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Association of fluoroquinolones with the risk of
spontaneous pneumothorax: nationwide case—time—

control study
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ABSTRACT

Introduction Fluoroquinolones can cause severe
collagen-associated adverse effects, potentially impacting
the pulmonary connective tissue. We investigated the
association between fluoroquinolones and spontaneous
pneumothorax.

Methods A case—time—control study was performed
using the nationwide French reimbursement healthcare
system database (SNDS). Cases were adults =18 years
admitted for spontaneous pneumothorax between
2017 and 2022. For each case, fluoroquinolone use
was compared between the risk period immediately
preceding the admission date (days —30 to —1), and
three earlier reference periods (days —180 to —151,
—150 to —121, =120 to —91), adjusting for time-varying
confounders. OR estimates were corrected for potential
exposure-trend bias using a reference group without
the event (matched on age, sex, chronic obstructive
pulmonary disease history, calendar time). Amoxicillin
use was studied similarly to control for indication bias.
Results Of the 246 pneumothorax cases exposed to
fluoroquinolones (63.8% men; mean age, 43.0+18.4
years), 63 were exposed in the 30-day risk period
preceding pneumothorax and 128 in the reference
periods. Of the 3316 amoxicillin cases (72.9% men;
mean age, 39.4+17.6 years), 1210 were exposed in the
30-day risk period and 1603 in the reference ones. OR
adjusted for exposure-trend and covariates was 1.59
(95% Cl 1.14 to 2.22) for fluoroquinolones and 2.25
(2.07 to 2.45) for amoxicillin.

Conclusion An increased risk of spontaneous
pneumothorax was associated with both fluoroquinolone
and amoxicillin use, with an even higher association

for amoxicillin. This strongly suggests the role of the
underlying infections rather than a causal effect of the
individual antibiotics and can be considered reassuring
regarding a potential lung connective toxicity of
fluoroquinolones.

INTRODUCTION

A spontaneous pneumothorax refers to the pres-
ence of air in the pleural space without any trau-
matic cause. The annual incidence of hospital
admissions for spontaneous pneumothorax is
reported to be 11.6 to 22.7 per 100000 inhabi-
tants in European countries, with variations based
on sex (male predominance) and age.' > Primary
spontaneous pneumothorax affects patients with no
known pre-existing lung conditions, and smoking
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Fluoroquinolones can cause severe collagen-
associated adverse effects, including tendon
rupture, aortic aneurysm or dissection and
retinal detachment. The pulmonary connective
tissue may also be affected, causing
spontaneous pneumothorax.

WHAT THIS STUDY ADDS

= In this case—time—control study, recent
exposure to fluoroquinolones (ie, in the
previous 30 days) was significantly associated
with the occurrence of spontaneous
pneumothorax requiring a hospitalisation
compared with former exposure. However,
a stronger association was found for the
active comparator, amoxicillin, suggesting
confounding by indication.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= These results are reassuring regarding
a potential lung connective toxicity of
fluoroquinolones and highlight the need to use
an active comparator in self-controlled designs
when confounding by indication appears
possible.

is a significant risk factor.” In addition, it is now
surmised that spontaneous pneumothorax might
be favoured by the interplay of lung abnormalities
such as pre-existing blebs, bullae, emphysema-like
changes and perturbations or abnormal levels of
matrix metalloproteinases (MMP).** On the other
hand, secondary spontaneous pneumothorax arises
as a complication of an established lung pathology;
it can also be the consequence of an infectious
process (bacterial, viral) occurring in the lung.
Besides, spontaneous pneumothorax is a known
pulmonary complication of congenital disorders
with collagen defects, such as Marfan syndrome,
cardinal features of which include aortic aneurysm
and dissection, axial myopia leading to retinal
detachment, and hyperlaxity.”

Fluoroquinolones are broad-spectrum antibiotics
extensively used for the treatment of various infec-
tions, including respiratory or urinary tract infec-
tions. Fluoroquinolones can cause serious adverse
effects, thought to be due to a direct collagen
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toxicity,’ resulting in tendon rupture,’ > aortic aneurysm or

dissection®™” and, possibly, retinal detachment.'®2° These anti-
biotics may decrease collagen synthesis, particularly collagen
types I and III, by upregulating the expression of MMP.'? 2! 2
Consequently, there is concern about fluoroquinolone-induced
collagen toxicity, which might potentially damage connective
tissues throughout the body other than those mentioned above.
Notably, collagen type I is the most abundant collagen in many
interstitial connective tissues; collagen type III is widely distrib-
uted in tissues containing collagen type I and is a crucial compo-
nent of reticular fibres in the interstitial tissue of the lungs.” If
fluoroquinolone-induced collagen disruption was to involve the
pulmonary connective tissue, it is possible that these drugs could
lead to spontaneous pneumothorax.

We found almost no publication investigating specifically
the potential role of antibiotics. One case report suggested the
potential role of antibiotics (among which a fluoroquinolone)
in the occurrence of a pneumothorax, the other possible causes
discussed were lung metastasis and/or Pneumocystis jirovecii
pneumonia).** To address this gap, our study aimed to inves-
tigate this association between fluoroquinolone use and the
risk of spontaneous pneumothorax using real-world data. We
performed a case-time—control study using an active compar-
ator (amoxicillin) to assess potential confounding by indication.

METHODS

Data source

A nationwide study was conducted from 1 January 2017 through
31 December 2022, using the French Health Insurance (Systéme
National des Données de Santé, SNDS nationwide database,
linked with the national hospital discharge database (Programme
de Médicalisation des Systémes d’Information, PMSI). SNDS
contains information on at least 99% of the French population;
it consists of an anonymous and exhaustive recording of all reim-
bursements for outpatients-dispensed healthcare expenditure,
including drugs. Indications for prescribing and the results of
medical procedures or lab tests are not available in the SNDS.
However, the database includes medical diagnosis information
relating to long-term chronic diseases and disabilities eligible for
full reimbursement of healthcare. On the other hand, the PMSI
database provides some medical information (including diag-
noses) on all admissions to private and public hospitals in France;
information on drugs administered during hospitalisation is not
available in the database. Further details on the French medico-
administrative databases have been described elsewhere.”

The present study focused on the beneficiaries of the main
Health Insurance scheme for employees, including salaried
workers and their relatives as well as retired salaried workers
and their relatives, representing 87% of the French population.
The SNDS database has been collecting comprehensive data on
this population since 2006.

Study design

To analyse the association between fluoroquinolone exposure
and spontaneous pneumothorax, we used a case—time—control
design, which is particularly suitable for investigating acute
events and intermittent exposures.”® Spontaneous pneumo-
thorax is typically characterised by an acute onset of clinical
symptoms, and antibiotic therapy is usually of short duration
(97% of fluoroquinolone prescriptions in outpatient setting
lasted less than 15 days in 2019).”” The case—time—control
design involves two self-controlled case-crossover analyses. In
the first one, the distribution of exposure during a risk period

(compatible with a causal effect of the drug) is compared with the
distribution during one or more earlier reference periods when
the exposure cannot be causally related to the outcome. This
within-person comparison design allows for self-adjustment over
a short period for individual factors not typically recorded in
medicoadministrative healthcare databases and that do not vary
over time (or vary slowly), such as height and weight, genetic
connective-tissue diseases or tobacco smoking habits. However,
since reference periods are older than the risk period, the esti-
mated OR for association, determined solely by the exposure of
cases at different times, can be biased if there is a trend towards
increased or decreased exposure in the population source during
the study period. To eliminate this potential exposure-trend bias,
the case—time—control design was developed by performing an
additional case-crossover analysis using a time-trend control
group of exposed subjects free of the event of interest.

Based on previous studies that assessed the risk of adverse
events related to collagen-disorders induced by fluoroquinolone
B 1 we considered a risk period of 30 days immediately
before the outcome (days —30 to —1 before the date of occur-
rence of the event; index date) and three reference periods of
similar duration (days —180 to —151, —150 to —121, —120
to —91). A wash-out window (days —90 to —31) was imple-
mented between the risk and reference periods to minimise any
potential carry-over effect of exposure in reference periods on
the outcome (figure 1).

The second case-crossover analysis, carried out in order to
control for the time-trend in exposure, involved a time-trend
control group of non-diseased individuals. Time-trend controls
were identified among fluoroquinolone users who remained free
of the outcome at the time a case occurred. For each case, we
selected up to 10 controls individually matched according to
sex, age and history of chronic obstructive pulmonary disease
(COPD) among those aged 40 years and over. The patients
selected for the time-trend control group were assigned the
corresponding case’s index date.

The case-time—control design cannot fully eliminate a poten-
tial confounding by indication, which could occur if the indica-
tion for fluoroquinolone use itself is associated with an increased
risk of spontaneous pneumothorax. To assess the potential exis-
tence of such a bias, we used an active comparator design with
amoxicillin as the comparator. Consequently, we also estimated
the association between spontaneous pneumothorax occurrence
and amoxicillin use using a similar case~time—control design.”®
Amoxicillin’s indication profile overlaps with that of fluoro-
quinolones, including for respiratory tract infections (although
amoxicillin is recommended as the first choice).”’ According
to our literature review and Pneumotox data search, it has no
known association with pneumothorax. If there was an associ-
ation between pneumothorax and both fluoroquinolones and
amoxicillin, it would be suspected to relate to the risk conveyed
by their common indication of use (respiratory tract infection).
Conversely, if there were only an association between pneumo-
thorax and fluoroquinolones, it would be considered more likely
to relate to the effect of the drug and less likely to constitute a
biased consequence of its indication.

Spontaneous pneumothorax

The study focused on spontaneous pneumothorax as an emer-
gency admission, recorded as the principal reason for the admis-
sion (primary diagnosis position), in a non-traumatic context.
The International Classification of Diseases 10th revision (ICD-
10) code used to identify spontaneous pneumothorax from the
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Exposure assessment 180 days before spontaneous pneumothorax admission
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Diagram of the case—time—control design for studying the association between antibiotic exposure (fluoroquinolone or amoxicillin) and

the occurrence of spontaneous pneumothorax. CCO, case-crossover; CTC, case—time—control; Ref period, reference period.

hospital discharge records was ICD-10 J93 as primary diagnosis;
records containing additional secondary or subsidiary diagnoses
codes indicating traumatic pneumothorax (ICD-10 S$27.0-
$27.2), or traumatic subcutaneous emphysema (ICD-10 T79.7)
were not included. The date of admission for spontaneous pneu-
mothorax was designated as the index date.

There is no distinction between primary and secondary spon-
taneous pneumothorax in ICD-10 codes. Therefore, in the
present study, presumed type of spontaneous pneumothorax
relied on risk factors identified either on the same spontaneous
pneumothorax record or within the 5 years preceding the event
(see online supplemental eTable 1 for codes).

Exposure to antibiotics

All fluoroquinolones approved for oral or injectable use were
considered and identified using the Anatomical Therapeutic
Chemical (ATC) classification code JO1IMA (ciprofloxacin,
levofloxacin, lomefloxacin, moxifloxacin, norfloxacin and
ofloxacin). Systemic exposure to amoxicillin was considered
alone or combined with beta-lactamase inhibitor (ATC codes
JO1CA04 and JO1CRO02). In France, systemic antibiotics are
not available over-the-counter and their dispensing always
leads to reimbursement. Therefore, antibiotic use during the
studied periods of interest (risk/reference) was determined
based on reimbursements information. Patients were consid-
ered exposed if they have been reimbursed for at least one
dispensing of an antibiotic during the specified period, and
the day of drug dispensing was used as a proxy for drug initi-
ation. Therefore, a treatment contributed only to the period
where it started.

Study populations

Eligible participants were adult patients aged 18 and over
admitted through emergency wards with spontaneous pneumo-
thorax as their primary diagnosis (outcome) between 1 January
2017 and 31 December 2022 (index date). Since spontaneous

pneumothorax is likely to recur within 1 year, patients with a
history of pneumothorax (spontaneous or traumatic) within
the year prior to the index date were excluded from the study
population to focus on new episodes. Additionally, patients with
a history of cystic fibrosis, tuberculosis or lung transplantation
during the 5-year period before the index date were excluded
because of potential confounding. Patients with a history of
cancer were also excluded since lung and pleural cancers, as well
as, surgical and radiotherapy procedures performed in oncology,
pulmonary metastases and some antineoplastics may enhance the
risk of pneumothorax. Finally, due to the lack of information on
in-hospital antibiotic exposure in the database, patients hospi-
talised in the 180-day period before the index date (namely, the
‘observation period’) were excluded from the study.

In the main analysis, since patients could be exposed to both
antibiotic classes, two mutually exclusive populations were iden-
tified based on antibiotic exposure: for the fluoroquinolone
study population, eligible participants had at least one fluoro-
quinolone dispensing and no amoxicillin dispensing during the
observation period; conversely, for the amoxicillin study popula-
tion, eligible participants had at least one amoxicillin dispensing
and no fluoroquinolone dispensing. Concerning patients who
had more than one pneumothorax-related hospital admission
during the study period, only the first occurrence of the outcome
was analysed.

By agreement of the French Data Protection Supervisory
Authority (CNIL), neither ethics committee approval nor
informed consent was required for this observational study
based on anonymised French medicoadministrative databases.

Statistical analysis

Descriptive analyses were performed to characterise cases
and time-trend controls at baseline. Data for qualitative vari-
ables are presented as number and proportion of patients
in each group, and continuous variables as median and
IQR, mean and SD. As indications for prescribing are not

Bénard-Laribiére A, et al. Thorax 2024;0:1-8. doi:10.1136/thorax-2024-221779

3

"yBuAdoo Aq paloalold 1sanb Aq 20z ‘v Jaquiadag uo /wod g xeloyy/:dny wolj papeojumoqd +20z 18qo1o0 TT U0 6./2T22-1202-XeIoyyosTT 0T Se paysignd 1sii) :xeloy L


https://dx.doi.org/10.1136/thorax-2024-221779
http://thorax.bmj.com/

Respiratory infection

available on the database, infection site was deduced from
medical diagnosis codes, lab tests and medical procedures
(online supplemental eTable 2).

We used a conditional logistic model to estimate OR and 95%
CIs for both pneumothorax cases and time-trend controls.*
Age and comorbidities were considered fixed during the short
observation period (180 days prior to the index date). Time-
varying confounders, such as drugs that enhance the risk of
pneumothorax (online supplemental eTable 3), were adjusted
for in the model; an individual was considered exposed when a
reimbursement for these drugs occurred during risk or reference
periods. Case-crossover analyses compared exposure frequen-
cies between the risk period and three reference periods within
each pneumothorax case, and within each time-trend control.
The case-time—control OR corresponded to the ratio of the
respective case-crossover ORs obtained in cases and time-trend
controls; it theoretically yields an unbiased estimate of the asso-
ciation between antibiotic use (fluoroquinolones or amoxicillin)
and spontaneous pneumothorax accounting for time-trends in
antibiotic exposure.

Additionally, we performed a secondary analysis that was not
restricted to mutually exclusive populations: all patients exposed

to fluoroquinolones and/or amoxicillin in the 180-day period
before the index date was included. The analysis yielded OR
for the association between spontaneous pneumothorax and
fluoroquinolones, adjusted for amoxicillin exposure using an
effect modifier approach.”® This allowed considering patients
who could have been exposed to both fluoroquinolones and
amoxicillin, a situation that could not be investigated from the
main analysis. A further subgroup analysis considering sepa-
rately primary pneumothorax and secondary pneumothorax was
performed.

Data were analysed using SAS Enterprise Guide statistical soft-
ware (SAS Institute, V.9.4, North Carolina).

RESULTS

From 2017 to 2022, there were 33329 emergency hospital
admissions for spontaneous pneumothorax as primary diag-
nosis among 28 077 adults aged =18 years covered by the major
health insurance scheme (online supplemental eFigure 1). Of
these, 23428 pneumothorax cases met the eligibility criteria,
corresponding to 22423 patients. A total of 3684 patients
were found to have been exposed to fluoroquinolones and/or

primary diagnosis (index date, day 0) from 2017 to 2022
(emergency admissions only) (28,077 patients)

33,329 Cases of adults admitted for spontaneous pneumothorax as ]

5,236 Excluded (prior spontaneous pneumothorax in year
before day 0)

487 Excluded (prior traumatic pneumatherax in year before
day 0)

3,536 Excluded (medical history in 5-year period before day 0) ]

3,418 Cancer
92 Tuberculosis
52 Cystic fibrosis
3 Lung transplantation

7,229 Excluded (history of hospital admission in cbservation
period, days -180 to -1)

(22,423 patients)

[ 23,428 Eligible cases of spontaneous pneumothorax admissions ]

l

in observation period, days -180 to -1 (3,684 patients)

[ 3,726 At least one reimbursement for fluoroquinolone or amoxicillin ]

1

[ oo |

[ SECONDARY ANALYSIS ]

115 Excluded (both reimbursement for fluroquinolone 42 Excluded (multiple cases)
and amoxicillin)

! I

3,684 Study population of flucrogquinolones and/or
amoxicillin users

[ 258 Cases with fluoroquinolone menotharapy

(258 patients) (3,320 patients)

[ 3,353 Cases with amoxicillin monotherapy

—.‘ 0 Excluded (multiple cases)

—P[ 33 Excluded (multiple cases)

[ 258 First pneumothorax occurrence (258 patients) ]

—D‘ 12 No matched time-trend control

[ 3,320 First pneumothorax occurrence (3,320 patients) ]

—OI 4 No matched time-trend control

[ 246 Study population of fluoroquinolone users ]

[ 3,316 Study population of amoxicillin users ]

Figure 2 Flowchart of eligible participants included in study populations (main and secondary analyses).
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Table 1
their time-trend controls

Main analysis: descriptive characteristics of matched pneumothorax cases, exposed to fluoroquinolones or amoxicillin monotherapy and

Fluoroquinolones users*

Amoxicillin users*

Cases Controls Cases Controls
N=246 N=1846 N=3316 N=32494
Male 157 (63.8) 1170 (63.4) 2419 (72.9) 23912 (73.6)
Age, mean (SD), years 43.0 (18.4) 37.3(15.2) 39.4(17.6) 38.9(17.1)
Age groups, years
<35 103 (41.9) 978 (53.0) 1676 (50.5) 16760 (51.6)
35-54 78 (31.7) 600 (32.5) 982 (29.6) 9575 (29.5)
>55 65 (26.4) 268 (14.5) 658 (19.8) 6159 (18.9)
Season
Winter 65 (26.4) 519 (28.1) 924 (27.9) 9030 (27.8)
Spring 69 (28.0) 522 (28.3) 900 (27.1) 8848 (27.2)
Summer 54 (21.9) 410 (22.2) 716 (21.6) 7004 (21.5)
Autumn 58 (23.6) 395 (21.4) 776 (23.4) 7612 (23.4)
Index year
2017 58 (23.6) 518 (28.1) 546 (16.5) 5388 (16.6)
2018 51 (20.7) 377 (20.4) 627 (18.9) 6119 (18.8)
2019 43 (17.5) 312 (16.9) 626 (18.9) 6190 (19.0)
2020 32(13.0) 243 (13.2) 521 (15.7) 5105 (15.7)
2021 26 (10.6) 179 (9.7) 450 (13.6) 4367 (13.4)
2022 36 (14.6) 217 (11.8) 546 (16.5) 5325 (16.4)
History of pneumothoraxt 26 (10.6) 618 (33.5) 326 (9.8) 14147 (43.5)
Tobacco addiction treatment 55 (22.4) 417 (22.6) 622 (18.8) 9677 (29.8)
Pneumothorax type
Primary 167 (67.9) 1502 (81.4) 2349 (70.8) 24868 (76.5)
Secondary 79 (32.1) 344 (18.6) 967 (29.2) 7626 (23.5)
Risk factors for secondary pneumothorax+
Airway diseases 75 (30.5) 320(17.3) 918 (27.7) 7203 (22.2)
History of specific infectious lung diseases§ 0 (0.0) 1(0.1) 3(0.1) 6 (0.0)
Interstitial lung diseases 5(2.0) 19(1.0) 50 (1.5) 413 (1.3)
Connective-tissue diseases 2(0.8) 28(1.5) 35(1.1) 375(1.2)
Thoracic endometriosis 1(0.4) 4(0.2) 8(0.2) 38(0.1)
Infection site
Respiratory tract 32 (13.0) 55 (3.0) 516 (15.6) 2406 (7.4)
Urinary tract 31(12.6) 282 (15.3) 99 (3.0) 1032 3.2)
Other identified site 7(2.9) 1(0.1) 60 (1.8) 4(0.0)
Unidentified site 180 (73.2) 1519 (82.3) 2663 (80.3) 29225 (89.9)

*Cases and time-trend controls were matched by sex, age and COPD history. Patient characteristics for matching variables differed between cases and their controls in both
groups, depending on the number of controls assigned per case, which could range up to 10, but not necessarily.

tHistory of spontaneous, or traumatic, pneumothorax identified within 1-5 years prior to the index date.

1Risk factors identified either in the same spontaneous pneumothorax hospital record or within 5 years prior to the index date.

§Includes Pneumocystis carinii pneumonia and necrotising pneumonias.

amoxicillin during the 180-day observation period before the
pneumothorax (median age, 35 years (IQR, 26-50); 71.7%
men). Finally, the main analysis was restricted to patients who
had only one antibiotic during the observation period, and
only the first occurrence of pneumothorax was analysed: 258
patients received fluoroquinolone monotherapy, of whom 246
were matched to at least one time-trend control and included
(median age, 37 years (28-55); 63.8% men). Among the 3320
patients receiving amoxicillin monotherapy, 3316 matched cases

were considered (median age, 34 years (26-49); 72.9% men)
(figure 2).

Additional characteristics of the study populations are
summarised in table 1. In seven out of 10 cases, the pneumothorax
was idiopathic, with airway diseases, including COPD and other
COPDs, being the most frequent risk factor for secondary pneu-
mothorax. Fluoroquinolone cases, compared with amoxicillin
cases, were typically older, more often women, and received
greater medical support for tobacco dependence. Infection site
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Table 2 Results of the main analysis

Antibiotic use

Number of people Risk period Reference period* Adjusted OR (95% Cl)

Fluoroguinolone

CCO cases 246 63 128 1.45 (1.06 to 1.97)

CCO controls 1846 323 1005 0.91 (0.80 to 1.03)

CTC ratio 1.59 (1.14 10 2.22)
Amoxicillin

CCO cases 3316 1210 1603 2.32 (21410 2.51)

CCO controls 32494 6562 17739 1.03 (1.00 to 1.06)

CTC ratio 2.25(2.07 to 2.45)

Adjusted ORs for the risk of pneumothorax according to fluoroquinolones and amoxicillin use.

*Patients who received antibiotics in at least one reference period.
CCO, case-crossover; CTC, case—time—control.

was not identifiable from the database in most patients. In the
minority with identified site, respiratory tract infections had a
somewhat similar frequency for both groups (fluoroquinolones
13.0%; amoxicillin 15.6%), while urinary tract infections were
more frequent among fluoroquinolone users (12.6%) compared
with amoxicillin users (3.0%).

Of the 246cases exposed to fluoroquinolones, 63 were
exposed in the risk period (days —30 to —1 before pneumo-
thorax) and 128 in at least one reference period (days —180 to
—-151, =150 to —121, —120 to —91 before pneumothorax).
Of the 3316 cases exposed to amoxicillin, 1210 were exposed
in the risk period and 1603 in at least one reference period. OR
adjusted for exposure-trend and covariates was 1.59 (95% CI
1.14 to 2.22) for fluoroquinolones and 2.25 (2.07 to 2.45) for
amoxicillin (table 2).

ORs were adjusted for drugs that enhance the risk of spon-
taneous pneumothorax (online supplemental eTable 3). These
drugs are primarily antineoplastic agents. Due to the exclu-
sion of patients with a history of cancer from the study popu-
lation, exposures to drugs at increased risk for pneumothorax
were scarce in the observation period. Consequently, crude and
adjusted ORs were found to be identical and crude OR are not
presented.

The secondary analysis included 3684 patients exposed to
fluoroquinolones and/or amoxicillin during the 180-day obser-
vation period before the pneumothorax (figure 1): 257 (7.0%)
had fluoroquinolone monotherapy, 3315 (90%) amoxicillin
monotherapy and 112 (3.0%) received both antibiotics during
the observation period. The OR estimate, based on interaction
terms, for the association between spontaneous pneumothorax
and fluoroquinolones adjusted for amoxicillin exposure was
0.70 (0.54 to 0.91). A further subgroup analysis considering
separately primary pneumothorax and secondary pneumo-
thorax provided exactly similar results whatever the outcome
type (online supplemental eTable 4).

DISCUSSION

We identified an association between fluoroquinolone use and
spontaneous pneumothorax. To mitigate confounding by indi-
cation, we conducted a similar investigation using amoxicillin
as an active comparator with a comparable indication profile.
This showed a higher association with amoxicillin, which theo-
retically does not present a pathophysiological rationale for such
an adverse effect, and especially does not share the connective
tissue toxicity induced by fluoroquinolones. Consequently, we

believe that confounding by indication is the more plausible
explanation for the association found. These would, therefore,
result from the predisposing effect of infections requiring anti-
biotic prescriptions on the occurrence of pneumothorax, rather
than from a causal effect of both fluoroquinolones and amoxi-
cillin. This hypothesis is supported by the higher frequency of
prescriptions for respiratory infections identified for cases than
for time-controls for both antibiotics (even though most of the
indications were unknown).

One major strength of our study is the utilisation of the SNDS,
a nationwide database, which provides comprehensive coverage
of the French population and exhaustive recording of both all
outpatients dispensing reimbursements and all hospitalisation
stays. The recorded cases indeed reflect the known epidemio-
logical predominance of the disease in men. The choice to study
outcomes through emergency admissions can also be considered
as a strength as it avoids the time lag between admission and
hospital diagnosis of spontaneous pneumothorax. During this
time interval indeed, pneumothorax could have been caused by
in-hospital drug exposure or medical procedures not recorded
in the database. Another strength of the study lies in the utili-
sation of a self-controlled design, which allows patients to act
as their own controls and takes into account all the time-fixed
potential confounders that are not registered in medicoadmin-
istrative databases, such as genetic connective-tissue diseases or
tobacco smoking habits, both of which are strongly associated
with the occurrence of pneumothorax.®® Moreover, we used
the case-time—control design developed to address exposure-
trend bias. In our study, such a bias relating to a time-trend in
exposure could have arisen, especially considering the decline
in fluoroquinolone use over the study period due to restrictive
measures to promote their correct use’” *!' 32 (a 449 decrease
in outpatient fluoroquinolones prescriptions in 2019 compared
with 2000),%” and a seasonal trend associated with the recrudes-
cence of respiratory infections in winter. There was, however,
limited evidence of such trend in the present study. Finally, we
used an active comparator to further mitigate potential within-
person confounding in the case—time—control design. However,
residual confounding may still exist due to transient risk factors
for pneumothorax, such as COPD exacerbations and respiratory
infections as well as the severity of those infections.” ** These
medical conditions often vary over time and are not inherently
adjusted for by the self-controlled design. We selected amoxi-
cillin as a comparator because of its similar indication profile
and the lack of a mechanistic hypothesis for an increased risk of
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pneumothorax. Our results confirm the need for the use of an
active comparator in this study, for which confounding by indi-
cation was suspected, to avoid incorrectly concluding to a poten-
tial causal association with fluoroquinolones.”® ** Indeed, the
stronger association for amoxicillin, consistently found in the
secondary analysis, suggests that its use in medical situations that
increase the risk of spontaneous pneumothorax could be higher
than that of fluoroquinolones; this appears logical, given the
first-line ranking of amoxicillin in the prescription guidelines.

Limitations

Several limitations should be acknowledged. First, the study
relies on medicoadministrative data that lack medical informa-
tion and indication for prescribing. Consequently, identifying
infection site or seriousness was challenging, hampering the
conduct of subgroup analyses. Second, the study focused on
the more severe spontaneous pneumothorax that is, exclusively
those managed in hospitals, limiting the generalisability of the
results. We could not do otherwise, as patients who may have
been managed conservatively (no intervention) without admis-
sion cannot be identified in the database. However, ambulatory
management of spontaneous pneumothorax is uncommon in
France, mainly because the set-up of a dedicated outpatient care
system for this condition is currently limited.’® Finally, as the
influence of a time-trend bias appeared very limited for fluo-
roquinolones and null for amoxicillin, we preferred to adopt a
case-crossover approach for the secondary analysis, which could
have resulted in a mild underestimation of the association for
fluoroquinolones. However, as the association found was much
lower than that evidenced for amoxicillin in this analysis, we do
not believe that this might have led to ignoring a potential causal
increase in the risk of spontaneous pneumothorax induced by
fluoroquinolones.

An increased risk of spontaneous pneumothorax was asso-
ciated with both fluoroquinolone and amoxicillin use, but the
association with amoxicillin exceeded that found with fluoro-
quinolones. As this strongly suggests the role of the underlying
infections rather than a direct causal effect of the individual
antibiotics, these results are reassuring regarding a potential
lung connective-toxicity of fluoroquinolones. These results also
highlight the need to use an active comparator in self-controlled
designs when confounding by indication appears possible.
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