
dissection.

The evidence for FQ-associated aortic aneurysm and dissec-
tion was pointed out in several pharmacoepidemiologic studies, 
especially since the 2019 EMA risk assessment report, but re-
sults were as heterogeneous as their designs,6–14 and evidence 
from large European countries is scarce. At the time of writing, 
the most recent study6 evaluating FQ-associated aortic aneu-
rysm or dissection was conducted using United States claims data 
from MarketScan and Medicare and compared new FQ with new 
macrolide prescription fills, but the US study did not compare FQ 
to other antibiotics prescribed for similar infections as FQ. The 
propensity score-matched US cohort estimated a 34% [95% CI: 
17%; 54%] increased relative risk of aortic aneurysm or dissection 
for FQ initiators compared to macrolide initiators during 60-day 
follow-up.6

In this study, we replicated the design of Garg et al.6 within a 
pre-existing data set from another FQ-related population-based 
cohort study to examine the risk of FQ-associated aortic aneu-
rysm and dissection in routine care, representing a large European 
country. Extending the analyses of Garg et al.,6 we analyzed not 
only macrolides but also additional antibiotics in order to assess 
the differences in risk estimation due to the choice of the refer-
ence group.

2  |  METHODS

2.1  |  Source of data

We used longitudinal routine data from one of the largest associa-
tions with 11 statutory health insurances in Germany, the “AOK – 
Die Gesundheitskasse,” which covers about 28 million individuals.15 
The data set provided for this cohort study comprised the insur-
ance time from January 1, 2013, to December 31, 2019, and con-
tained information on age, gender, outpatient drug prescribing (the 
German adaptation of the World Health Organization's Anatomical 
Therapeutic Chemical (ATC) classification with defined daily doses 
(DDD)16) as well as quarterly outpatient and weekly inpatient medi-
cal diagnoses (International Classification of Diseases, 10th Edition, 
German Modification (ICD-10-GM)16), and inpatient procedure cod-
ing (the German adaptation of the International Classification of 
Procedures in Medicine16).

2.2  |  Cohort

We built our study cohort following the inclusion and exclusion 
criteria used by Garg et  al.6 We defined the cohort entry date 
(CED) as the date of the first prescription fill for FQ or mac-
rolides, tetracyclines, penicillins with extended spectrum, peni-
cillins and beta-lactamase inhibitor combinations, second- and 
third-generation cephalosporins, sulfonamide and trimethoprim 
combinations, and lincosamides. Patients with two or more dif-
ferent antibiotics (ATC codes) dispensed at the index date were 
excluded. Moreover, individuals with an implausible amount of 
drug dispensed (either number of drug packages or sum of DDDs 
above 100) during the study period (years 2013–2019) were 
excluded. To be included in the study, individuals had to be at 
least 18 years of age at the CED and continuously insured by the 
AOK for at least 365 days prior to their CED, which was defined 
as the date of the first antibiotic prescription after a washout 
period of 365 days. To be included, individuals were furthermore 
required to not have had any diagnoses of aortic aneurysm or 

FQ to tetracyclines, penicillins with extended spectrum, cephalosporins, and lincosa-
mides (aHR = 1.86 [1.54; 2.24], aHR = 1.45 [1.28; 1.65], aHR = 1.23 [1.10; 1.37], and 
aHR = 1.73 [1.43; 2.11]), respectively.
Conclusion: In a German cohort study, FQ use was associated with a 52% increased 
risk for aortic aneurysm or dissection within 60 days compared with macrolide use. 
The risk of FQ-associated aortic aneurysm or dissection compared to macrolides can 
be replicated in German routine health care data. Extending the analysis, we provided 
new insights that the effect size may depend on the chosen AC.

K E Y W O R D S
adverse drug reactions, aortic aneurysm, fluoroquinolones, macrolides
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dissection during the baseline period and not have had a record 
of any hospitalization or filled prescriptions for more than one 
study antibiotic on the CED. Since outpatient diagnoses are only 
captured on a quarterly basis, five quarters (the index quarter 
and four prior quarters) were used to ensure the 365-day base-
line window for application of exclusion criteria. Figure 1 displays 
the study diagram of the cohort selection.

Individuals were represented by index episodes, and multi-
ple inclusions into the cohorts were possible with respect to all 
selection criteria. Individuals were followed up from CED until 
the earliest occurrence of aortic aneurysm or dissection, end of 
AOK enrollment, end of the study period or follow-up, death, or 
subsequent antibiotic prescription. Minor deviations from Garg 
et  al.6 were that we included all routes of administration not 
only oral ones, and that we were not able to identify the length 
of application (“at least 3 days of exposure”) because information 
on drug dosage is not available in German routine health claims 
data. However, parenteral or intravenous antibiotic prescriptions 
are very uncommon in the outpatient sector, and dispensing of 
drugs in Germany is usually by packages covering several days 
of drug supplies. Moreover, prescription and dispensing of drugs 
are in general only a proxy for exposure without any control over 
compliance and actual use of drugs by patients. Another deviation 
is the length of the washout period for antibiotics, aortic aneu-
rysm or dissection coding, and hospitalizations, which was only 
6 months in the original study. Here, we deviated from Garg et al.6 
because we used a washout period of 12 months.

2.3  |  Aortic aneurysm and dissection

The primary outcome measured was the incidence of aortic aneu-
rysm or dissection requiring hospitalization within a 60-day risk 
window. Therefore, we counted only the first occurrence of inpa-
tient discharge diagnoses of I71 codes of the ICD-10-GM. For the 
exclusion criteria during the baseline window, all inpatient discharge 
diagnoses and outpatient diagnoses of ICD-10-GM: I71, which are 
labeled as “confirmed,” were marked as relevant cases to exclude in 
order to ensure the observation of new cases only.

2.4  |  Statistical analysis

Standardized differences were estimated to quantify differences in 
the distribution of baseline characteristics for gender, age, Charlson 
comorbidity index (CCI),18,19 diabetes mellitus, and cardiovascular 
diseases before and after 1:1 nearest neighbor propensity score 
matching with a 0.1 caliper. Propensity scores were estimated by 
logistic regression. Variables included for this approach were age in 
years, gender, CCI, number of drugs dispensed at baseline, diabetes 
mellitus (ICD-10-GM: E10-E14), and cardiovascular diseases (ICD-
10-GM: G45, G46, I11, I13, I20-I22, I24, I25, I34-I37, I42-I50, I61-
I67, I70, I72-I74, I77, J81, K55).

Incidence rates of aortic aneurysm or dissection were reported as 
the number of aortic aneurysm or dissection cases per 10,000 person-
years. Incidence rates were standardized by the German standard 

F I G U R E  1  Study design diagram 
(illustration template from Schneeweiss 
et al.17).
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population, which is based on the Micro Census 2011.20 Adjusted haz-
ard ratios (aHR) were estimated by applying Cox proportional hazard 
regression models with additional covariate adjustment for age, gen-
der, diabetes mellitus, cardiovascular diseases, and CCI.

We performed subgroup analyses for age (≤50-year-olds, 
>50-year-olds), gender (males, females), and with or without diabetes 
mellitus or cardiovascular diseases to disaggregate our effect esti-
mates for important patient characteristics. Moreover, we conducted 
sensitivity analyses for the outcome itself by stratification into aortic 
aneurysm or dissection only as well as single-agent comparisons of FQ 
agents and prolonged the risk window from 60 to 90 days of follow-up. 
Instead of stratification for exposure duration, we alternatively used 
DDDs as a proxy and disaggregated our analysis into low-, medium-, 
and high-dose categories to check for dose–response effects. The 
dose categories were based on the distribution of the DDDs dispensed 
per index prescription of the respective active ingredient in the cohort. 
If an individual's DDD amount was in the lower third (i.e., lower than 
the 33rd percentile) of all dispensings, the case was classified as low 
dosage. DDD amounts between the 33rd and 66th percentiles were 
defined as medium dosage, and DDD amounts above the 66th percen-
tile were defined as high dosage. Due to a very small number of individ-
uals with active comparator episodes with low dosage after matching, 
this category was combined with the medium-dose category. Lastly, 
we used a random effects (frailty) model in a sensitivity analysis in 
order to account for unobserved heterogeneity.

The propensity score matching was conducted using SAS soft-
ware, version 9.4 (SAS Institute, Inc., North Carolina, USA). All other 
analyses were performed in R, version 4.1.0, from January 2024 to 
December 2024. The analyzed data set was based on a sample size 
calculation able to report hazard ratios ≥1.20 with a power of 80%. 
All effect estimates were reported with their corresponding 95% 
confidence intervals (CI).

3  |  RESULTS

We identified 2,121,502 FQ episodes, which fulfilled all selection 
criteria. Among the selected active comparators, 2,748,408 mac-
rolide episodes were selected. After the propensity score matching 
approach, the analysis was based on 1,881,918 index episodes in 
each group. Figure 2 illustrates the cohort attrition for all seven sep-
arate data sets. The replication of the FQ and macrolide comparison 
of Garg et al.6 (i.e., cohort 1) is highlighted in blue.

Before the propensity score matching, individuals with FQ epi-
sodes had a higher mean age (standardized mean difference 0.490). 
Patients in FQ episodes were on average 57 years old, whereas pa-
tients in macrolide episodes were on average 47 years old. Moreover, 
patients during FQ episodes had a higher comorbidity burden as 
measured by CCI, drugs dispensed, and diagnoses of diabetes melli-
tus or cardiovascular diseases. After propensity score matching, all 
baseline conditions of FQ episodes compared to active comparator 
episodes were well-balanced (see Table 1). Compared to the other 
active comparators, individuals with FQ episodes were again on 

average older than individuals with episodes of tetracyclines, pen-
icillins with extended spectrum, second- and third-generation ceph-
alosporins, and lincosamides before the propensity score matching 
(standardized mean difference >0.2). Individuals with episodes of 
penicillins with beta-lactamase inhibitors were more frequently 
male, whereas individuals with episodes of sulfonamides and tri-
methoprim combinations were predominantly female (standardized 
mean difference >0.2, see Tables S1a–f).

After propensity score matching, 1,881,918 episodes of each FQ 
and macrolide were included in the analyses. Study population char-
acteristics were well balanced (all standardized mean differences 
<0.2) as displayed in Table 1. The matching approach was applied to 
all active comparators selected. After matching, the best balancing 
was achieved in the FQ versus penicillin with beta-lactamase inhib-
itors, sulfonamide and trimethoprim combinations, and tetracycline 
cohorts. The FQ versus lincosamides study cohort had the least 
preferable balance of baseline characteristics, but balance was still 
sufficient (see Tables S1a–f).

In the FQ versus macrolides cohort, we identified 934 incident di-
agnoses of an aortic aneurysm or dissection, of which 599 cases oc-
curred during FQ episodes. This results in a crude incidence rate of 4.20 
aortic aneurysm or dissection cases per 10,000 person-years during 
FQ episodes compared to 2.24 aortic aneurysm or dissection cases 
per 10,000 person-years during macrolide episodes. The age- and 
gender-standardized incidence rate was 3.10 aortic aneurysm or dis-
section cases per 10,000 person-years during FQ episodes compared 
to 1.88 aortic aneurysm or dissection cases per 10,000 person-years 
during macrolide episodes. By applying a multivariate Cox proportional 
hazard regression model, we estimated a 52% increased risk for aortic 
aneurysm or dissection within 60 days after FQ prescription compared 
to a macrolide prescription (Table 2). In the sensitivity analysis with 
extended follow-up time to 90 days, the FQ-associated risk for aortic 
aneurysm or dissection remained elevated.

Figure 3 illustrates the results from subgroup analyses on the risk 
of aortic aneurysm or dissection associated with FQ episodes com-
pared to macrolide episodes. Relative risks of FQ-associated aortic 
aneurysm or dissection were increased for both genders but higher 
for males. Most cases of aortic aneurysm or dissection occurred at an 
older age. In this age group (>50 years), FQ episodes were associated 
with a 57% increased risk of aortic aneurysm or dissection compared 
to macrolide episodes in the same age group. Due to the small number 
of aortic aneurysm or dissection events in ≤50-year-old individuals, 
risk estimation was imprecise. Considering only diagnoses of aor-
tic aneurysms, the relative risk was 32% higher during FQ episodes. 
Furthermore, FQ-associated risk was higher in the high DDD subgroup 
compared to the low or medium DDD subgroup. The disaggregation 
of single FQ substance episodes resulted in an increased risk of aortic 
aneurysm or dissection during norfloxacin, ciprofloxacin, levofloxacin, 
and moxifloxacin episodes. Moxifloxacin episodes comprised a 2-fold 
increased risk compared to macrolide episodes. For enoxacin, the sam-
ple size was too small for multivariate analysis. For ofloxacin, as well 
as for aortic dissections only, nominally increased risks were found, 
although 95% CI overlapped 1 (indicating no increased risk); however, 
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318  |    WICHERSKI et al.

these signals with less precise 95% CIs could also be power-related due 
to the small number of events included. Moreover, high risks of aortic 
aneurysm or dissection for FQ episodes were found regardless of the 
presence of comorbidities (diabetes, cardiovascular diseases).

Table 3 shows the results from multivariate Cox regression mod-
els using different active comparators. The relative risks of aortic 
aneurysm or dissection were also increased for FQ episodes when 
compared to tetracyclines, penicillins with extended spectrum, 
second- and third-generation cephalosporins, and lincosamides. 
Compared to penicillin and beta-lactamase inhibitor combinations 
as well as sulfonamide and trimethoprim combinations, the relative 
risks for FQ-associated aortic aneurysm or dissection were nomi-
nally decreased, but the 95% CI overlapped 1.

Sensitivity analyses regarding unobserved heterogeneity, intro-
duced, for example, by missing information on indication, displayed 

that there is no evidence for post-baseline imbalances (such as ex-
pected by unobserved heterogeneity) as the variance of random ef-
fects was small for all comparisons (Tables S2 and S3).

4  |  DISCUSSION

This population-based propensity score-matched cohort study of 
German adults provides real-world evidence for FQ-associated aor-
tic aneurysm or dissection during a 60-day follow-up period. The 
association was primarily driven by aortic aneurysm as the outcome 
and for ciprofloxacin, levofloxacin, and moxifloxacin as exposure 
FQ drugs compared to macrolides as active comparators. A dose–
response relationship was found, and results remained consistent 
among all subgroup and sensitivity analyses. Furthermore, the risk of 

F I G U R E  2  Cohort attrition.
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TA B L E  1  Study population characteristics before and after propensity score matching, cohort FQ vs. macrolides.

Before propensity score matching

Standardized 
difference

After propensity score matching

Standardized 
difference

FQ 
(n = 2,121,502)

MAC 
(n = 2,748,408)

FQ 
(n = 1,881,918)

MAC 
(n = 1,881,918)

Age, years 
(mean (SD))

56.51 (19.32) 47.32 (18.18) 0.490 53.87 (18.80) 53.03 (17.98) 0.046

Male gender (%) 868,490 (40.94) 1,218,568 (44.34) 0.069 815,683 (43.34) 752,997 (40.01) 0.068

CCI (%)

0 1,295,906 (61.08) 1,916,428 (69.73) 0.213 1,193,354 (63.41) 1,226,679 (65.18) 0.046

1–2 615,584 (29.02) 683,089 (24.85) 528,927 (28.11) 515,870 (27.41)

3–4 162,410 (7.66) 120,988 (4.40) 128,705 (6.84) 112,168 (5.96)

5+ 47,602 (2.24) 27,903 (1.02) 30,932 (1.64) 27,201 (1.45)

Drugs dispensed (%)

0 330,966 (15.60) 621,737 (22.62) 0.360 330,580 (17.57) 329,016 (17.48) 0.031

1–3 436,333 (20.57) 759,734 (27.64) 432,857 (23.00) 433,353 (23.03)

4–10 518,373 (24.43) 695,722 (25.31) 475,612 (25.27) 496,004 (26.36)

11–20 382,195 (18.02) 364,333 (13.26) 324,689 (17.25) 322,732 (17.15)

21+ 453,635 (21.38) 306,882 (11.17) 318,180 (16.91) 300,813 (15.98)

Diabetes mellitus (%)

E10-14 410,669 (19.36) 312,530 (11.37) 0.223 299,090 (15.89) 294,204 (15.63) 0.007

Cerebral vascular syndromes (%)

G45 19,816 (0.93) 14,298 (0.52) 0.049 13,952 (0.74) 13,647 (0.73) 0.002

G46 1345 (0.06) 854 (0.03) 0.015 958 (0.05) 823 (0.04) 0.003

Hypertension (%)

I11 117,528 (5.54) 86,603 (3.15) 0.117 83,333 (4.43) 82,979 (4.41) 0.001

I13 4425 (0.21) 2637 (0.10) 0.029 2873 (0.15) 2568 (0.14) 0.004

Ischemic heart disease (%)

I20 38,748 (1.83) 31,290 (1.14) 0.057 28,638 (1.52) 28,975 (1.54) 0.001

I22 472 (0.02) 353 (0.01) 0.007 376 (0.02) 340 (0.02) 0.001

I24 4879 (0.23) 3441 (0.13) 0.025 3476 (0.19) 3333 (0.18) 0.002

I25 247,471 (11.67) 166,286 (6.05) 0.199 173,824 (9.24) 162,474 (8.63) 0.021

Valve diseases (%)

I34 70,978 (3.35) 55,142 (2.01) 0.083 49,981 (2.66) 51,226 (2.72) 0.004

I35 57,298 (2.70) 40,332 (1.47) 0.086 39,238 (2.09) 38,738 (2.06) 0.002

I36 7498 (0.35) 5706 (0.21) 0.028 5116 (0.27) 5337 (0.28) 0.002

I37 2440 (0.12) 2316 (0.08) 0.010 1800 (0.10) 1902 (0.10) 0.002

Cardiomyopathy (%)

I42 18,740 (0.88) 13,860 (0.50) 0.046 14,039 (0.75) 12,964 (0.69) 0.007

I43 959 (0.05) 842 (0.03) 0.007 701 (0.04) 784 (0.04) 0.002

Cardiac arrhythmia (%)

I44 33,728 (1.59) 23,027 (0.84) 0.069 23,625 (1.26) 22,017 (1.17) 0.008

I45 21,861 (1.03) 18,962 (0.69) 0.037 16,845 (0.90) 16,397 (0.87) 0.003

I46 481 (0.02) 360 (0.01) 0.007 355 (0.02) 333 (0.02) 0.001

I47 24,512 (1.16) 24,081 (0.88) 0.028 19,338 (1.03) 20,368 (1.08) 0.005

I48 105,150 (4.96) 60,933 (2.22) 0.148 69,465 (3.69) 59,858 (3.18) 0.028

I49 129,689 (6.11) 107,270 (3.90) 0.101 96,275 (5.12) 96,077 (5.11) <0.001

(Continues)
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FQ-associated aortic aneurysm or dissection was also present com-
pared to other antibiotic classes as active comparators. Overall, our 
results confirm the general conclusion of Garg et al.6 that FQ should 
be used with caution in adults with certain pre-existing risk factors 
but additionally demonstrate that antibiotics used for similar indica-
tions as FQ are not a homogeneous group and that the choice of the 
comparison antibiotic may have a pronounced effect on the relative 
risks associated with FQ.

We were able to replicate the study design and the results of 
almost all main, subgroup, and sensitivity analyses reported in the 
MarketScan and Medicare data-based study,6 but with numerically 
higher relative risks estimated in our German population. In the 
United States data analysis, aHR was 1.34 [1.17; 1.54] compared 
to 1.52 [1.33; 1.74] in the German data analysis. This increase 
might be explainable due to the small modifications applied to the 
data analysis based on the differences in the available data set it-
self. Moreover, differences in United States and German health 
insurance populations and public health services are expected. 
In Germany there is, for example, a routine screening program of 
abdominal aortic aneurysms in ≥65-year-old male individuals.21 In 
contrast, in the United States, there is only a recommendation of an 
examination in ≥65-year-old male individuals with certain risk fac-
tors for aortic aneurysm or dissection.22 The fact that the screening 

routine in Germany is only applicable for male individuals may have 
contributed to the observed risk differences between males and 
females.

Although Garg et  al.6 reported inconclusive results for moxi-
floxacin (aHR = 0.94 [0.64; 1.38]), which could be attributed to their 
smaller sample size, we were able to contribute evidence to a high 
risk of moxifloxacin-associated aortic aneurysm or dissection with a 
sufficient number of events (aHR = 2.13 [1.64; 2.77]). In their study, 
Garg et  al.6 chose macrolides as the single active comparators, as 
those drugs are used for similar infections as FQs, and there has 
not been any evidence linking macrolides to aortic aneurysms and 
dissections. In German statutory health insurance data, ambulatory 
diagnoses are available only on a quarterly basis, and patients with 
a diagnosis of aortic aneurysm or dissection during the quarter of 
the index prescription have been excluded in order to eliminate 
cases where the event may have been preexisting before the anti-
biotic prescription. However, if these inconclusive cases were truly 
new events, this would exclude a large number of cases and may 
explain why absolute incidence rates of aortic aneurysm or dissec-
tion in this study (4.20 and 2.24 cases per 10,000 person-years 
during FQ or macrolide episodes, respectively) were lower than in 
the Garg et al.6 study (19 and 12 cases per 10,000 person-years, re-
spectively). Nevertheless, since this exclusion criterion was applied 

Before propensity score matching

Standardized 
difference

After propensity score matching

Standardized 
difference

FQ 
(n = 2,121,502)

MAC 
(n = 2,748,408)

FQ 
(n = 1,881,918)

MAC 
(n = 1,881,918)

Heart failure (%)

I50 152,715 (7.20) 96,001 (3.49) 0.165 103,039 (5.48) 93,912 (4.99) 0.022

Cerebrovascular diseases (%)

I61 3139 (0.15) 1967 (0.07) 0.023 2221 (0.12) 1815 (0.10) 0.007

I62 1034 (0.05) 680 (0.03) 0.013 725 (0.04) 632 (0.03) 0.003

I63 21,214 (1.00) 12,896 (0.47) 0.062 14,830 (0.79) 12,465 (0.66) 0.015

I64 20,752 (0.98) 12,028 (0.44) 0.065 14,238 (0.76) 11,683 (0.62) 0.016

I65 54,031 (2.55) 37,660 (1.37) 0.085 37,909 (2.01) 36,793 (1.96) 0.004

I66 2550 (0.12) 1983 (0.07) 0.016 1838 (0.10) 1827 (0.10) <0.001

I67 71,670 (3.38) 47,481 (1.73) 0.105 49,596 (2.64) 46,293 (2.46) 0.011

I68 215 (0.03) 127 (0.02) 0.005 151 (0.03) 126 (0.03) 0.003

Diseases of the arteries, arterioles, and capillaries (%)

I70 128,683 (6.07) 87,824 (3.20) 0.137 90,566 (4.81) 85,654 (4.55) 0.012

I72 3030 (0.14) 2515 (0.09) 0.015 2367 (0.13) 2296 (0.12) 0.001

I73 65,177 (3.07) 44,425 (1.62) 0.096 47,241 (2.51) 41,939 (2.23) 0.019

I74 4186 (0.20) 2944 (0.11) 0.023 3070 (0.16) 2742 (0.15) 0.004

I77 8600 (0.41) 6471 (0.24) 0.030 6278 (0.33) 6054 (0.32) 0.002

Pulmonary edema (%)

J81 1062 (0.05) 658 (0.02) 0.014 698 (0.04) 643 (0.03) 0.002

Vascular diseases of the intestine (%)

K55 673 (0.03) 497 (0.02) 0.009 496 (0.03) 421 (0.02) 0.003

Abbreviations: CCI, Charlson comorbidity index; CVD, cardiovascular diseases; FQ, fluoroquinolones; MAC, macrolides; SD, standard deviation.

TA B L E  1  (Continued)
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to all antibiotic groups (FQ as well as macrolides), one may assume 
that the relative risks (HR) between FQ exposure and macrolide ex-
posure would be uncompromised by excluding these inconclusive 
cases with ambulatory diagnoses during the index quarter. German 
statutory health insurances do not comprise the indication of an 
antibiotic prescription, and ambulatory diagnoses are only avail-
able on a quarterly basis, whereby a direct linkage between infec-
tious diseases with a corresponding antibiotic prescription was not 

possible. Confounding by indication should therefore be taken into 
account since an infectious disease itself may be a risk factor for 
the development of aortic aneurysm or dissection. Moreover, those 
infectious diseases, such as pneumonia, could increase the possibil-
ity of incidentally diagnosing aortic aneurysm or dissection due to 
X-ray imaging. Therefore, we applied a frailty model to address un-
observed heterogeneity and the resulting post-baseline imbalances 
between matched pairs. The variance of random effects was small; 

Follow-up duration

60 days 90 days

aHR [95% CI] aHR [95% CI]

FQ episode (ref. macrolides) 1.520 [1.329; 1.738] 1.427 [1.268; 1.605]

Age in years 1.065 [1.060; 1.071] 1.065 [1.060; 1.070]

Males (ref. females) 3.823 [3.315; 4.410] 3.806 [3.356; 4.317]

CCI (ref. 0)

1–2 1.100 [0.948; 1.275] 1.125 [0.987; 1.283]

3–4 1.171 [0.958; 1.430] 1.186 [0.994; 1.416]

5+ 0.872 [0.612; 1.241] 0.936 [0.689; 1.270]

CVD 1.514 [1.293; 1.773] 1.529 [1.330; 1.758]

Diabetes mellitus 0.833 [0.719; 0.965] 0.839 [0.737; 0.955]

Abbreviations: AC, active comparator; aHR, Adjusted hazard ratio; CCI, Charlson comorbidity 
index; CI, 95% confidence interval [lower bound; bound]; CVD, cardiovascular disease; FQ, 
fluoroquinolone; ref., reference.

TA B L E  2  Results from the Cox 
regression, FQ vs. macrolides, stratified by 
follow-up duration.

F I G U R E  3  Results from the Cox 
regression model subgroup analyses.
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we therefore saw no difference between the matched pairs, so there 
is no evidence for post-baseline imbalances between matched pairs 
in our analysis.

After replicating the results of Garg et  al.6 for macrolides, we 
extended their work and also compared FQs to other active com-
parator antibiotics that are also prescribed for similar infections as 
FQs and for which no evidence for aortic aneurysms and dissections 
exists. We were able to show that the association between FQ and 
the outcome differs depending on the chosen AC. For tetracyclines, 
cephalosporins, penicillins with extended spectrum, and lincos-
amides, aHRs were similar to the comparison of FQs with macro-
lides. However, for penicillins in combination with beta-lactamase 
inhibitors as well as for sulfonamide and trimethoprim combinations, 
results were inconclusive, and the estimated aHR and lower bound 
of 95% CIs indicated a protective effect for FQ episodes compared 
to active comparator episodes. An increased relative risk of FQ was 
also reported by other previous studies based on US claims data 
such as comparing FQ to azithromycin and amoxicillin9 or to a variety 
of active comparators.8 Likewise, a Swedish cohort study10 reported 
an increased relative risk for FQ-associated aortic aneurysm or dis-
section compared to amoxicillin.

To the best of our knowledge, this is the first large-scale cohort 
study based on German data comparing FQ to several active com-
parators separately addressing the outcome of aortic aneurysm or 
dissection. We further confirmed the increased risk of aortic aneu-
rysm or dissection associated with FQ use, which should be taken 
into account by physicians when prescribing antibiotics. By using 
an active comparator new user design, we have reduced the risk of 
confounding by indication since comparable antibiotics were used 
as reference groups. By analyzing several active comparators sep-
arately, we provided detailed information on differences between 
antibiotics. We additionally minimized confounding by baseline 
conditions and the problem of non-random treatment allocation 

by applying a propensity score matching approach. Our data cover 
one-third of the German population15 and offer population-based 
insights into the real-world health care situation of a representative 
patient population in Germany. Thus, we were able to conduct a 
large-scale cohort study with a high number of aortic aneurysm or 
dissection events. As claims data are used primarily for billing pur-
poses, we expect a consistently high degree of completeness in all 
diagnoses and drug prescriptions used to create our outcome, ex-
posure, and covariates. As health care access within the statutory 
health system in Germany is not limited by financial constraints, we 
also expect with a high degree of certainty that all relevant cases 
have been recorded.

In conclusion, in this German cohort study, a 52% increased risk 
of aortic aneurysm or dissection associated with FQ episodes com-
pared to macrolide episodes was observed. The relative risk of FQ 
episodes increased up to 86% depending on the active comparator 
chosen for the analysis. Risk estimates remained consistent across 
subgroup and sensitivity analyses. High-risk groups observed were 
male individuals, individuals aged >50 years, and individuals with a 
high daily dose. These findings confirm that FQ should be prescribed 
with caution, and alternative first-line antibiotics should be pre-
ferred if possible.
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TA B L E  3  Results from the Cox regression, main models with 
other active comparators.

Aortic aneurysm/
dissection

aHR [95% CI]

FQ vs. tetracyclines 1.859 [1.542; 2.240]

FQ vs. penicillins with extended 
spectrum

1.451 [1.275; 1.650]

FQ vs. penicillins and beta-lactamase 
inhibitors

0.898 [0.764; 1.056]

FQ vs. second- and third-generation 
cephalosporins

1.229 [1.104; 1.367]

FQ vs. sulfonamide and trimethoprim 0.909 [0.717; 1.153]

FQ vs. lincosamides 1.737 [1.430; 2.110]

Note: Regressions were adjusted for age, gender, Charlson comorbidity 
index, cardiovascular diseases, and diabetes mellitus.
Abbreviations: aHR, adjusted hazard ratio; CI, 95% confidence interval 
[lower bound; upper bound]; FQ, fluoroquinolone.
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