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Abstract

Purpose

Drug-drug interactions (DDIs) requires monitoring in an ageing population with increasing polypharmacy
exposure. We aimed to estimate the prevalence of exposure to potential DDIs using the French healthcare insurance
system database, for six DDIs with various clinical relevance: angiotensin Il receptor blockers or angiotensin-
converting enzyme inhibitors and nonsteroidal anti-inflammatory drugs (ARBs-ACEIs+NSAIDs), antiplatelet
agents and NSAIDs (AAP+NSAIDs), serotonergic drugs and tramadol (SD+T), statins and macrolides (S+M),
oral anticoagulant and NSAIDs (OAC+NSAIDs), colchicine and macrolides (C+M).

Methods

We used exhaustive healthcare data from a 1/97"" random sample of the population covered by the French health
insurance system (EGB) between 2006 and 2016. Exposure to a DDI was defined as overlapping exposure to two
interacting drugs. The prevalence of exposure was estimated by year.

Results

Prevalence of exposure in 2016 was estimated at 3.7% for ARBs-ACEIs+NSAIDs, 1.5% for AAP+NSAIDs,
0.76% for SD+T, 0.36% for S+M, 0.24% for AOC+NSAIDs and 0.02% for C+M. In 26% to 58% of episodes of
exposure, the two interacting drugs were prescribed by the same physician and dispensed by the same pharmacy
the same day. Between 2006 and 2016, the yearly prevalence was increasing for SD+T and for DDIs involving
NSAIDs, and it was decreasing for those involving macrolides.

Conclusion

Exposures to potential DDIs in France are not uncommon with a high proportion resulting from a co-prescription
by the same physician. Monitoring the prevalence of exposure to DDIs is needed to implement prevention

measures. Administrative data enable this surveillance in large and representative cohorts.



Introduction

Drug-drug interactions (DDIs) are a major concern in drug safety, accounting for 5% to 26% of total drug-related
adverse events [1, 2]. Two types of DDIs are described: pharmacodynamics and pharmacokinetics.
Pharmacodynamics DDIs are linked to pharmacological properties of drugs on their target. Pharmacokinetics DDIs
are defined as the modification of a drug on the absorption, distribution, metabolism, and excretion of another
drug. DDIs can lead to an increase or a decrease in drugs activity and result in adverse drug reactions including
lower efficacy or overdose of some drugs. Although most DDIs do not lead to significant clinical consequence
they sometimes cause complications leading to hospitalization or even death [3, 4].

Between 1.2% and 9.3% of the population could be exposed to potential DDIs in outpatient care each year [5-7].
Fluctuations of these estimates mainly depend on the clinical relevance of the DDIs studied and drug interaction
database considered. This risk is higher for people exposed to polypharmacy, including the elderly [6, 7].
Prevalence of exposure to DDI in outpatient care was often estimated for one period, without reporting trends over
time [5-9]. Moreover, studies have often reported results for the most common DDIs [7, 10] without presenting
reusable methods to monitor any targeted DDI.

Administrative health data constitute a valuable resource for conducting pharmacoepidemiological studies, as they
reflect routine healthcare utilization for large and representative populations [11-13]. Moreover, long term follow-
up periods allow the study of temporal trends and the effects of health policies. Administrative databases also offer
the advantage to be readily available and at a relatively low cost.

The aim of this study was to estimate the yearly prevalence of exposure to potential DDIs in France, using data
from a French healthcare insurance system database including 1/97% of the French population (Echantillon
généraliste de bénéficiaires) from 2006 to 2016, for six DDIs with diverse profiles of prevalence, risk and

seriousness of clinical consequences.

Methods

Data source and design

The ‘Echantillon généraliste de Bénéficiaires’ (EGB) is a 1/97th dynamic random sample of the French population
covered by the French healthcare insurance system, corresponding to more than 700 000 individuals. At the
creation in 2005, only the beneficiaries of the main insurance scheme were included (general scheme, covering
76% of the French population). The EGB was progressively enriched by the inclusion of all national insurance
schemes [14]. The EGB constitutes a representative sample of the French population regarding age, gender,

geographical location and healthcare utilization [14]. It contains information on individuals (age, gender) and



health care reimbursement data, including all outpatient healthcare reimbursements by the French healthcare
insurance system. Outpatient reimbursement data cover all drugs prescribed by a healthcare professional,
dispensed by community pharmacies and reimbursed by the healthcare insurance system (over-the-counter drugs
dispenses are not recorded by definition) [12]. Drugs are identified by their CIP code (drug identification number
issued at marketing authorization) with information on the number of units and dosage. For each reimbursed drug,
date of prescribing, date of dispensing and information on the prescriber are available. Drugs were classified

according to the Anatomical Therapeutic and Chemical (ATC) systemic classification.
Study population

This retrospective study was conducted from January 1%t 2006 to December 31" 2016. The study population was
defined by year concerning all individuals included in the EGB, living in France, alive at the 1% of January or born

in the year.
Selection of the studied drug-drug interactions

An expert committee of the French National Agency for Medicines and Health Products Safety (ANSM) has
produced a drug interactions thesaurus [15]. This thesaurus contains pairs of interacting drug substances or classes
associated with clinical relevance using four categories (Contraindicated, Not recommended, Precaution for use,
To be taken into account). We supposed that each DDI involve an “object” drug, the affected drug, often prescribed
for a chronic condition and a “precipitant” drug, the affecting drug, often prescribed for an acute illness [16].

Six DDIs were selected from this thesaurus with various profiles in terms of volume, frequency and potential
seriousness of the adverse reaction resulting from the interaction. The following DDIs were studied: angiotensin
Il receptor blockers or angiotensin-converting enzyme inhibitors + nonsteroidal anti-inflammatory drugs (ARBs-
ACEIs + NSAIDs), antiplatelet agents + NSAIDs (AAP + NSAIDs), oral anticoagulant + NSAIDs (OAC +
NSAIDs), serotonergic drugs + tramadol, statins + macrolides and colchicine + macrolides (Table 1). For each
DDI, we selected the related ATC codes, removing those corresponding to drugs restricted to inpatient use (not
available in the EGB database) (Table S1).

Exposure to potential drug-drug interaction and prevalence estimation

The period of exposure to one drug class (defined according to ATC codes) was assumed to begin from the day of
drug dispensing. The duration of exposure was estimated using the Defined Daily Dose (DDD) and drugs
packaging (number of units per box and unit dosage) [16-18]. When the DDD was not available in the ATC/DDD
Index, it was determined by the authors’ consensus (Table S1). We assumed that patients were exposed to the

dispensed drugs for the entire period.



An episode of exposure to a potential DDI was defined by a continuous period of overlapping exposures of two
interacting drugs over at least one day (concomitant exposure). Among the episodes of exposure to DDIs we
reported the proportion of episodes with co-prescription, i.e where the two interacting drugs were prescribed by
the same physician and dispensed by the same pharmacy the same day [19].

Prevalence of exposure to potential DDIs was estimated by year as the number of individuals (irrespective of their
number of yearly exposures) exposed to a potential DDI divided by the study population. To take into account
possible changes in drug use over time (related to changes in recommendations for example), we studied two other
denominators: (1) individuals with at least one dispensation of one of the object drugs included in the DDI, and
(2) individuals with at least one dispensation of one of the precipitant drugs included in the DDI. Prevalence rates
were also estimated for four age groups (0-19 years (y), 20-44 y, 45-64 y, 65-84 y and > 85 y) within the age

specific subsample. The 95% confidence intervals (95% CI) were estimated using normal approximation.

Ethics

National Institute for Health and Medical Research (INSERM) agreement for the research protocol was given in
2017-11-15. Neither ethics committee authorisation nor request to national commissions for individual data
protection is required according to French law to access this kind of anonymous and restricted access database.
Access to EGB is possible only through a secured connection to a specific server. Data are accessible online, and
are analysed by the software SAS Enterprise Guide version 4.3 (Copyright © 2006 - 2010, SAS Institute Inc.,

Cary, NC, USA).

Results

The study population increased from 504 255 individuals in 2006 (0.80% of the French population) to 694 488 in
2016 (1.05% of the French population).

In 2016, the number of episodes of exposure to the six selected potential DDIs varied from 71 613 for ARBs-
ACEIs + NSAIDs to 175 for colchicine + macrolides, involving from 25 458 to 136 distinct individuals
respectively (Table 2). The proportions of co-prescription (i.e. the two interacting drugs prescribed by the same
physician and dispensed by the same pharmacy the same day) among the episodes of exposure were 58.2% for
serotonergic drugs + tramadol, 42.6% for AAP + NSAIDs, 40.1% for ARBs-ACEIs + NSAIDs, 31.8% for OAC
+ NSAIDs, 30.3% for colchicine + macrolides, and 26.2% for statins + macrolides.

The mean number of episodes by individual exposed at least once to the DDI in 2016 varied from 3.9 for
serotonergic drugs + tramadol to 1.3 for colchicine + macrolides. Moreover, the mean duration of one episode
ranged from 16 days for ARBs-ACEIs + NSAIDs to 5 days for colchicine + macrolides or serotonergic drugs +

tramadol (Table 2).



Prevalence rates of exposure to DDIs in 2016 was estimated at 3.7% (95% CI [3.6;3.7]) of the population for
ARBs-ACEIs+NSAIDs, 1.52% (95% Cl [1.49;1.55]) for AAP+NSAIDs, 0.76% (95% CI [0.74;0.78]) for
serotonergic drugs + tramadol, 0.36% (95% CI [0.35;0.38]) for statins + macrolides, 0.24% (95% CI [0.22;0.25])
for OAC+NSAIDs and 0.020% (95% CI [0.016;0.023]) for colchicine + macrolides (Table 2).

Trends of prevalence of exposure from 2006 to 2016 are reported in Figure 1. Prevalence of four DDIs increased
between 2006 and 2016: +38.8% for OAC + NSAIDs, +34.8% for serotonergic drugs + tramadol, +14.7% for
ARBs-ACEIs + NSAIDs and +13.2% for AAP + NSAIDs; while the two other DDIs decreased: -21.0% for statins
+ macrolides and -4.1% for colchicine + macrolides.

Prevalence rates by age groups were lower for the 0-19 and 20-44 y and higher for the people aged 65 years and
over (Figure 2). In 2016, for colchicine + macrolides and for serotonergic drugs + tramadol, the elderly (> 85 y)
were the most affected age group (prevalence at 0.07% (95% CI [0.04;0.11]) and 1.89% (95% CI [1.72;2.06]),
respectively). For the four others DDIs, in 2016, the prevalence was higher for the 65-84 y age group: 11.07%
(95% CI [10.88;11.25]) for ARBs-ACEIs + NSAIDs, 5.33% (95% Cl [5.19;5.46]) for AAP + NSAIDs, 1.23%
(95% CI [1.16;1.29]) for statins + macrolides and 0.85% (95% CI [0.80;0.90]) for OAC + NSAIDs.

When considering populations exposed to object drugs or precipitant drugs as the denominator, prevalence rates
were higher (Table 2). Prevalence considering population exposed to object drugs as the denominator were
decreasing during the study period, except for serotonergic drugs + tramadol (Figure S1). Conversely, prevalence
considering population exposed to precipitant drugs as denominator were increasing between 2006 and 2016

except for serotonergic drugs + tramadol (Figure S2).

Discussion

This study proposed a method to quantify the prevalence of exposure to a potential DDI using administrative data
of about 1% of the French population (EGB). We presented estimates between 2006 and 2016 for six DDIs with
various profiles. Exposure to potential DDIs is not uncommon with a high proportion resulting from a co-
prescription. Trends were changing over time with various patterns.

Making direct comparisons with previous studies that estimated the prevalence of exposure to DDIs in outpatient
care is difficult, due to the absence of standardized framework [5-10, 20, 21]. Indeed, study periods varied from a
few months [7, 9, 10, 20] to one or several years [5, 6, 8, 21]. Also, different denominators in prevalence estimates
were used: whole study population [5-7, 10], patients with two or more prescriptions during the study period [9],
patients exposed to polypharmacy [8, 21] or total number of prescriptions in the study data [8, 10, 21]. Moreover,
prevalence estimates were often provided for all DDIs included in the national interaction thesaurus, which greatly

differ between countries [6, 9, 10, 21]. However, a noticeably high prevalence were reported in the general



population: 8.5% over 20 month in Italy [7], 9.3% in 2015 in Slovenia [6], 4% on average over 4 months in France
[10] and 1.3% in 2010 in Switzerland [5]. We applied here the same methodology for estimating the prevalence
and interpreting the temporal trend of exposure to several DDI, easily replicable with any drugs dispensing
reimbursement database.

Consistent with previous studies [6-8], we observed that prevalence was higher among the elderly (> 65 y), in line
with their greater exposure to polypharmacy [22]. Depending on the DDIs, the prevalence for the 65-84 y age
group were higher than the 85 y and older, as previously reported [7], possibly reflecting age-related prescribing
patterns (avoidance of NSAIDs in the elderly for example).

Co-prescription represented between 26 and 58% of the episodes of exposure to DDI, even for DDI with high
clinical relevance. These values are lower than the 70.7% estimated in an Italian study [7]. Co-prescription may
reflect a lack of pharmacological knowledge or a careful choice with diligent instructions and recommendations
to the patient. In the case of co-prescription, two health professionals (prescriber and pharmacist) are encountered
by the patient. Although automated DDIs alerts could help health care professionals to identify potential DDIs,
computerized patient management systems are not routinely used, decreasing the ability to detect potential DDIs
[23, 24]. In addition, warnings are often overridden [25, 26].

The database used here allowed studying trends of prevalence over time, considering several denominators. The
prevalence of exposure to a DDI is the product of the number of patients receiving the object drug by the
conditional probability of them receiving the precipitant drug. The probability of receiving the precipitant drug
given an exposure to the object drug depends: (i) of the frequency of use of the precipitant drug and (ii) of the
prescriber awareness to the risk of DDI. Interpretation of time trends of prevalence of exposure to DDIs has to
take into account the trends of these components. Indeed, we observed that DDIs involving NSAIDs were
increasing when considering the total population, but decreasing when we considered the population receiving the
object drug as the denominator. This reflected a global increase in the number of people receiving the object drug
(ARBs-ACEls, AAP, and OAC) — possibly linked to ageing population, and a relative decrease of the concomitant
exposure to NSAIDs in these patients — perhaps linked to a better consideration of potentially interacting drugs.
The two DDIs involving macrolides were decreasing over time, which could be linked to the decrease of the
prescription of macrolides [27] and perhaps to a better consideration of interacting drugs possibly due to public
health authorities’ safety guidelines. Prevalence of the DDI involving serotonergic drugs + tramadol increased
sharply from 2006 to 2011 and then decreased (Figure 1). This trend is linked to the gradual reduction until the
definitive withdrawal of dextropropoxyphen in France in 2009 leading to a partial switch to tramadol [28, 29]. The
decrease in prevalence since 2012 is likely due to national authorities guidelines recommending a switch to

paracetamol, published later in 2011 [29, 30]. This shape is also observed when considering the population



receiving serotonergic drugs as the denominator (Figure S1), suggesting a steady misreading of the DDI involving
serotonergic drugs + tramadol.

The main strengths of our study is the exhaustiveness and representativeness of the data used, making the EGB a
particularly appropriate tool for conducting pharmacoepidemiological studies with longitudinal follow-up [12]. As
the insurance system beneficiaries are included in the EGB whether or not they use care, this database allows
prevalence estimates among the general population. In addition, the large number of included beneficiaries results
in producing accurate estimates, except for very rare events [14].

Our study has several limitations. As drug dispensations data were used here, we had no direct measure of drug
consumptions or treatment adherence, which could lead to overestimate the risk of DDI. On the opposite, over-
the-counter drugs (ibuprofen and acetylsalicylic acid can be purchased without a prescription in France) and drugs
dispensed in hospitals and some nursing homes were not available, which might have resulted in underestimating
the prevalence of DDIs. Periods of exposure to drugs were defined using the DDD, which is only an approximate
estimate of the prescribed daily dose. In addition, we considered that all drugs dispensed were used (no leftover
pills). As a consequence, the number and duration of episodes of exposure to DDI could be overestimated.
However, we also computed the number of co-prescription which corresponds to a more specific definition of
exposure to DDIs [19]. We also considered a potential DDI with an overlap of at least one day, but according to
half-life of some drugs, a DDI can occur without overlapping, for drugs with long half-life or with pro-drug with
one of their metabolite involved in the potential DDI; in an opposite, the potential DDI may have a clinical impact
only after a sustained exposure (days or weeks). Finally, we investigated the prevalence of simultaneous exposure
to two drugs that could interact, but not of the occurrence of the adverse events possibly related to the DDI, neither
the factor associated with the prescription of the drugs involved in the interaction.

The method presented here allowed quantifying exposure to DDIs in the overall population and studying trends
over time. Monitoring the prevalence of exposure to DDIs in population is needed to evaluate the impact of

prevention measures. Furthers research is needed to estimate the risk of adverse events related to exposure to DDI.
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Figure 1. Prevalence and 95% confidence interval of exposure to six drug-drug interactions between 2006 and
2016 in France
ARBs: angiotensin 1l receptor blockers; ACEIs: angiotensin-converting enzyme inhibitor(s); NSAIDs:
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Tables

Table 1. Drug-drug interactions studied from the French drugs interactions thesaurus (French National Agency

for Medicines and Health Products Safety, ANSM, 2018)

Drug-drug  Clinical Biological Possible
interaction relevance ‘Object’drugs ‘Precipitant’ drugs consequence adverse event
NSAIDs (aceclofenac,
ARBs (azilsartan, mefenamic acid, niflumic
candesartan cilexetil, acid, tiaprofenic acid,
eprosartan, irbesartan, alminoprofene, celecoxib,
losartan, olmesartan, dexketoprofen, diclofenac,
telmisartan, valsartan) or etodolac, etoricoxib,
ARBS-ACEls  Precaution for ACEls (b.enézepril,' fenoprofen', flurbiprofen, Qlomgrular Acute renal
captopril, cilazapril, ibuprofen, indometacin, filtration .
+ NSAIDs use . . . . failure
enalapril, fosinopril, ketoprofen, meloxicam, decrease
lisinopril, moexipril, morniflumate,
perindopril tert- nabumetone, naproxen,
butylamine, quinapril, nimesulide, parecoxib,
ramipril, trandolapril, piroxicam, rofecoxib,
zofenopril) sulindac, tenoxicam,
valdecoxib)
NSAIDs (aceclofenac,
mefenamic acid, niflumic
acid, tiaprofenic acid,
alminoprofene, celecoxib,
dexketoprofen, diclofenac,
onC acnocoumrl, {000 ot
OAC + Not apixaban, dabigatran, . ] Y Gastroduodenal Gastrointestinal
L . ibuprofen, indometacin,
NSAIDs recommended fluindione, phenindione, . mucosa damage hemorrhage
rivaroxaban, warfarin) ketoprofen, meloxicam,
morniflumate,
nabumetone, naproxen,
nimesulide, parecoxib,
piroxicam, rofecoxib,
sulindac, tenoxicam,
valdecoxib)
NSAIDs (aceclofenac,
mefenamic acid, niflumic
acid, tiaprofenic acid,
alminoprofen, celecoxib,
dexketoprofen, diclofenac,
etodolac, etoricoxib,
AAP + To be taken into AAP.(acetyIsallcyllc acid, .fenoprofen., flurblprofen, Gastroduodenal Gastrointestinal
clopidogrel, prasugrel, ibuprofen, indometacin,
NSAIDs account mucosa damage hemorrhage

ticagrelor, ticlopidine)

ketoprofen, meloxicam,
morniflumate,
nabumetone, naproxen,
nimesulide, parecoxib,
piroxicam, rofecoxib,
sulindac, tenoxicam,
valdecoxib)
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Macrolides (azithromycin,
clarithromycin,

- o . Impaired Rhabdomyolysis
Colchicine + S . erythromycin, josamycin, . .
. Contraindication Colchicine , ) colchicine and colchicine
Macrolides midecamycin, L.
R . clearance poisoning
roxithromycin,
telithromycin)
Statins + Precaution for . Macrolides (clarithromycin,
. Pravastatin .
Macrolides® use erythromycin)

Simvastatin

Macrolides (azithromycin,
roxithromycin)
Macrolides (azithromycin,

Impaired statin

Rhabdomyolysis
and acute renal

. . clearance .
. clarithromycin, failure
Atorvastatine .
erythromycin,
roxithromycin)
Contraindication Atorvastatine Telithromycin
Serotonergic Irreversible Monoamine
drugs + Contraindication oxidase inhibitors
Tramadol (iproniazid)
Not Reversible inhibitors of
monoamine oxidase A
recommended . . .
(linezolid, moclobemide) Increased
Inhlbltors of moh'oamlne serotonin Serotonin
oxidase B (rasagiline, Tramadol reuptake syndrome
selegiline) or selective inhibition

To be taken into
account

serotonin reuptake
inhibitor (citalopram,
escitalopram, fluoxetine,
fluvoxamine, paroxetine,

sertraline, vortioxetin) or
venlafaxine

3n the analyses, interactions between the three statins and the five macrolides were considered
ARBs: angiotensin 1l receptor blockers; ACEIs: angiotensin-converting enzyme inhibitor(s); NSAIDs:

nonsteroidal anti-inflammatory drugs; OAC: oral anticoagulant; AAP: antiplatelet agents
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Table 2. Prevalence and number of exposure to six drug-drug interactions in 2016, Echantillon généraliste de

bénéficiaires - EGB, France

Prevalence
Mean Prevalence of exposure
number of of exposure to the DDI,
episodes tothe DDI, reportedto Prevalence
per reported to the of exposure
Episodes individual  Mean the population tothe DDI,
Number of resulting Number of exposed to duration population exposedto reportedto
episodes of from co- individuals the DDI of each  exposed to the all the study
exposure prescription exposed to during the episode the object precipitant population
to the DDI *(%) the DDI year (days) drugs (%) drugs (%) (%)
ARBs-ACEls + 29.1 11.4 3.7
7161 40.1 25458 2. 1
NSAIDs 613 0 243 8 6 [28.8;29.4] [11.3;11.5] [3.6;3.7]
AAP + 22.1 4.7 1.52
27504 42.6 10532 2.6 14
NSAIDs [21.7;22.5] [4.6;4.8] [1.49;1.55]
Serotonergic
13.1 9.1 0.76
20672 58.2 5251 3.9 15
drugs + [12.8;13.4] [8.9;9.3] [0.74;0.78]
Tramadol
Statins + 5.1 6.2 0.36
3500 26.2 2534 14 8
Macrolides [4.9;5.3] [6.0;6.5] [0.35;0.38]
OAC+ 9.0 0.73 0.24
NSAIDs 3222 318 1634 2.0 13 [8.6;9.4] [0.70;0.77] [0.22;0.25]
Colchicine + 2.3 0.28 0.020
17 . 1 1.
Macrolides > 303 36 3 8 [1.9;2.7] [0.24;0.33] [0.016;0.023]

* Episodes of exposure to the DDI where the two interacting drugs were prescribed by the same physician and
dispensed by the same pharmacy the same day
ARBs: angiotensin 1l receptor blockers; ACEIs: angiotensin-converting enzyme inhibitor(s); NSAIDs:

nonsteroidal anti-inflammatory drugs; OAC: oral anticoagulant; AAP: antiplatelet agents
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