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Abstract
Introduction Concerns of the persistence and severity of the adverse effects of fluoroquinolones, mainly involving the 
nervous system, muscles and joints, resulted in the 2018 referral procedure led by the European Medicines Agency (EMA). 
They advised to stop prescribing fluoroquinolones for infections of mild severity or of a presumed self-limiting course and 
for prevention of infections, plus to restrict prescriptions in cases of milder infections where other treatment options are 
available, and restrict in at-risk populations. We aimed to examine whether the impact of EMA regulatory interventions 
implemented throughout 2018–2019 had an impact on fluoroquinolone prescribing rates.
Methods A retrospective population-based cohort study was conducted using electronic health care records from six Euro-
pean countries between 2016 and 2021. We analysed monthly incident fluoroquinolone use rates overall and for each fluo-
roquinolone active substance through flexible modelling via segmented regression to detect time points of trend changes, 
in monthly percentage change (MPC).
Results The incidence of fluoroquinolone use ranged from 0.7 to 8.0/1000 persons per month over all calendar years. While 
changes in fluoroquinolone prescriptions were observed over time across countries, these were inconsistent and did not seem 
to be temporally related to EMA interventions (e.g., Belgium: February/May 2018, MPC − 33.3%, 95% confidence interval 
[CI] − 35.9 to − 30.7; Germany: February/May 2019, MPC − 12.6%, 95% CI − 13.7 to − 11.6]; UK: January/April 2016, 
MPC − 4.9%, 95% CI − 6.2 to − 3.6).
Conclusion The regulatory action associated with the 2018 referral did not seem to have relevant effects on fluoroquinolone 
prescribing in primary care.

Key Points 

The impact of European Medicines Agency (EMA) 
regulatory interventions to reduce fluoroquinolone use in 
2018–2019 is unknown.

In six countries, the regulatory action did not seem to 
have relevant effects on fluoroquinolone prescribing in 
primary care.
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1 Introduction

Fluoroquinolones are broad spectrum antimicrobials used in 
managing various bacterial infections [1, 2]. Over the last 
decade, it has become increasingly clear that use of fluoro-
quinolones is associated with increased risk of serious and 
disabling adverse events. These events, mainly involving 
tendons, muscles and the nervous system, can be long-last-
ing and sometimes irreversible [3–5]. Additionally, the risk 
of adverse events seemed to be dose-dependent and modi-
fied by co-medication such as corticosteroids [3, 6]. Due to 
the concerns about serious harm to patients, the European 
Medicines Agency (EMA) conducted a pharmacovigilance 
referral procedure that re-assessed adverse drug reactions 
and the benefit-risk balance of fluoroquinolones for systemic 
and inhalation use [7]. In November 2018, the EMA con-
firmed the presence and severity of fluoroquinolone-induced 
adverse events, and that risks clearly exceeded benefits for 
some indications and a subset of users at increased risk for 
adverse events. Consequently, the EMA advised to stop 
prescribing fluoroquinolones for infections of mild sever-
ity or of a presumed self-limiting course and for prevention 
of infections, and to restrict prescriptions in case of milder 
infections where other treatment options are available and 
in at-risk populations [7]; no restriction of fluroquinolones 
use was issued for elderly patients. Revised indications, 
warnings, and other measures such as direct healthcare pro-
fessional communications (DHPCs) were implemented in 
European Union (EU) member states [2]. Although these 
national communications might differ across EU countries, 
it could involve media campaigns and professional societies 
and medical associations directly reaching physicians and 
healthcare organisations.

This drug utilisation study (DUS) commissioned by the 
EMA aimed to describe fluoroquinolone prescriptions in the 
EU and determine the potential impact of regulatory interven-
tions taken to reduce the use of fluoroquinolones. It focuses 
on the primary care setting, where prescriptions of fluoroqui-
nolone may be most common, while the severity of infections 
may be relatively low compared with the potential harm. The 
objectives are to determine patterns over time for (1) monthly 
incident fluoroquinolone prescriptions, both overall and strati-
fied by on-label and off-label, and determine early discon-
tinuation of a prescription; (2) prescriber’s compliance with 
revised product warnings for use in patients at increased risk 
of harm; and (3) monthly incident prescription rates for alter-
native antibiotics prescribed in patients where fluoroquinolo-
nes have previously been prescribed or discontinued.

2  Methods

2.1  Study Setting and Design

We conducted a retrospective population-based cohort 
study with a time series regression model to identify the 
potential impact of regulatory interventions on prescribing 
trends of fluoroquinolones in the EU. Electronic healthcare 
records were used from primary care databases across six 
European countries where fluoroquinolones were mar-
keted: Longitudinal Patient Database (LPD) Belgium 
(Belgium), LPD France (France), Disease Analyser Ger-
many (Germany), Integrated Primary Care Information 
(The Netherlands), SIDIAP (Catalonia Spain) and IQVIA 
Medical Research Data (UK). The study focused on pri-
mary care databases. However, Germany has no manda-
tory general practice (GP) system and patients have free 
choice of specialist. As a result, data were collected from 
visits to GP and specialists such as otolaryngology, der-
matology or obstetrics/gynaecology (see further details in 
Table S2 of the electronic supplementary material (ESM). 
Data from all these databases have independently adopted 
the Observational Medical Outcomes Partnership (OMOP) 
Common Data Model (CDM) to allow harmonisation 
of their data with others. The CDM combined with its 
standardised content, ensures that research methods can 
be systematically applied to any data partner to analyse 
results across cohorts. The OMOP CDM is developed and 
maintained by the Observational Health Data Sciences 
and Informatics (OHDSI) initiative, described in detail 
at https:// ohdsi. github. io/ Commo nData Model/ and in The 
Book of OHDSI: http:// book. ohdsi. org. Further details on 
data sources can be found in the study protocol (EU PAS 
Register, identifier EUPAS37856). This study is registered 
at the European Network of Centres for Pharmacoepide-
miology and Pharmacovigilance (ENCEPP).

From the abovementioned databases, we considered 
data from 1 January 2016 until the latest available data 
cut-off, as shown in ESM Table S1. An additional cen-
soring rule was applied to exclude the last 6 months of 
records within each database (see ESM Table S1 for fur-
ther details on the observation period). Active individu-
als were defined as persons contributing for more than 12 
months in each of the databases. Cohort entry was defined 
as the latest of the study start date or at the end date of 
the 12 months of registration with the healthcare practice. 
Cohort exit was defined by the earliest of the following cri-
teria: date of patient death, date of patient exit (deregister) 
from a contributing data provider (GP) when available, last 
consultation date, date that a contributing provider exited 
the data source (last collection date), or end of the study 
period (latest data cut-off) (ESM Table S1).

https://ohdsi.github.io/CommonDataModel/
http://book.ohdsi.org
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2.2  Study Population

We included as the study population all persons with non-
missing data on age and sex, and continuous enrolment 
in each of the aforementioned databases for more than 12 
months. Categories of subpopulations of interest were inves-
tigated and defined by age group, sex, active fluoroquinolone 
substance, indication of use, on- and off-label use and coun-
try. For each objective, applied subgroups were predefined 
in the protocol (EUPAS37856). Furthermore, exposure of 
interest, risk groups of interest (at-risk of tendinitis and ten-
don rupture, at-risk of aortic dissection and aneurysm and 
concomitant or recent systemic corticosteroid exposure) and 
alternative antibiotics exposure were derived from the data 
sources and analysed in the study population. More details 
about the subpopulations and risk groups of interest are pre-
sented in the Methods section of the ESM.

2.3  Exposure of Interest

From the study population, we identified prescriptions of 
fluoroquinolones and defined those as our exposed cohort. 

The native drug coding structure for each country was 
derived from prescriptions issued within the primary care 
setting and standardised to RxNorm concepts, which contains 
details of ingredients, strengths and formulation at clinical 
drug level. Rules applied before standardisation to RxNorm 
concepts across databases are presented in ESM Fig. S1. The 
episodes of each prescription were obtained by subtracting 
the drug exposure start date from the drug exposure end date. 
A gap of more than 30 days between prescriptions signalled 
the end of the treatment episode [8], potentially including 
multiple prescriptions (Fig. 1). Incident fluoroquinolone use 
was defined as a recorded prescription of fluoroquinolone 
in patients without any fluoroquinolone use in the previous 
30 days, irrespective of indication, calculated at substance 
level. The exposed cohort was further stratified by the fol-
lowing fluoroquinolone active substances of interest: cipro-
floxacin, levofloxacin, lomefloxacin, ofloxacin, moxifloxa-
cin and norfloxacin. Lomefloxacin was only used in France, 
while norfloxacin was used in all countries studied; however, 
norfloxacin use was ≤ 5 in any month in the UK. Therefore, 
masking rules was applied as appropriate. Although stratifi-
cation by route of administration (systemic or inhaled) was 

Fig. 1  Schematic depiction ascertainment of treatment episodes. A 
gap of more than 30 days between prescriptions signalled the end 
of the treatment episode (Case A). If the interval between fluoroqui-
nolone prescriptions was ≤ 30 days (Case B), these will be considered 
the same treatment episode and attributed to the first fluoroquinolone 
type prescribed (drug A in this case). As the choice of 30 days was 
somewhat arbitrary, sensitivity analysis was conducted by varying 

the look-back window to 60, 90 and 180  days. The exact period to 
determine an incident prescription depends on the average duration 
of treatment, and the average fluoroquinolone treatment duration 
depends on the indication. Durations may vary from 3 days for acute 
uncomplicated cystitis, up to 4–6 weeks for osteomyelitis; on average, 
treatment duration is between 7 and 14 days
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planned, records of other than ‘systemic’ or ‘unknown’ routes 
were not available in the data sources.

2.4  Statistical Analysis

All results are presented separately per country. Age was 
assessed at the start of each calendar year, and sex was 
regarded as a fixed covariate throughout the study period.

We described monthly incident fluoroquinolone use by 
calculating the number of incident users per 1000 persons 
per month: (i) = Incident new fluoroquinolone users in the month

Total active population in the month
× 1000 . 

The denominator consisted of the persons contributing at 
least 1 day of follow-up time in that calendar month, with-
out incident use in the previous calendar month. One indi-
vidual could have multiple incident fluoroquinolone pre-
scriptions. Since calculations for the number of persons was 
taken monthly and were summed to the population level, it 
was not necessary to calculate the attributed person-time as 
any deviations would be minimal. Monthly incident fluoro-
quinolone prescription rates were presented overall and 
stratified for age (< 18, 18–75 and > 75 years), sex (male/
female), fluoroquinolone active substance type, treatment 
duration (six different strata from short duration [0–6 days] 
to very long duration [≥ 28 days]), line of treatment (first, 
second or third), indication and on- versus off-label use. 
Specific algorithms were used to first identify indications 
for which fluoroquinolones were used, and second, deter-
mine on- and off-label classification based on information 
from the summary of product characteristics (SmPC), the 
article 31 referral plus the UK and Dutch treatment pre-
scribing guidelines [2, 9, 10]. These were used in combina-
tion to classify fluoroquinolone indications at a class level 
as on- or off-label. For instance, acute bronchitis or phar-
yngitis are restricted or removed based on the fluoroqui-
nolone SmPCs and article 31, and were subsequently clas-
sified as off-label. Another off-label classification example 
is when indication is not recommended as first- or second-
line treatments (e.g., pneumonia due to gram-negative). 
More details and examples on these algorithms are pre-
sented in the Methods section of the ESM (ESM Fig. S3). 
For analyses stratified by indication, we did not further dif-
ferentiate between on- or off-label use. Use in at-risk per-
sons was reported per 1000 persons per month, whereas 
early discontinuation and use of alternative antibiotics were 
expressed per 1000 monthly incident fluoroquinolone pre-
scriptions that month.

We further analysed monthly incident fluoroquinolone 
prescription rate overall and for each fluoroquinolone active 
substance separately through flexible modelling via seg-
mented regression to detect time points of trend changes. 
The approach was used with no prespecified breakpoints 

but a maximum number of 20. The best model was selected 
according to the Bayesian Information Criterion (BIC) 
implemented using the selgmented command in R software. 
Data counts were modelled by a Poisson model on the log-
linear scale, with calendar month as an independent variable 
and monthly incidence rate as a dependent variable. In addi-
tion, the age-standardised rate of incident fluoroquinolone 
prescription (standardised to European Standard Popula-
tion 20131 [11]; see ESM Table S2), was also modelled, 
but using a segmented linear regression. Age-standardised 
rates were not modelled for individual fluoroquinolones. The 
final model was described by the time periods where a trend 
change was detected and the corresponding monthly percent-
age change (MPC) (or coefficient for age-standardised linear 
model) for each segmented block of time with 95% confi-
dence intervals (CIs). Seasonality has not been tested in the 
data, but the segmented model allows for seasonal variations 
if they are identified by changes in the slope of the model. 
The final model predicted moments of change in trend and 
was described in relation to country-specific calendar times 
(Table 1) during which the regulatory actions based on the 
Referral under Article 31 of Directive 2001/83/EC [2] were 
implemented:

• Restrictions of prescriptions for infections of mild sever-
ity or of presumed self-limiting course, as defined in sec-
tion 4.1 of the SmPC of all antimicrobials falling under 
the fluoroquinolone group with market authorisation per 
country (hereafter: SmPC).

• Warnings and precautions of use in section 4.4 of the 
SmPC on tendinitis and tendon rupture, aortic dissection 
and aneurysm, and in patients with concomitant use of 
corticosteroids.

• DHPC sent to healthcare professionals to increase aware-
ness on the long-term, persistent, potentially irreversible 
adverse events and the associated changes to the SmPC. 
These communications were disseminated nationally 
through direct communication to healthcare profession-
als, and media campaigns if considered appropriate by 
National Competent Authorities (NCAs).

1 The age-standardised monthly usage rate was calculated as a 
weighted sum of the age-specific incident rates each month. The 
European Standard Population 2013 was used as the standard popu-
lation for all time points and countries. Each age-specific rate was 
multiplied by the associated weight and summed to give the total age-
standardised rate per month. For example, the age band 50–59 years 
was associated with 0.135.
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3  Results

The study population included between 16 and 21 million 
patients each month during the study period (2016–2021) 
[ESM Table S3].

The incidence of fluoroquinolone prescriptions across 
countries ranged from 0.7/1000 persons per month (UK) 
to 8.0/1000 persons per month (Spain) during follow-up. 
Prescriptions were highest in persons aged > 75 years of 
age in all countries (ESM Fig. S6). Indications for fluo-
roquinolone prescriptions could often not be classified; 
unknown indications ranged between 31 and 94.0% across 
countries (ESM Table S8). For the minority of persons 
in which the indication could be classified, respiratory 
tract infections, urinary tract infections (uncomplicated) 
and ear infections were the most frequent indications. For 
respiratory tract infections, we observed clear seasonal 
variations in Belgium, Germany, and Spain. These varia-
tions suddenly dropped from May 2018 in Belgium (ESM 
Fig. S7). Additional stratifications, including on- and off-
label, are shown in ESM Figs. S13–S18.

Other indicators of changes in prescribing behaviour 
by healthcare professionals, such as early discontinuation 
or prescription rates for alternative antibiotics (prescribed 
in patients where systemic use of fluoroquinolones has 
been previously used), or for at-risk groups showed no 
changes after the regulatory interventions across coun-
tries (ESM Figs. S19–S25). Sensitivity analyses varying 
the time period to classify incident fluoroquinolone use 
and indications did not meaningfully change the rate of 
fluoroquinolone use (ESM Tables S5 and S6). Similarly, 
restricting the look-back period for assessing at-risk 
groups did not substantially change the number of at-risk 
fluoroquinolone users detected (ESM Table S7).

3.1  Segmented Point Regression of Overall 
Fluoroquinolone Prescriptions

In Belgium, seasonal patterns were observed, with peaks 
every year in January/February and lowest levels in June/
July. There was a large drop in prescriptions around Febru-
ary/May 2018 (MPC − 33.3%, 95% CI − 35.9 to − 30.7), 
after which seasonal fluctuations continued at a lower level 
(Fig. 2 and Table 2). In France, prescription rates, on aver-
age, slightly decreased over time throughout follow-up with 
similar fluctuations per year (Fig. 3 and Table 3). In Ger-
many, seasonal patterns were not pronounced although rates 
seemed higher in winter and lower in summer. A sharper 
decrease in prescriptions was seen from February to May 
2019 (MPC − 12.6%, 95% CI − 13.7 to − 11.6) and prescrip-
tion rates fluctuated at a lower level after this (Fig. 4 and 
Table 4). In the Netherlands, a drop in prescriptions was 
seen around December 2019 (MPC − 6.5%, 95% CI − 9.4 
to − 3.4), followed by an increase around April 2020 (MPC 
9.3%, 95% CI 7.2–11.4) and another decrease from August 
2020 (MPC − 5.0%, 95% CI − 6.7 to − 3.2) [Fig. 5 and 
Table 5]. In Spain, after an initial drop in prescriptions in 
the first 3 months of 2016, there was a gradual increase over 
the first 20 months (MPC 0.4%, 95% CI 0.4–0.5) followed 
by a gradual drop from around December 2017 to June 2019 
(MPC − 0.7%, 95% CI − 0.7 to − 0.6) and a steeper decrease 
thereafter (MPC − 2.3%, 95% CI − 2.3 to − 2.2) [Fig. 6 and 
Table 6]. In the UK, there was a drop in the first 3.5 months 
of the study follow-up (MPC − 4.9%, 95% CI − 6.2 to − 3.6) 
followed by steady rates showing seasonal variation, with 
peaks in winter. From November 2018 onwards, before 
implementation of regulatory interventions, there was a gen-
eral reduction in prescriptions (Fig. 7 and Table 7). The most 
recent prescription rates were about 25% lower than aver-
age rates before the decrease started at around November 

Table 1  Summary of implementation time periods for all fluoroquinolones

These dates were provided by EMA personal communications
DHPC Direct Healthcare Professional Communication, SmPC Summary of Product Characteristics, PI patient information, EMA European 
Medicines Agency

Dates of implementation Country

Belgium France Germany Netherlands Spain UK

DHPC date 1 April 2019 10 April 2019 8 April 2019 9 April 2019 8 April 2019 21 March 2019
SmPC and PI imple-

mentation for all drugs
24 February 

2019 to 17 
April 2020

2 August 2019
2 October 2019
23 December 2019
2 April 2020
7 May 2020
28 May 2020

22 March 2019 
to 11 December 
2019

14 February 2019 
to 30 March 
2020

27 March 2019 
to 2 July 
2020

31 July 2020

25 April 2019 to
23 December 2019
1 April 2020 to
18 May 2020
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2018. Stratifications by substance are shown in ESM Figs. 
S26–S31.

3.2  Segmented Point Regression 
of Age‑Standardised Rates in Overall 
Fluoroquinolone Use

The visualisation and linear regression of age-standardised 
rates, similar to the crude rates, did not show a decrease 
in incident fluroquinolone prescriptions after regulatory 
interventions across countries (Figs. S32–S37). In Bel-
gium, age-standardised rates patterns were similar to crude 
rates. Spanish rates showed a linear pattern over the first 
3 years, followed by a decline from around December 2018 

to December 2020 (MPC − 9.4%, 95% CI − 13.0 to − 5.6). In 
France, Germany, the UK and the Netherlands, linear regres-
sion of age-standardised rates did not identify the changes 
seen in the analysis of the crude rates.

4  Discussion

This retrospective DUS examined the use of fluoroquinolo-
nes through prescriptions in primary care in six countries 
between 2016 and 2021, and explored whether the EMA reg-
ulatory interventions implemented throughout 2018–2019 
had any impact on fluoroquinolone prescribing rates. 
Although we found reductions in prescription rates during 
follow-up, these were not temporally related to the imple-
mentation of regulatory interventions and were inconsistent 
across countries. Other indicators of changes in prescribing 
behaviour, such as early discontinuation or prescriptions of 
alternative antibiotics, were unaffected by regulatory inter-
ventions. Our findings did not support a relevant effect of 
regulatory interventions on fluoroquinolone prescriptions in 
primary care in the studied countries.

The lack of evident changes after interventions could 
indicate that these had, at best, low effectiveness and were 
not detectable in the primary care setting in these countries. 
Our findings were similar to studies performed in the United 
States (US). One US study reported a significant decrease in 
outpatient fluoroquinolone prescribing (by 39% reduction in 
total prescriptions per 1000 patient visits) after a multimodal 
stewardship intervention between 2016 and 2018 [12]. Yet, 
fluoroquinolone use declined before and after a US FDA 
black-box warning on fluoroquinolones in 2016, suggesting 

Fig. 2  Incidence rate of all fluoroquinolone use with segmented 
regression for Belgium. The grey shaded interval represents the 
SmPC implementation period for the fluoroquinolone warnings (24 

February 2019–17 April 2020) and the associated DHPC (1 April 
2019) [blue line]. SmPC summary of product characteristics, DHPC 
direct healthcare professional communication

Table 2  Segmented regression model for all fluoroquinolone usage 
crude rate in Belgium

CI confidence interval, MPC monthly percentage change

Breakpoint 
number

Breakpoint month MPC (%) MPC 95% CI

0 January 2016 − 7.3 − 8.1 − 6.5
1 July 2016 6.8 5.2 8.5
2 January 2016 − 8.6 − 9.6 − 7.5
3 June 2017 7.4 6.6 8.2
4 February 2018 − 33.3 − 35.9 − 30.7
5 May 2018 4.0 3.0 5.0
6 January 2019 − 6.9 − 9.5 − 4.3
7 May 2019 5.3 4.3 6.3
8 January 2020 − 15.7 − 19.5 − 11.9
9 April 2020 9.4 7.6 11.3
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limited impact of regulatory changes [13]. Another US study 
in a large outpatient centre did not find a significant impact 
after the FDA black-box warning on fluoroquinolone pre-
scribing trends between 2013 and 2018 [14]. Our findings 
may also indicate that the timeframe studied was too short 
to allow adequate dissemination of regulatory measures to 
healthcare practices and subsequent prescription rates. A 
systematic review on the effectiveness of UK regulatory risk 
communications assumed a 12-month lag time to evaluate 
the effects of country-wide interventions [15]. Although no 
lag time was implemented in our study, even considering 
that a 6-month follow-up time at study end was excluded, 

we would still have been able to observe any changes in 
fluoroquinolone prescriptions.

Possibly, one may argue that observing a lack of changes 
associated with regulatory interventions suggests that the 
data were somehow not well reflective of clinical practice. 
Yet, study setting and design support that the data reflect GP. 
Moreover, the absolute levels of fluoroquinolone prescrip-
tions, the prescription patterns across countries, age groups, 
and main indications, and the avoidance in risk groups 
aligned well with known country differences and clinical 
guidelines [16–18].

Detection of any effect of regulatory interventions may 
have been obscured by decreases in prescriptions rates 
already occurring before implementation of regulatory inter-
ventions. In the UK, although the decreases started before 
implementation, regression analyses showed a reduction in 
prescriptions that later coincided with SmPC changes and 
DHPCs. Timing of this reduction also corresponded to EMA 
communications regarding fluoroquinolone restrictions (16 
October 2018, Pharmacovigilance Risk Assessment Com-
mittee [PRAC] recommendation; November 2018, Com-
mittee for Medicinal Products for Human Use (CHMP) 
opinion; and March 2019, European Commission Decision) 
[7, 19]. Only a few studies have focused on such country-
level dynamics of prescription rates of fluoroquinolones 
and factors influencing any changes. One study on Ger-
man prescription data from community pharmacies found a 
significant downward trend also starting before the regula-
tory interventions [20]. Overall, decreases could be attrib-
utable to other factors influencing prescription behaviour 

Fig. 3  Incidence rate of all fluoroquinolone use with segmented 
regression for France. The grey shaded interval represents the SmPC 
implementation dates for the fluoroquinolone warnings (2 August 
2019–28 May 2020) and the associated DHPC date (10 April 2019) 
[blue line]. Although several dates were reported for the SmPC 

implementations in France (see Table 1 for the exact dates), the graph 
shows the interval between the first and last dates. SmPC summary 
of product characteristics, DHPC direct healthcare professional com-
munication

Table 3  Segmented regression model for all-fluoroquinolone usage 
crude rate in France

CI confidence interval, MPC monthly percentage change

Breakpoint 
number

Breakpoint month MPC (%) MPC 95% CI

0 January 2016 − 5.1 − 5.5 − 4.7
1 July 2016 10.0 8.9 11.2
2 November 2016 − 5.9 − 6.2 − 5.5
3 July 2017 9.5 8.3 10.7
4 November 2017 − 3.1 − 3.5 − 2.7
5 July 2018 6.5 5.3 7.7
6 November 2018 − 4.0 − 4.4 − 3.6
7 July 2019 7.7 7.0 8.4
8 January 2020 − 13.1 − 14.9 − 11.3
9 April 2020 3.4 3.0 3.7
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such as antibiotic stewardships, or local changes in clinical 
guidance. Nevertheless, in our data, such decreases were 
of modest size, showing, at best, a reduction of prescrip-
tions of around 25% in the UK; if any effect of regulatory 
interventions may have been obscured, the relevance of its 
effect was not supported by our data. Interestingly, in Spain, 
a decrease in prescriptions could be seen in the overall rates 
around March/April 2020, with a small increase in discon-
tinuation rates and alternative antibiotic use rates. Although 
temporally related to the regulatory interventions more than 
1 year earlier, this change coincided with the first wave of 
the coronavirus disease 2019 (COVID-19) pandemic hit-
ting Western Europe. Considering the major changes due 
to the pandemic and the associated population-level inter-
ventions (e.g., dynamics of infectious diseases, or willing-
ness and possibilities of visiting primary care physicians), 

this decrease of fluoroquinolone use and increase in alter-
native antibiotics in Spain was difficult to attribute to the 
regulatory interventions taken for fluoroquinolones. Further 
research may consider examining why, specifically in Spain, 
this time period was associated with drops in prescription 
rates of fluoroquinolones, or possibly overall antimicrobial 
prescriptions, and whether changes observed in Spain may 
have been driven by the COVID-19 pandemic changes. In 
Belgium, an absolute reduction as well as a reduction in 
seasonally fluctuating peaks in prescriptions was found to 
occur no later than the summer of 2018. This sudden drop 
was related to changes in reimbursement criteria of fluoro-
quinolones in Belgium. As of May 2018, fluoroquinolones, 
including ofloxacin, ciprofloxacin, norfloxacin, levofloxacin 
and moxifloxacin, are no longer reimbursed for the treat-
ment of respiratory tract infections or uncomplicated urinary 
tract infections [21]. In the Netherlands, a drop in prescrip-
tion rates in the regression analyses could be observed after 
implementation of regulatory interventions. However, the 
changes were, at best, modest and, for example, not reflected 
as breakpoints when modelling age-adjusted rates.

Several methodological considerations should be men-
tioned. First, we could not determine any potential impact 
of regulatory interventions on prescriptions in secondary 
care, including hospitals. Considering that hospitals include 
a higher density of healthcare professionals and may possess 
more professionalised or matured networks of disseminating 
safety information on medications, the impact of regulatory 
interventions may have been stronger or swifter there. Sec-
ond, unknown indications were ranging from 37.7 to 94.1%. 
This may make our stratified analyses for indication, and 
estimates of ratio on/off-label, vulnerable to selection bias 

Fig. 4  Incidence rate of all fluoroquinolone use with segmented 
regression for Germany. The grey shaded interval represents the 
SmPC implementation period for the fluoroquinolone warnings (22 

March 2019–11 December 2019) and the associated DHPC date (8 
April 2019) [blue line]. SmPC summary of product characteristics, 
DHPC direct healthcare professional communication

Table 4  Segmented regression model for all-fluoroquinolone usage 
crude rate in Germany

CI confidence interval, MPC monthly percentage change

Breakpoint 
number

Breakpoint month MPC (%) MPC 95% CI

0 January 2016 1.3 1.2 1.4
1 February 2017 − 6.0 − 6.7 − 5.4
2 June 2017 4.4 3.9 4.9
3 November 2017 − 0.7 − 0.8 − 0.6
4 February 2019 − 12.7 − 13.7 − 11.6
5 May 2019 4.7 4.5 5.0
6 January 2020 − 13.7 − 15.8 − 11.5
7 March 2020 2.3 2.1 2.6
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and accordingly introduce challenges in interpretation for 
these analyses. Moreover, our study included specific code 
lists and excluded symptom-related codes and general infec-
tion diagnoses codes, which may have led to an underesti-
mation of the known indications in all the databases. Third, 
as data on medicine prescriptions did not equate to actual 
use, the algorithm for determining early discontinuation of 
fluoroquinolones may have underestimated true discontinu-
ation. Vice versa, the early discontinuation proportion may 
have been overestimated due to the definition used (start 

Fig. 5  Incidence rate of all fluoroquinolone use with segmented 
regression for the Netherlands. The grey shaded interval represents 
the SmPC implementation period (14 February 2019–30 March 

2020) for the fluoroquinolone warnings and the associated DHPC 
date (9 April 2019) [blue line]. SmPC summary of product character-
istics, DHPC direct healthcare professional communication

Table 5  Segmented regression model for all-fluoroquinolone usage 
crude rate in the Netherlands

CI confidence interval, MPC monthly percentage change

Breakpoint 
number

Breakpoint month MPC (%) MPC 95% CI

0 January 2016 − 0.05 − 0.10 − 0.01
1 December 2019 − 6.5 − 9.4 − 3.4
2 April 2020 9.3 7.2 11.4
3 August 2020 − 5.0 − 6.7 − 3.2

Fig. 6  Incidence rate of all fluoroquinolone use with segmented 
regression for Spain. The grey shaded interval represents the SmPC 
implementation dates/period for the fluoroquinolone warnings (27 

March 2019–2 July 2020 and 31 July 2020) and the associated DHPC 
date (8 April 2019) [blue line]. SmPC summary of product character-
istics, DHPC direct healthcare professional communication
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of a new antibiotic before finishing the course of fluoro-
quinolone), as switching followed by early discontinuation 
might be actual add-on treatments. Fourth, it was not feasi-
ble to (manually) validate the automatic classification of key 
supporting variables in our retrospective data, e.g., indica-
tions for fluoroquinolone prescriptions, and, subsequently, 
classifications of on- or off-label use. Indications could only 
be indirectly identified using comprehensive code lists to 
classify indications on related data such as comorbidities. 
We could not exclude that missingness of information to 
classify indications may occur more often in persons where 
fluoroquinolone prescriptions truly changed across time. We 
used segmented regression methods to analyse time trends. 
This was a data-driven approach that allowed for seasonal 
trends to be observed if they occurred, but did not explicitly 

test for changes in fluoroquinolone use before and after regu-
latory intervention, or adjust for seasonality. This could be 
explored in further studies.

The strengths of our study included using a large number 
of patients per country, which increases precision to show 
any potential changes of prescriptions across time. Further-
more, use of the OMOP CDM increased comparability of 
results across countries. Lastly, findings seemed generalis-
able to the primary care situation in countries with a similar 
healthcare system where similar regulatory interventions were 
implemented.

Table 6  Segmented regression model for all-fluoroquinolone usage 
crude rate in Spain

CI confidence interval, MPC monthly percentage change

Breakpoint 
number

Breakpoint month MPC (%) MPC 95% CI

0 January 2016 − 4.4 − 4.8 − 3.9
1 May 2016 0.4 0.4 0.5
2 December 2017 − 0.7 − 0.7 − 0.6
3 June 2019 − 2.3 − 2.3 − 2.2

Fig. 7  Incidence rate of all fluoroquinolone use with segmented 
regression for the UK. The grey shaded interval represents the SmPC 
implementation periods for the fluoroquinolone warnings (25 April 
2019–23 December 2019 and 1 April 2020–18 May 2020) and the 

associated DHPC date (21 March 2019) [blue line]. SmPC summary 
of product characteristics, DHPC direct healthcare professional com-
munication

Table 7  Segmented regression model for all-fluoroquinolone usage 
crude rate in the UK

CI confidence interval, MPC monthly percentage change

Breakpoint 
number

Breakpoint month MPC (%) MPC 95% CI

0 January 2016 − 4.9 − 6.2 − 3.6
1 April 2016 1.4 0.8 2.0
2 November 2016 − 3.4 − 7.6 0.9
3 January 2017 0.4 0.1 0.7
4 December 2017 − 1.4 − 2.8 0.1
5 April 2018 1.4 0.8 2.1
6 November 2018 − 5.4 − 6.4 − 4.3
7 April 2019 1.5 0.6 2.4
8 October 2019 − 4.1 − 4.9 − 3.4
9 May 2020 2.3 1.0 3.8
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5  Conclusion

The regulatory actions on reducing fluoroquinolone use asso-
ciated with the 2018 referral was not associated with a sig-
nificant impact on fluoroquinolone prescribing in primary 
care based on our analysis. For future work, researchers may 
consider looking into prescription changes in secondary care, 
potential country-specific changes, or to include longer follow-
up time to evaluate potential lagged effects.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40264- 023- 01286-4.
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