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Résumé

La prise de conscience de I'implication des médmats dans la genése des accidents de la
route date d’'une vingtaine d’années. Les médicasnesicho-actifs peuvent altérer les
capacités de conduite par leur action sur le systéenveux (par exemple, un effet sédatif le
lendemain d’'une prise d’hypnotique). D’autres madients sont susceptibles d’affecter les
fonctions psychomotrices par leur action sur leacfions physiologiques (tel que les
hypoglycémies liées a un traitement antidiabétigu&tude CESIR-A a été mise en place
pour contribuer a la connaissance du lien épidé@gique entre médicaments et accidents de
la route.

L’étude utilise trois bases de données francaisesSysteme National d’Information Inter-
Régimes de I'Assurance Maladie (SNIIR-AM), les B®d/erbaux d’accidents (PV) et les
Bulletins d’Analyse des Accidents Corporels deitautation (BAAC). L’appariement de ces
données a conduit a I'inclusion de 72,685 condusteupliqués dans un accident corporel
sur la période juillet 2005-mai 2008. L'analyseta &alisée grace a deux méthodes: une
analyse cas-témoin comparant les responsables @uxesponsables des accidents et une
analyse dite en case-crossover. Les périodes dséipoaux médicaments ont été estimées a
partir des dates de délivrances de médicamentsrjtsepuis remboursés par l'assurance
maladie.

L’étude des médicaments regroupés selon les quateaux de risque sur la conduite définis
par '’Agence Francaise de Sécurité Sanitaire deduts de Santé (AFSSAPS) [du niveau 0
(pas de risque) au niveau 3 (risque €leve)], a réogue les utilisateurs de médicaments
prescrits de niveau 2 et de niveau 3 ont un risgigeificativement plus élevé d’étre
responsables de leur accident (OR=1,31 [1,24-Ed4QR=1,25 [1,12-1,40], respectivement).
La fraction de risque attribuable a l'utilisatioe @es médicaments était de 3,3% [2,7%-
3,9%].

Le risque d’étre responsable d’'un accident étaymanté chez les utilisateurs de zolpidem
(OR=1,28 [1,07-1,53]) mais pas chez les utilisatede zopiclone ou de benzodiazépines
hypnotiques. Plus particulierement, ce risque éagmenté chez les 139 conducteurs ayant
eu plus d'un comprimé de zolpidem délivré par jawr cours des cing mois précédant
I'accident (OR=2,38 [1,61-3,52]). L'analyse casessover a mis en évidence un sur-risque
d’accident de la route chez les utilisateurs dezbeéimzépines hypnotiques seulement
(OR=1,42 [1,09-1,85]). Les conducteurs exposés haypnotiques partagent les mémes
caractéristiques au regard du type d’accidentsguienaient plus frequemment sur autoroute.
Dans notre base de données, 196 conducteurs oak@b&és a la buprénorphine et/ou a la
méthadone, le jour de leur accident. Cette pomraspécifique était jeune, essentiellement
masculine, avec d’'importantes co-consommationsamuotent d’alcool de médicaments de
niveau 3. Les conducteurs exposés a la buprénam@tiou a la méthadone présentaient un
risque accru d’étre responsables de leur acciddRE(2,19 [1,51-3,16]).

Notre étude fournit des informations importantes lsucontribution des médicaments au
risque d’accident de la route. D’aprés nos réssltat classification de 'TAFSSAPS semble
appropriée concernant les médicaments de niveatX32Les sur-risques d’étre responsable
d’'un accident chez les exposés au zolpidem ouraiternents de substitution pourraient étre
liés, au moins en partie, au comportement a ristpiees conducteurs. L'amélioration du
comportement des conducteurs représente un despidéfi la sécurité routiere. L'objectif de
la classification francaise et de la signalétigppaseée sur les boites de médicaments est donc
de fournir aux patients une information appropisée les effets des médicaments sur leur
capacité de conduite.



Abstract

In recent decades, attention has been increasfaoglsed on the impact of disabilities and
medicinal drug use on road safety. Psychoactiveaimsd may impair driving abilities due to
their action on the central nervous system (e.glatsen in the morning following
administration of a hypnotic), while other medignmay affect psychomotor functions by
their action on physiological functions (e.g hypaglemic seizures related to diabetic
treatment). The CESIR-A project was set up to imprthe epidemiological knowledge on
medicines and the risk of road traffic crashes.

The study matched three French nationwide databdlsesnational healthcare insurance
database, police reports, and the police natioatbédse of injurious crashes, leading to the
inclusion of 72,685 drivers involved in an injurgtoad traffic crash from July 2005 to May
2008. Two methods were performed for data analgssase-control analysis in which cases
where responsible drivers and controls non-resptsmsines and a case-crossover analysis.
Medicine exposures were estimated from prescriptinrg dispensations in the healthcare
reimbursement database.

The study of medicines grouped according to the iexels of driving impairment risk of the
French classification system [from O (no risk) t¢hgh risk)], showed that users of level 2
and level 3 prescribed medicines were at highde of being responsible for the crash
(OR=1.31 [1.24-1.40] and OR=1.25 [1.12-1.40], respely). The fraction of road traffic
crashes attributable to levels 2 and 3 medicines3:\226 [2.7%-3.9%].

Zolpidem use was associated with an increasedofidbeing responsible for a road traffic
crash (OR=1.28 [1.07-1.53]) whereas use of zope&lkmd benzodiazepine hypnotics use was
not. Responsibility risk was only increased in 189 drivers with dispensing of more than
one pill of zolpidem a day during the five montrefdye the crash (OR=2.38 [1.61-3.52]).
Case-crossover analysis showed an increased ristasi for benzodiazepine hypnotic users
only (OR=1.42 [1.09-1.85]). Hypnotic users sharmlilar crash characteristics, with crashes
more likely to occur on highways.

In our database, 196 drivers were exposed to bogsbime and/or methadone on the day of
crash. This specific population was young, esskyntiaales, with important co-consumption
of other substances, in particular alcohol andll@venedicines.injured drivers exposed to
buprenorphine and/or methadone on the day of crhal, an increased risk of being
responsible (OR=2.19 [1.51-3.16]). The case cross-@nalysis did not demonstrate any
association (OR=1.26 [0.93 - 1.70]).

Our study provides evidence of the contributionnoédicines to the risk of road traffic
crashes. According to our results, the French cisissification seems relevant regarding
medicines classified as levels 2 and 3 of riskré@d traffic crashes. The observed increased
risks of being responsible for a crash for zolpidend substitution maintenance treatment
users may be linked to risky behaviors. Improvimyet behaviour is one of the challenges
for road safety. Providing patients with properommhation on the potential effect of
medicines on their driving abilities is the mainjesftive of drug and risk classifications such
as the French one.



“ While the individual man is an insoluble puzzle,
in the aggregate he becomes a mathematical ceytaint

You can, for example, never foretell what any oaa mill do,
but you can say with precision what an average rermb

will be up to.”

Arthur Conan Doyle
Sherlock Holmes, The Sign of the Four
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INTRODUCTION




La lutte contre les accidents de la route corestitn enjeu majeur de santé publique,
au regard de leurs conséquences en termes de itdogtatle morbidité. Réduire le nombre
d’accidents de la route est une priorité des im&snEuUropéennes. Ainsi, le programme
d'action en faveur de la sécurité routiere 20033204 la Commission des Communautés
Européennes prévoit un catalogue de mesures conemeéploiement de nouvelles
technologies de sécurité routiere, I'amélioratian l'thfrastructure routiére et des actions
visant & améliorer le comportement des usagErseffet, un certain nombre de facteurs liés &
un risque accru d'accident de la route sont impatala des comportements tels que
consommation d’alcool, conduite en état de fatigiiéisation de substances psychoactives et
de médicaments.

En France, la consommation de médicaments, encpleti de médicaments
psychoactifs, est élevée et se banalise.

Méme si I'impact des facteurs liés a la santé 'swsdcurité routiére est reconnu, cette
thématique est encore relativement peu exploréeequan épidémiologique. Les données de
la littérature rendent compte d’une relative aboweaet d'une grande diversité des tests
d’évaluation des capacités cognitives et motricessmaussi de la pauvreté de la littérature
épidémiologique disponible. Les informations relgvdes seuls tests psychotechniques et
physiologiques ou des tests de conduite réelleuotsisnulateur ne permettent pourtant pas
d’évaluer I'impact réel en population. En outres dests ne sont pas realisés de facon
systématique avant la mise sur le marché des nrédius.

Depuis la directive européenne du 26 octobre 1B83effets des médicaments sur la
capacité de conduite et I'utilisation de machira# sdentifiés dans une rubrique spécifique
du résumé des caractéristiques du produit.

Dans le cadre du programme d’action défini par n@e Interministériel de la
Sécurité Routiere (CISR), 'Agence Francaise deuBtc Sanitaire des Produits de Santé
(AFSSAPS) a été chargée, en 2003, d’élaborer wssification, en quatre niveaux de risque
(du niveau O [risque nul ou négligeable] au niv&alrisque majeur]), des médicaments
susceptibles d'altérer les capacités de condugte,niveaux 1 a 3 étant illustrés par des
pictogrammes apposés sur le conditionnement degcaments. Un groupe d’experts a ainsi
évalué le niveau de risque des meédicaments gracel'étude des données
pharmacodynamiques, des données de pharmacovigildes données expérimentales et des
données épidémiologiques disponibiés.Le constat d’un manque réel de données
populationnelles a été dressé.

Ce travail de these s’inscrit donc dans ce conteaec pour objectif principal
d’identifier les médicaments associés a un suuastjaccident de la route.



The fight against road traffic crashes is a majdslic health issue with regard to their
consequences in terms of mortality and morbidigd#ing the number of road accidents is a
priority of European institutions. Thus, the ActiBnogramme for Road Safety 2003-2010 of
the European Communities Commission provided aodlisactions such as deploying new
technologies on road safety, improving road inftagtire and actions to improve the users’
behaviour: Indeed, a number of factors associated with aneased risk of road traffic
crashes are attributable to behaviours such akalconsumption, driving while tired, use of
psychoactive substances and medicines.

In France, consumption of medicines, particuladyghoactive medicines, is high and
Is becoming commonplace.

Although the impact of health-related factors oad'gafety is recognized, this issue is
still relatively unexplored. Available literaturet reflect the abundance and variety of tests
to assess cognitive and motor skills but also theepy of the epidemiological literature.
Moreover, information from psychological and phys@cal testing, driving tests or
simulator experiences, do not assess the impabeimctual driving populatiorn addition,
these tests are not performed routinely beforertheketing of medicines.

Since the European Directive of October"28.983, the effects of medicines on
driving ability and use of machines are identifiada specific section of the Summary of
Product Characteristiésin 1999, in France, this information was completadnwith a
unique triangular pictogram on medicines’ packagimg2003, the French Health Products
Safety Agency (Afssaps) was requested by the Intéstaerial Committee for Road Safety
Board, to grad the pictogram system, setting uplagstication in four risk levels of
medicines that may affect driving abilities (le@e]zero or negligible risk] to 3 [major risk]).
Risk levels are illustrated by three colors and @tten warning followed by a short
informative message on the attitude patients shadtupt when using these medicines. For
this purpose, a multidisciplinary group of expewss appointed to rate all medicines
regarding their effects on driving performand@daced to the lack of epidemiological data,
the experts recommended that an epidemiologicdlydbe conducted to help assess the role
of medicines in road safety and validate the disdion system.

Be very careful Danger :
Take advice from do not drive
a physician or a pharmacist Seek medical advice

before driving before driving anain

.. Be careful
Iﬁ Read carefully
the patient leafiet

AT E before driving

In this context, the main objective of this thesigo identify medicines associated
with an increased risk of road traffic crashes.



STATE OF KNOWLEDGE




The literature research presented in this chamerresulted in the publication of an
article entitled: a systematic review of epidemgital studies on the impact of medicines on

the risk of road traffic crashes(Appendix 1)

Literature review by therapeutic classes

Anxiolytics and hypnotics

Anxiety and sleep disorders are frequently encordtelisorders in today's society.
Thus, France is a leader in terms of anxiolyticspriptions, benzodiazepines being the most

prescribed medicines.

The substances’ half-life determines the duratibitsoaction. It represents the time
after administration for its concentration to bemased by half. Thus, the longer the half-life
is, the more likely the drug is to have a resiceffdct after administration. Table 1 shows the
main benzodiazepines and results of epidemiologitadies on their effects on the risk of

crash.

Table 1. Benzodiazepines and the risk of road traiff crashes

Substance Half-life Risk
Anxiolytics All 2.9[2.5-3.5]% 5.6 [1.7-18.4F
2.18 [1.52-3.13°
Bromazepam Long
Diazepam Long 2.8[2.2-3.6]% 3.1 [1.4-6.5]"
Prazepam Long -
Clorazepate dipotassium Long -
Nordazepam Long -
Clobazam Long -
Ethyl loflazepate Long -
Oxazepam Intermediate 1.0 [0.3-6.3f
Lorazepam Intermediate 2.4[1.0-6.3f
Alprazolam Intermediate -
Clotiazepam Intermediate -
Hypnotics All 3.3[2.1-4.7]% 6.5 [1.9-22.4f

Flunitrazepam
Nitrazepam
Flurazepam

Temazepam
Loprazolam
Lormetazepam
Estazolam
Triazolam

Long
Long
Long
Intermediate
Intermediate
Intermediate
Intermediate
Short

4.0 [2.4-6.4]°
2.7 [1.8-3.9°
5.1[2.3-11.6f2

3.2 [1.4-7.3F°




The impact of benzodiazepines on the risk of casloes has been extensively
assessed in several studi&& The strength of the associations and the consigteetween
studies indicate that benzodiazepines consumpdiarrisk factor for road traffic crashes. The
effects of benzodiazepines on the risk of crastelmen demonstrated in the eldéfif? but
also among younger drivers'® 2 13The effects of treatment initiation have been esea.®
1213 16 A cohort study about the risk of hospitalisatia@r fraffic crash injuries showed a
diminished risk with elapsed time from the new prisgion fill-date °, probably reflecting
tolerance to medicinal drug effects or decreasioged or use over time. In a case-crossover
study, a dose-response relationship between beazamine consumption and crash risk was
described® Benzodiazepine hypnotics and anxiolytics have tstedied separately, as well
as long and short half-life benzodiazepines antviddal drugs (Table 1).

Benzodiazepine-like hypnotics (zopiclone and zapi)l have appeared on the market
of medicines used in the treatment of insomniahm late 80’s. Zopiclone (Imovane ®) and
zolpidem (Stilnox ®) are currently the most widelged hypnotics because of their shorter
half-lives than those of benzodiazepines (3 to Gréi@and 1.5 to 2.4 hours, respectively).
These drugs have not been extensively studied rsanfaerms of their effects on driving
abilities. A study conducted in the UK from 19921@95, found an association between the
risk of crash and the use of zopiclone (OR = 4181-12.2])."° A recent Norwegian study
found a significant increased risk for users oficlgme and zolpidem (SIR=2.3 [2.0-2.8] and
SIR=2.2 [1.4-3.4], respectively); this risk was kEwthan for users of benzodiazepine
hypnotics

Antidepressants

Psychomotor and cognitive deficits associated wigpression make it difficult to
identify the effect of treatment. Indeed, symptoaisdepression (difficulty concentrating,
anxiety, irritability, fatigue) are likely to modifthe risk associated with driving. Taking
antidepressants may improve the depressive staddmufor some of them, alter the ability to
drive.

There are 4 classes of antidepressants: tricydiiciegpressants and related (TCAS),
monoamine oxidase inhibitors (MAOIs), serotonin ptake inhibitors (SRIs) and other
antidepressants. In terms of their clinical actitre classification is done according to their
stimulant (psychotonic) or sedative effect. Thiag, MAQOIs and SRIs do not exhibit sedative
effects while some TCAs or other antidepressaptsatyclic antidepressants) have a sedative
effect.?® Experimental studies have shown a deleterioustedie driving of amitriptyliné’ %
(TCA) and mirtazapiné® * (tetracyclic antidepressant). The most frequensiyd substances,
paroxetin€® **33and fluoxetin€* (SRIs), appear to have a lower risk.



Two epidemiological studies conducted in the eiddrave shown an association
between use of TCAs and the risk of traffic crasfie@=2.2 [1.3-3.5f? and OR=2.3 [1.1-
4.8] ). In contrast, Barbonet als study, conducted in an English population of 306
people, aged of 18 and more, for 3 years, foundssociation, neither for TCAs nor for SRIs
10 suggesting that the risk is specific to the djdeHowever, the most recent study has
shown a risk for drivers following a prescriptioh sedative or non-sedative antidepressants
(SIR=1.4 [1.2-1.6] and SIR=1.6 [1.5-1.7], respeelyy, the risk being higher among younger
drivers.®

Antiepileptics

The antiepileptic medicines are intended to elit@nar reduce the frequency and/or
severity of seizures, causes of traffic crashededd, the impact of epilepsy on the risk of
road accidents has been demonstrated in sevedigsti=?

Most antiepileptic medicines have central side affethat may impair driving
abilities: drowsiness, confusion, dizziness, anduai disturbances. Four molecules are
considered as “classic” antiepileptics. The firshegration of these medicines is represented
by phenobarbital and phenytoin, gradually supplrig the second generation medicines
(carbamazepine and valproate). The new antiepileptiedicines (third generation:
Lamotrigine, Vigabatrin, Gabapentin, Topiramateggébine, Oxcarbazepine, Levetiracetam)
have appeared on the market in the 90’s. Finathymes benzodiazepines are used in the
treatment of epilepsy for their anti-convulsing pedies (clonazepam, clobazam, diazepam).

Experimental studies show that the side effects moge pronounced in patients
receiving combination therapy and/or too high desagmong "classic" antiepileptics,
phenobarbital seems to have the most deleteridastgfon behaviour and cognition, while
valproic acid would have a better safety profilenpared to carbamazepine and phenytdin.
Available data on the third generation substanaggest a more favourable profile than older
treatments, although differences between them renaibe explored® ** Patients on
antiepileptic therapy, however, show psychometaras lower than untreated patiefifs.

In a retrospective cohort study, Hansotia and Brésind that the lack of antiepileptic
treatment was a risk factor for crashes among driwéo had a history of seizurédIn the
case-control study by Krausst al, having had their antiepileptic treatment reduced
switched significantly decreased the chances okt with epilepsy having road traffic
crashes due to seizurés.



Opioids

An opioid is a synthetic substance which effects samilar to those of opium. There
are three types of opioid receptors: mu, kappadeith receptors. Opioid medicines can be
classified according to their pharmacological awtioon these receptors: pure agonists
(morphine, fentanyl) including weak agonists (methee, codeine, dextropropoxyphene),
partial agonists or mixed agonist-antagonist (bopnehine) and antagonists (naloxone).
Thus, some substances, such as buprenorphine, er@ariial agonists for a subtype of opioid
receptors and antagonist for another.

Opioid medicines are used in pain treatment anduéstitution treatment in opioid
dependence. The effects of opioids on psychomatadr Ggnitive functioning have been
studied in several experimental studifdmpairment by opioids tends to occur more often in
healthy volunteers (who have little or no prior espre to the drugs) than in those who have a
history of opioid use (non-dependent and depenasses, chronic pain patient&j*°

Two epidemiological studies using prescription Hates found a significant
association between the use of opioid medicinesraad traffic crashe$.'® Engelandet al
found that the risk was increased in users of maatapium alkaloids such as codeine,
morphine and oxycodone (SIR=2 [1.7-2.%]n the same database, further study examined
separately codeine and tramadol. An associationfewasd for codeine high consumers only
but this risk may have been linked to co-presaiptf other impairing medicines tod. In
study by Leveilleet al, opioid analgesic use was associated with an tdverash risk in
older drivers (OR=1.8 [1-3.4f} A longitudinal study from a cohort of 13,548 Frknc
workers suggested that pain and pain treatmentdmibssociated with the risk of crash. The
authors noted, however, that severe pain may itselfassociated with poorer driving
performancé® On the other hand, a large retrospective cohadysof 16,262 older drivers
conducted in Tennesse (USA) found no associatipngmid analgesic$?

H1-antihistamines

H1-antihistamines are clinically used in the treainof histamine-mediated allergic
conditions. The allergic inflammation is mainly wgted through the H1-receptor. First
generation  H1l-antihistamines (chlorpheniramine, hdighydramine, hydroxyzine,
prometazine...) potentially cause central nervousesyside effects (fatigue, drowsiness and
performance impairment) as a result of their ligbplstructure. Indeed, these molecules are
able to cross the blood brain barrier and act ofrddgptor sites in the brain. First generation
H1-antihistamines are also used for their antietnefiect, in the treatment of insomnia, and
in some other conditions affecting the central nass system. Second generation H1-
antihistamines (cetirizine, loratadine...) are muabrenselective for peripheral H1l-receptors
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and are less sedative than first generation madsc#linally, fexofenadine, desloratadine and
levoceterizine were introduced as third generati@rantihistamines

The cognitive tests and experimental studies mamtkeruconditions of real driving
suggest that first generation H1l-antihistaminesukhde avoided by drivers. The second
generation can also affect the ability to driveyuph in a very variable mannéf:>* It seems
that the third generation medicines do not impéiring abilities.*® >*

A few studies explored the association between hithigtamines and car crashes. In
the studies by Leveillet al *® and by Rayet al ?, both conducted in the elderly, the
association was not significant. Nevertheless, Hdwet al showed that histaminergic
consumption was associated with the risk of traffashes in professional drivéfsThere is
a lack of epidemiological data on the impact ofdifeerent generations of antihistamines.

Antipsychotics

The effect of antipsychotic treatment on the psyebimr performance and driving
ability of schizophrenic patients has been sulpéatvestigation. Patients with schizophrenia
show worse results in psychometric tests compardualthy controls® Despite the fact that
antipsychotics have been shown to impair drivinggeenances in healthy subjects, there is
good agreement suggesting that schizophrenic patieranifest improved performances
while on these medication$. In clinical studies, conventional dopamine antasjon
neuroleptics were associated with worse resultsardégg psychomotor and cognitive
impairment compared to atypical neuroleptic medtioest > >°

There is no epidemiological study about the effemftdong term maintenance of
antipsychotic drugs on driving performance in socplrrenic patients.

Lithium is an antipsychotic drug used in the treatinof bipolar disorders as mood
stabilizer. In a nested case-control study, thk okbeing involved in an injurious motor
vehicle crash for elderly people who use lithiumswiaund to be increased two-foldl.
Recently, an increase of traffic crash risk wasitbin young female drivers on lithiurt.

Antiparkinsonians

In Parkinson disease, patients suffer from musigelity, tremor and slowing of
physical movement which can alter driving ability.

There are two main classes of medicines used ikiri3an disease: anticholinergic
agents and dopaminergic agents.



In a research letter, Ferreiea al reviewed several cases of sleep attacks at thelwhe
in patients taking antiparkinsonian dopaminergieggt®® In a case-control study, dopamine
agonists significantly increased the risk of suddecontrollable somnolenc¥,

Muscle relaxants

Carisoprodol, a muscle relaxing drug, has been idered in a
pharmacoepidemiological study because of its cengavous system depressant potential.
The standardised incidence ratio for being involveda crash having been prescribed
carisoprodol was 3.7 [2.9-4.8f

Antidiabetics

The risk of crashes for diabetic drivers is linkeddegenerative complications and to
hypoglycaemic seizures related to treatment. Insterg results have been published about
the role of diabetes and its treatment in causmaffit crashes, probably because of the
heterogeneity in treatment regimé%s>°®2

A responsibility study conducted in the elderly diot find any association between
diabetes and at-fault crash involvement and nadot®n with treatment typ&° °* Traffic
injury risk has been reported to be 2.6-fold higimeolder diabetic drivers, especially those
treated with insulin (OR=5.8 [1.2-28.7]) but notthose using oral hypoglycaemic agefits.
Hemmelgarret alfound the rate ratios for current users of insolionotherapy were 1.4 [1.0-
2.0] and 1.3 [1.0-1.7] for sulfonylurea and metforntombined. The authors note the
difficulty of distinguishing between medicinal dreffects and diabetes-related complications
since treatment is strongly correlated with disgasgression®

Cardiovascular drugs

Cardiovascular diseases have been shown to beiassbwith the risk of road traffic

crashes?® %!

Among the medicinal drugs considered in epidemicklgstudies, calcium channel
blockers were not associated with an increasedafisikashe$, and were associated with a
reduced risk of at-fault crash involvement, as vl vasodilator® In the latter study,
anticoagulants and angiotensin-converting enzyriiitors were positively associated with
being at-fault for a crash but the odds ratios werdonger significant after adjustment for
concomitant disease® In a recent case-control study, the use of warfam anticoagulant,
was not associated with an elevated rate of injisrimotor vehicle crasf’
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Nonsteroidal anti-inflammatory drugs

Recently, Engelanét al raised the question of nonsteroidal anti-inflartonadrug
(NSAID) effects in the central nervous system, lesytfound a significant association with
the risk of traffic crash (OR=1.5 [1.3-1.9])This result could be an indicator of clinical
disability in some arthritic conditions. McGwat al found that NSAID association with an
increased risk of at-fault involvement in crashessisted after adjustment for arthritis which
was also independently associated with crash ndkmales. The authors note however that
some NSAID users may be undiagnosed for musculesiémpairments®

Methodological issues

In available epidemiological studies, several dédfé¢ research methods were used:
case-control studies, exposed/non exposed stuaigsonsibility studies and case-crossover
studies.

The sample populations were different, ranging fraotims of road traffic crashes
with personal injury (from crashes databases),im&thospitalized for road traffic crash
injury (from hospital records) to fatally injurediers.

Drug exposure assessment was heterogeneous, nmubsplgnding on available
retrospective data in national databases or omtiiecule selection for biological testing.

In addition, the effects of medicines in a samedpeutic class may be heterogeneous
and it would be recommended to consider each sutxsia the context of the disease treated,
which in turn may affect the risk of crash. The eam of confounding by indication is
difficult to address and consequently, it often a@m unclear whether crashes occur as a
result of medicine use or of the underlying disease

Another issue relates to potential confounding doethe consumption of other

substances such as alcohol or illicit drugs whiehret always measured. Other factors such
as driving conditions or number of miles drivenlddoe included in risk modelling.
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Conclusion

All of these factors make the comparison betweadiss difficult and partly explain
the conflicting results with regard to certain #qggutic classes.

Our systematic review highlighted several fieldsevenmore epidemiological data are
needed. There is a need for large studies, inastg the individual and combined role of
substances in the risk of road traffic crashes. differential effect of the older generations of
medicinal drugs versus newer ones must be comparadapt patient care. The impact on
crash risk of dose changes, beginning or end atrtrent, must be further investigated. As
described above, some non-psychoactive medicingjsdmay alter driving abilities due to
their action on physiological functions or regaglicentral side effects. The impact of these
medicinal drugs on road traffic crash risk has lyabgen assessed in epidemiological studies
so far. Studies should also be designed to adsesslative roles of disease and medication in
the risk of road traffic crashes. Quantifying tiekrin patients who may be under-represented
in the general driving population is also of instras they may be at high risk due to the
disease itself, and to the medicinal drugs usécktd the condition.
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OBJECTIVES
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The CESIR-A study (Combinaison d’Etudes sur la &aettl'Insécurité Routiere —
Appariement de bases de données nationales) aimsséss the role of medicines as a risk
factor for road traffic crashes.

This work is divided into several studies:

In the first one, we examined the relationship leetmvthe risk of road traffic crashes
and prescribed medicines with a particular focushenrelevance of the French classification
system. The fraction of crashes attributable toiomeel use was estimated from the results of
this study.

The aim of the second study was to evaluate thedmpf hypnotics on the risk of
crash and particularly to compare the effects oizbdiazepine hypnotics to the effects of the
two benzodiazepine-like hypnotics: zopiclone anipizem.

In the third study, we were interested in opioiddiomes used in addictive disorders.

The choice of the studied medicines is explainddvb€ The CESIR-A study” part,
“Choice of the medicines to be studied” sub-headind “Results” part)

14



THE CESIR-A STUDY
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The methodology consists in matching reimburserdatd of the national healthcare
insurance database (SNIIR-AM) with data on injusidraffic crashes collected by the police
(police reports [PV] and the police national datgbaf injurious crashes obtained from
reports on injury traffic crashes [BAAC]), througiartnership with the national healthcare
insurance (CNAM-TS) and the national institute fiesearch on transport and safety
(INRETS).

Data sources

Police reports (PV)

French police forces are supposed to fill in aqeolieport for each injurious crash
occurring in the country (about 70,000 reports\argten each year). They are scanned and
stored as image files by Agira-TransPV that ceizteal all PV for insurance responsibility
purposes. All available police reports in Francaengathered over the study period, from
July 2005 to May 2008.

For some of the individuals involved in these imus road traffic crashes, the
national healthcare number (national ID) is recdrde the police report and can later be
matched with the medicine dispensing records oh#adthcare insurance database.

Police national database of injurious crashes (BAAC

Reports on injury traffic crashes (BAAC) are filled by police forces using a
standardized grid containing descriptive variakdésut crash characteristics and location,
vehicles and users involved. All the BAAC infornmatiare coded and computerized in the
police national database of injurious crashes. fdimally, to each subject involved in an
injurious traffic crash and identified in a PV, oesponds a BAAC record.

The variables of interest are listed below. Thewtcbute in the project to run
matching procedures, to determine a responsibddgre and to describe the crash and
subjects characteristics.

Matching PV/BAAC variables:
- PV number
- crash date
- crash location’s zip code
- date of birth of the individual involved
- gender of the individual involved
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Variables used for responsibility determination:

- weather

- road administrative category

- road directions

- road conditions

- road curves

- intersection

- lighting

- maneuver before the crash

- number of vehicles involved

- number of pedestrians

- moving obstacle

- vehicle conditions

- responsibility as determined by police forces
- infractions (excepted alcohol and illicit drugs)

Descriptive variables:

They are listed in Appendix 2. It includes:

- year, month and day of week of crash

- vehicle type

- socio-economic category of subjects involved

- alcohol level

All drivers involved in a road traffic crash areppwsed to be tested for the presence of
alcohol using a breath test. If this test is pwsif> 0.5 g/L), the driver refuses to take the test
or the severity of the crash makes the test imptessinen the blood alcohol concentration is
measured. If the breath test is negative then therdis registered as not being under the
influence of alcohol. Missing data on alcohol impant correspond to the following
situations: the result of the blood measurement wwdksown at the time of data entry in the
database, the blood measurement was impossiblefiooigh blood for example), the breath
test was not done by the police, the breath test pesitive but the measurement of blood
alcohol concentration was not performed, the bresghwas negative but it was not coded in
the database.

- injury severity

Police forces conduct additional investigationsardgng injury severity from hospital
records and categorize the people involved in drieeofour groups: unhurt, slightly injured,
seriously injured (hospitalized more than 24 hounskilled (in the 30 days following the
crash).
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Healthcare insurance database

The national healthcare insurance database (Systewnenal d’Informations Inter-
Régimes de I'Assurance Maladie [SNIIR-AM]) coverlse twhole French population (64
million people in 2008) and includes data on reinskd prescription medicines. A record is
added to the database each time a prescribed medgidispensed to an outpatient at the
pharmacy, including national ID, date of dispensihg seven-digit code (CIP code) assigned
to the medicine at the time of its marketing auttaiion and the number of boxes delivered.
Data on long-term chronic diseases are also regdsia this database, with the ICD-10 code
(International Classification of Diseases codeyjtsand end dates. In France, patients are
fully reimbursed for health care expenses, inclgdamedicines, related to 30 recognized long-
term chronic diseasey.

Data on reimbursed prescription medicines dispengédun six months before the
crash, were obtained by linking included drivershe national healthcare insurance database
using their national ID, gender and date of birth.

Data collection

National ID extraction

Drivers involved in an injurious crash in Francenh July 2005 to May 2008, were
included through their national ID, gender and dxteirth extracted from police reports.

The national ID is assigned to all individuals tigiin France when they start working
or during their last year in high school or at kst at 20 years old. Individuals who do not
have a personal ID can be identified by the paoentife/husband national ID, the claimant
gender, the claimant date of birth, the combinatibwhich forms a unique identifier.

An application, based on Optical Character Recagni{OCR), was developed for
automatic extraction from the police report imagesfof the crash date and the driver’s
national ID, gender and date of birth. First, the is saved as a text file. An application is
then run to detect 13 or 15-digit codes which magrespond to a national ID. The last two
numbers are the “control key” allowing the idermiion of false national IDs. If the control
key is not present, a test is realized on the foarnd fifth numbers which should correspond
to the month of birth. Finally, the date of birthdagender are searched within an interval of a
hundred lines around the national ID.

The extraction procedure was validated on a subsawip293 police reports for
which all pages were printed and coded manually.
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Subjects whose police reports did not contain thaiional ID could not be included.
Drivers were censored at their first involvemenairoad traffic crash in order to attenuate the
impact of previous crashes on medicine exposure.

PV/BAAC matching procedures

A procedure was implemented to match each individinse ID was extracted from
police reports, with the corresponding record friima police national database of injurious
crashes.

The following common variables were used: poligeore number, crash date, crash
location’s zip code, police forces who recorded ¢hash, date of birth and gender of the
individual involved. Two records were consideredchad if they were concordant for all six
variables. If a pair was discordant for three orenariables, it was considered unmatched.
For pairs with concordance for less than six véestand more than three variables, a
probabilistic linkage method was develop®d.

The principle of the probabilistic linkage methado consider all possible pairs.
A weight is assigned to each common variable agegrtb its reliability. Each variable has
two probabilities associated with it:

- The probability that a variable agrees givert tha pair is a matched pair (m) is
linked to the error rate on this variable

- The probability that a variable agrees givert tha pair is an unmatched pair (u) is
linked to the number of values the variable cartak

To determine the weights assigned to each variatdample of PV were matched
manually to the corresponding BAAC.

The weight is computed as follows:

- If the pair agrees on the variable: g (m/u)
- If the pair disagrees on the variable: w & Id-m)/(1-u)

The global score is the sum of each weight fotredlcommon variables. It represents
the degree of agreement between the two recordbreshold is selected to minimize the
number of non-matches considered as matched palrtha number of matches considered as
non-matched pairs. All scores higher than the ahdbeeshold are considered matched.
Below the threshold, pairs are unmatched. Whercaide could not be made automatically,
pairs are reviewed by hand. (Figure 1)
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Figure 1. Distribution of weight for a typical matching process
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Data security and anonymity

According to the French law on data privacy of Zag6", 1978, the methodology of
the research must not allow the direct identifmatof subjects. That is why the French
national healthcare insurance developed a systaingtrarantees strong occultation of such
sensible information as national ID number whicbvles access to electronic nominative
information. This system, called FOIN (nominativecoltation function), combines an

authenticity process and a double anonymisatiosuramng that no correspondence table can
be built.®’ (Figure 2)

Figure 2. FOIN process (nominative occultation funion)
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Data exchanges

Figure 3 shows the circuit followed for data cadllen and exchanges between the
different partners involved in the project.

Figure 3. Flowchart of data collection

INRETS
TransPV @ PV Automatic exiraction procedure@
ONISR BAAG BAAC/PV matching @
Responsibility determination @
ID anonymization @

INSERM

CNAM-TS
Study number
assignment
Medicine
reimbursing data
Analyses

Step I PV and BAAC collection

Each year, the INRETS is addressed all BAAC fromrhtional interministerial road
safety observatory (ONISR). All PV over the studgripd were gathered through a
partnership with Agira-TransPV that centralizesPall for insurance purposes.

Step 2 Automatic extraction procedure

The combination national ID/ gender/ date of biothdrivers involved is extracted
from PV by an automatic OCR procedure which wasbtiged especially for the study.
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Step 3 BAAC/PV matching
BAAC and PV are matched using a probabilistic |géanethod.

Step 4 Responsibility determination
The INRETS computes responsibility levels for edciver involved in an injurious
traffic crash, by a standardized method using BAksta.

Step 5 ID anonymization
The personal information anonymization functiortteé healthcare national insurance
system (FOIN) is used in order to secure exchahgtsgeen the different partners.

Step 6 Data exchange from the INRETS to the INSERM
Anonymized IDs and a number of BAAC variables, diéstg crash characteristics
and users involved, are encrypted and transmitt¢let INSERM.

Step 7 Study number assignment
A study number is assigned to each subject.

Step 8 Data exchange from the INSERM to the CNAM-TS
The couples anonymized IDs - study number and cdasbs are forwarded to the
CNAM-TS after data encryption.

Step 9 Medicine reimbursing data

The CNAM-TS extracts reimbursed medicines data éthw® before and 2 months
after the crash, by means of the anonymized IDalRae encrypted and sent back to the
INSERM.

Step 10 Analyses
All data are merged for analysis.

The flow, processing and matching of files are itkdlain Figure 4 below. Those
anonymization procedures are required because dhsent of participants can not be
obtained. It is thus necessary to make their ifieation impossible. This study was approved
by the French Data Protection Authority (Commissiationale de I'Informatique et des
Libertés [CNIL]).
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Figure 4. Anonymization procedures
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The Anatomical Therapeutic Chemical (ATC) clasaiion

This classification was developed by the World lte&rganization (WHO). In the
ATC classification system, the drugs are dividetd iifferent groups according to the organ
or system on which they act and their chemicalyiplaaological and therapeutic properties.
Drugs are classified in groups at five differedis. As an example:

N Nervous system

NO5 Psycholeptics

NO5C Hypnotics and sedatives
NO5CF Benzodiazepine related drugs
NO5CF01 Zopiclone
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The EPPM survey

The EPPM survey (Enquéte Permanente sur la Préearilédicale) is a survey on
medicine prescription in France. This survey is dionted among 800 practitioners,
representative of French physicians. Three timegear, over a seven-day period, all
prescriptions are collected and information abaasgribed medicines and treatment duration
prescribed is recorded in a datab&8@he database is structured as follows:

Medicine (CIP code / ATC class)
Packaging 1
prescribed duration ¥ number of prescriptions
prescribed duration 2 number of prescriptions

Packaging 2
prescribed duration ¥ number of prescriptions
prescribed duration 2 number of prescriptions

We collected prescription data over the June 200&y 2008 period, data was thus
available for twelve trimesters. We computed theliare value of treatment duration for each
ATC class (4 level), weighted by the total number of prescdpsi of this duration over the
twelve trimesters. In France, the duration of attreent dispensed at the pharmacy cannot
usually exceed 30 days (with a very small numbezxafeptions such as contraceptive pills),
so the maximum duration was 30 days.

Day-by-day exposures were estimated using the mediie computed as described
above. Exposure was considered starting on théallaying the dispensing day.

When we conducted further analysis in specific Adi@sses, exposure duration was

estimated more precisely for these classes. Thiegsribed in Methods parts, Medicines and
exposure periods sections of each chapter.

Analyses

Descriptive analysis

We compared included with non-included subjectgiarding age, gender, injury
severity, vehicle type, crash location, type ofigmlforces who filled in the police report,
alcohol level and responsibility status. This aseyvas performed by logistic regression.

24



Responsibility analysis

The study database only includes drivers involved crash, and therefore no external
reference group. The general principle of the aialis to use drivers non responsible for
their crash as the reference group.

In the present study, responsibility status waerdehed using the “SAM method”
presented below, which is derived from a methodialty developed by Robertson and

Drummer.

Responsibility determination

> Robertson and Drummer method

A method was developed by Robertson and Drummedetermine the culpability or
responsibility of a driver in a crash.

Eight mitigating categories (i.e. likely to redudever responsibility) are identified from the
police report:

- condition of road

- condition of vehicle

- driving conditions

- type of accident

- witness observations

- traffic rule obedience

- difficulty of task involved

- level of fatigue

A score is assigned to each driver for each ofetfastors from 1 (favourable to
driving) to 4 (not favourable to driving). The higghthe sum of the scores is, the more the
conditions are unfavourable to driving, and thues itiore likely the driver will be considered
as non-responsible for his crash. The scoring ¢jueeare available in Appendix 3.

In our study, if medicines are contributing to ¢rasmusation, it would be expected that
they would be overrepresented in the responsildegr

> SAM method

In the present study, responsibility levels in trash were determined by a method
adapted from Robertson and Drummer. This autonmag¢ithod uses available variables from
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the police national database of injurious crastWdtness observations and level of fatigue are
not recorded in this database so the score is cmupaver the other six categories. The
algorithm for the determination of scores is préseéimn Appendix 4.

» If the score is between 8 and 15, the driver iy ftdsponsible
» If the score is more than 15, the driver is nopoesible

This method has previously been validated by tHRHNS in the SAM (Stupéfiants et
Accidents Mortels) study on cannabis intoxicatiod #atal road crashes in Fran€.

In this study, this automatic assessment of respitis was compared to expert
evaluation, in a common sample. Agreement betweerivto methods has been shown to be

satisfactory (kappa=0.71).

Advantages / drawbacks

In a classical case-control study, controls wowdehnot been involved in a crash, but
would come from the driving population. In suchdsés, controls can be randomly selected
from moving traffic or at petrol stations; the sien is therefore done on a voluntary basis
which may lead to a selection bias. Another watpiselect controls from the source of case
data (heath insurance data, hospital admission.ayelier, one can not know if these
controls actually drive.

The main interest of the responsibility analysighat both cases and controls are
selected from the same driving population and tuettrols are actually drivers. The main
underlying assumption is that non responsible dsivare representative of the driving
population. The comparison of non responsible dsiweith the driving population has been
validated in the SAM study’

The Robertson and Drummer's method has been usedeinous studie¥ *° The
method has been indirectly validated for alcohok,usvhich has been found to be
overrepresented in responsible drivers, with a @bzt relationship, in accordance with the
known effects of alcohol on drivin§?

In our study, the assessment of responsibility dasried out without considering
alcohol and drug intoxication or others factord thay relate to medicine use such as sex and
age. However, the responsibility status, determimggolice forces, is taken into account in
the responsibility algorithm. Police forces mayeoftconsider drivers under the influence of
alcohol as responsible for their crash and in twisy, alcohol level may influence
responsibility score.
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Another drawback is that the method does not cephe risk of being unable to avoid
a crash without being responsible (for examplekibgain time to avoid a vehicle crossing
against the light).

Statistical analysis

As in a classical case-control study, the principferesponsibility analysis is to
compare exposure probabilities on the day of clativeen responsible drivers (cases) and
non-responsible drivers (controls). Statistical lgses were thus conducted using logistic
regression.

Case-crossover analysis

Definition, study population and assumptions

In 1991, Maclure proposed a case-crossover studg asw statistical method to
measure the association between transient exposncesicute outcomés.in this design,
subjects serve as their own matched controls ahdindividuals who had the outcome of
interest are included. Comparisons are made ardiif time points in the same subject: the
exposure during a period immediately before thecaue (e.g. a crash, case period) is
compared with the exposure during an earlier pefomhtrol period). The control period is
used to estimate the exposure rate at the time wieesubjects did not have the outcome of
interest. Only subjects with discordant exposuttevben the two time windows contribute to
information. Therefore, this method is adapted Xposures varying over time as medicine
use can be. Exposure history was available in tualysover the six months before the crash.

The case-crossover design has been used in sommguuepidemiological studies
estimating medicines effects on the risk of roadfitr crashes® ?*”2 Each subject being his
own control, confounding due to fixed characterstis therefore eliminated, including
genetics, personality, education, lifestyle andonio diseases. This overcomes the problem
of confounding by chronic indication, a common @us bias in pharmacoepidemiolgy.
However, acute diseases or fluctuations in diseasssstill be confounders.

The case period is defined as the time windowithatediately precedes the outcome
event and is arbitrarily chosen by the researchgpending upon how the risk factor is
hypothesized to work. In our study, we defined tase period as the day of crash. The
control window is of the same width as the casedoimn

From the estimation of exposure periods to studrestiicines, we determined the
exposure status (exposed or non-exposed) in bgthaiad control windows. In order to take
into account the distribution of exposure periodd ¢he uncertainty on actual exposure, we
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interposed a “wash-out” period between the casecanttol windows. Indeed, any exposure
arising in the control period which would also eri® the case period would reduce the
number of discordant exposures between the twogeand as a consequence would reduce
statistical power. Moreover, if the exposure eBemte cumulative or persistent, the proximity
of the periods may impinge upon the assumptiorontltional independence of exposures.

The choice of the length of the wash-out periodcigcial. Indeed, the overall
prevalence of exposure should be stable over #mg.change that may cause a difference in
frequency of medicine prescription between the peoiods would introduce a time trend
bias. In the same way, any within-subject charaties that may vary across the period
would bias the results. Therefore, the wash-outogeshould be long enough to avoid
carryover effects and short enough to avoid tiraedr
The choice of the length of wash-out periods farhestudied medicines is presented in the
Methods section of each chapter.

Statistical analysis

This is achieved by analyzing the data as a matclasé-control study. In a case-
crossover study, the number of strata equals thebeu of subjects in the dataset. The
Mantel-Haenszel method can be used to estimateddie ratio as is usually done in a pair-
matched case-control study, which is algebraicalyivalent to the McNemar estimate.
Case-crossover designs are typically analyzed wsinditional logistic regression models.

In SAS, matched analyses are carried out usin@HREG procedure.

All analyses were performed using the $/Asatistical software package, version
9.0 (SAS Institute Inc, Cary, NC, USA).

Choice of the medicines to be studied

One of the challenges of the study was relatetdeggtoblem of multiple comparisons
as many statistical inferences could be erroneocshsidered simultaneously. Even if our
database is large, the statistical power is fanfeufficient for the over 1,000 molecules that
were prescribed in the study period to be testdivigiually. A strategy was clearly needed to
address the issue of multiple-testing.

To overcome the issue of multiple statistical tegtand to answer one of the study
objectives, the first approach was to group medgiaccording to their level of risk defined
by the French classification system. This methéoladd studying all medicines classified in
four groups (from level O to level 3).
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In order to be able to study a large number of AT@ses (4 level), we screened the
hundred classes the most frequently used. The dreyuwas computed over the six months
before crashes, in number of days, using exposenieds as defined above. We performed a
responsibility analysis on these hundred classes. applied a Bonferroni correction for
statistical level significancer = 0.05/100= 0.0005. The classes significantly eissed with
the risk of being responsible for a crash were itirbg studied individually.

29



STUDY POPULATION
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Results of the inclusion procedures

National ID extraction

Because national ID extraction procedure was auioraad was performed on a very
large number of police reports (210,818), it waspussible to determine the exact proportion
of drivers with or without a national ID. This ishy a validation study was performed
manually on 293 police reports that showed thatntigonal 1D was recorded for 140 of the
455 drivers involved (28%)

The automatic OCR software extracted 110 of the rddtional IDs. Therefore, the
extraction rate was 79%. The reasons explainingavtigiver’s ID was not extracted could be
the failure of the OCR procedure (e.g. ID not Iégibnough), the ID was written manually
and could not be recognized by the software, aethvas a typing error.

We extracted 109,078 national ID/gender/date ahbirom 210,218 police reports
available from July 2005 to May 2008, correspondingany individual involved in an
injurious road traffic crash.

PV/BAAC matching

Ninety percent of the extracted national ID/gerditeé of birth were matched with a
corresponding record in the police national datalmdsnjurious crashes (72.8% agreed on all
variables, 14.0% were matched by the probabillstlkage method and 3.1% manually). The
linkage did not succeed for 10% of the individuaiginly because the ID corresponded
either to a driver involved in the crash but nateeed in the police national database or to an
individual not involved in the crash (eg: a witneb®e owner of a vehicle involved)/hen the
linkage succeeded, it provided data on the stdttieedndividual involved (driver, pedestrian,
passenger).

The procedure finally led to the inclusion of 756@ivers (Figure 5). In the police

national database of injurious crashes, 392,16@driwere registered in the study period.
Consequently, we estimated the inclusion rate &%8&72,685 / 392,169).
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Figure 5. Flowchart of included drivers

Police Reports

210,818 reports*

Police national database
of injurious crashes

234,679 crashes*

|

v

109,078 national IDs

N

527,591 individuals including:
392,169 drivers
135,422 others users (pedestrians or
passengers)

/

97,438 national IDs matched with a record of a
user in the accident database (driver or not)

|

72,685 drivers included

* The discrepancy between the number of police mspand the number of records in the police nationa
database of injurious crashes is explained by dbethat a small proportion of unavailable repevése being
used for on-going further legal investigations.

Description of the study population

Drivers involved in injurious road traffic crashase described in Table 2. They are
mostly men (68.5%). Age classes are equally disteth between 18 and 54 years old. Classes
of less than 18 and above 54 years old are lessseqted. Cars represent about 60% of the
vehicle involved, scooters and motorbikes accowntapproximately 30% when grouped
together. Finally, 1.9% of the drivers were killedtheir crash. The proportions of slightly
injured and seriously injured drivers were almbst same (36%).
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Table 2. Driver characteristics

N %

72,685
Gender
Men 49,770 68.5
Women 22,915 31.5
Age
<18 3,055 4.2
18-24 14,814 20.4
35-34 16,666 22.9
35-44 15,488 21.3
45-54 11,796 16.2
55-64 5,990 8.2
65-74 2,837 3.9
>75 2,039 2.8
Socio-economic category
gé%r;;;gqoa:]r;agerlal and professional 2.784 3.8
Intermediate occupations 24,984 34.4
Workers 11,887 16.4
Retired 6,449 8.9
Unemployed 3,021 4.2
Other/missing 16,014 22.0
Student 7,546 10.4
Vehicle type
Light vehicle 42,792 58.9
Bicycle 3,867 5.3
Scooter 10,099 13.9
Motorbike 10,458 14.4
Commercial vehicle 2,550 35
Heavy goods vehicle 1,342 1.9
Other 1,577 2.2
Injury severity
Unhurt 19,093 26.3
Slightly injured 26,327 36.2
Seriously injured 25,864 35.6

Killed 1,401 1.9




Comparative analysis of included drivers versusinctuded drivers

Several reasons may explain the non-inclusion neds: the police reports did not
contain the driver's national ID, the extractionogedure failed or the linkage with the
corresponding record in the police national datatwdsnjurious crashes did not succeed.

We compared included with non-included subjecegarding age, gender, injury
severity, vehicle type, crash location, type ofigmlforces who filled in the police report,
alcohol level and responsibility status.

Injury severity was the main factor explaining umibn by means of the national ID
(OR=3.43 [3.29-3.58] for seriously injured driveasd OR=2.67 [2.57-2.77] for slightly
injured drivers), thus explaining higher rates otlusion for bicycle and scooter drivers,
drivers involved in non-urban accidents and driveh® had consumed alcohol, all of whom
are more seriously injured. Law enforcement of§cEom the National Gendarmerie (most
frequently in charge of non-urban areas) are mikedyl to ask for the national ID of the
drivers involved than officers from the Nationallife (most frequently in charge of urban
areas) (OR=2.24 [2.16-2.32]). The inclusion rates shghtly lower for responsible drivers
than for non-responsible drivers (0.91 [0.88-0.9@able 3)

Table 3. Odds ratios for inclusion of drivers by mans of the national 1D

N % included OR[99.9% CI]© OR[99.9%CI] '
Drivers 392,169 18.5
Vehicle
Light vehicle 246,212 17.4 Reference Reference
Bicycle 14,442 26.8 1.74 [1.63-1.85] 1.24 [11183]
Scooter 29,798 23.3 1.45[1.38-1.52] 1.09 [11.03%]
Motorbike 19,460 17.7 1.03[0.96-1.09] 0.8I7®0.87]
Commercial vehicle 16,916 15.1 0.84[0.79-0.91] 0.93 [0.86-1.00]
Heavy goods vehicle 13,471 14.9 0.83[0.77-0.91] 0.85 [0.78-0.93]
Other 51,870 21.3 1.29 [1.24-1.34] 0.95 [0.989D
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Table 3. (continued)

N % included OR[99.9% CI] OR[99.9% CI] '

Age

55-64 33,324 17.6 Reference Reference

missing 1,247 20.9 1.24 [0.98-1.57] 0.64 [00682]

<18 30,936 22.6 1.37 [1.28-1.46] 0.90 [0.847D.9

18-24 72,688 18.1 1.04 [0.98-1.10] 0.94 [0.889]1

25-34 92,994 17.8 1.02 [0.96-1.07] 1.01 [0.981

35-44 76,559 18.5 1.06 [1.01-1.13] 1.06 [1.0021

45-54 58,402 18.6 1.07 [1.01-1.14] 1.07 [1.014]

65-74 16,387 18.7 1.08 [1.00-1.17] 1.00 [0.9181

>75 9,632 18.8 1.08 [0.98-1.20] 0.92[0.832]1.0
Gender

Men 288,515 17.8 Reference Reference

Women 103,654 20.7 1.21[1.17-1.25] 1.20 [11154]
Injury severity

Unhurt 185,689 10.3 Reference Reference

Killed 9,729 14.4 1.47 [1.33-1.62] 0.96 [0.8617]

Seriously injured 77,087 33.6 4.41 [4.25-4.57] 3.43 [3.29-3.58]

Slightly injured 119,664 22.0 2.46 [2.38-2.55] 2.67 [2.57-2.77]
Location

Urban 265,925 15.3 Reference Reference

Non-urban 126,244 25.3 1.88[1.83-1.93] 114(Q-1.18]
Police forces

Police 281,780 14.1 Reference Reference

Gendarmerie 110,389 29.9 2.60 [2.52-2.67] p216-2.32]
Responsibility

Not responsible 206,290 18.3 Reference Referenc

Responsible 185,579 18.8 1.04 [1.01-1.06] (0a8-0.94]
Alcohol

Negative breath test 301,711 18.5 Reference erBete

Missing 59,135 16.7 0.89 [0.85-0.92] 0.97 [61931]

0 10,181 23.7 1.38 [1.27-1.49] 1.03[0.95-1.12]

0.1-0.5 3,627 17.3 0.93[0.80-1.07] 0.97 [018%3]

0.5-0.8 3,443 16.5 0.87 [0.75-1.02] 0.88 [01763]

0.8-1.2 3,963 19.8 1.09 [0.96-1.25] 0.92 [01806]

1.2-2.0 5,326 26.1 1.56 [1.41-1.73] 0.91 [01822]

>2 4,783 27.6 1.68[1.51-1.88] 0.98[0.880].1

" Crude Odds Ratios

" Odds Ratios adjusted for age, gender, injury sgyerehicle type, crash location, police forces illed in the
police report, alcohol level and responsibilitytssa
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RESULTS
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The first study was interested in estimating thlatronship between the risk of road
traffic crashes and prescribed medicines with &iqudar focus on the relevance of the French
classification system (Chapter 1).

Among the hundred most frequently used therapetaises screened'{4evel of the
ATC classification), seven classes were signifigar@ssociated with the risk of being
responsible for a crash, after adjustment for cisdh individual variables, with all p-value
less than 0.0005. (Table 4)

The effects of benzodiazepines on the risk of ceashwell documented in scientific
literature. Because they have shorter half-livesthenzodiazepines, zolpidem and zopiclone
were presented as alternatives for the treatmemsaimnia and were supposed to present
fewer or no residual effects in the morning follagiiadministration. This is the reason why
we were interested in studying these medicines§&na).

The result found for medicines used in opioid deleeice deserved further

investigation as it is a therapeutic class whichk het received much attention regarding the
risk of crash so far. A more detailed analysidisstpresented in Chapter 3.

Table 4.0dds ratios for responsible road traffic crashes

OR [95% Cl] p

Psycholeptics(N0O5)
Anxiolytics, benzodiazepines derivatives (NO5BA) 49[1.36-1.63] <0.0001
Hypnotics and sedatives, benzodiazepine relategsdidOSCF)  1.29 [1.13-1.47] 0.0002

Psychoanaleptic{N0O6)
Antidepressants, selective serotonin reuptake itung(NO6AB)  1.44 [1.30-1.79] <0.0001
Antidepressants, other antidepressants (NO6AX) fll&B-1.87] <0.0001

Other nervous system druggNOQ7)
Drugs used in addictive disorders, opioid depeneéNO7BC) 1.88 [1.45-2.44]<0.0001

Antiepileptics (NO3)
Carboxamide deririvatives (NO3AF) 2.06 [1.41-2.99D.0002
Fatty acid derivatives (NO3AG) 2.50 [1.75-3.5740.0001

Model computed for 62,766 drivers without missiredues for the adjustment variables
Odds Ratios adjusted for age, gender, socioeconcatégjory, year, month, day of week, time of dagation,
vehicle type, alcohol level, injury severity
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CHAPTER 1:THE FRENCH CLASSIFICATION SYSTEM
AND THE RISK OF ROAD TRAFFIC CRASHES
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Introduction

Within the European Union, it is mandatory for aphaceutical company to provide
data regarding the effects of a medicinal drug lon dbility to drive and to use machinery
prior its commercialization. It is this informatiomhich is used to write the Summary of
Product Characteristics and the package ifderEurope, there are several classification and
labeling systems regarding medicines and drivirggn& of the member states, such as France
(since 1999), have been complementing the infoonatith a unique triangular pictogram
on medicine packaging. More than 3,000 medicindhifd of the 9,000 medicines marketed
in France) were labeled with this pictogram betw&889 and 2005. The risk being unequal
between medicines, this labeling system was coresiidas not enough informative and it was
decided to adopt a grading system, following a estjrom the French governmental
committee for road safety to the Afssaps. A workgngup, formed in majority with experts
from the pharmacovigilance, marketing authorizatiand narcotics and psychotropics
commissions elaborated this classification in fewels of risk. The grading method was
developed in order to be reproducible and consttatbavailable data: pharmacodynamic
effects, individual sensitivity, conditions of usé each medicine, pharmacovigilance data,
experimental and accidentological dafa.

Level O Medicinal products with no pharmacodynamic effiicely to alter the ability to
drive, in the present state of knowledge. (6,288iniees)

Level 1: Medicinal products which do not generally questibe ability to drive but require
patient information. (1,190 medicines)

Level 2 Medicinal products which could affect the abilitydrive and require medical advice
before use. (1,601 medicines)

Level 3 Medicinal products which affect the ability tawdr during their use. (194 medicines)

For the last three levels, a graded pictogramirggnt on medicine packs. Risk levels
are illustrated by three colors and a written wagrfollowed by a short informative message
on the attitude patients should adopt when usirgehmedicines. This driving warning

system was gradually set up over the 2005-200®&geri

Quantitatively, the Afssaps’risk gradation is dlstited as follows:
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Table 5. Afssaps’risk gradation

Therapeutic class (ATC) Level1 Level2 Level3
Digestive tract and metabolism (A) 80 196 1
Cardiovascular system (C) 348 28 0
Genito-urinary system (G) 80 21 0
Anti-infectives for systemic use (J) 82 159 0
Antineoplastics and immunomodulating agents (L) 39 120 0
Musculoskeletal system (M) 153 43 14
Nervous system (N) 90 902 157
Respiratory system (R) 128 75 1
Ophtalmology (S) 120 29 14

The Afssaps noted that this classification is kabbd change due to new data, in
particular data generated from epidemiological isidvhich are very few on this subject.
That is why the Afssaps is contributing to the &3\ study.

Objectives

The aim of this first study was to estimate theoamsdion between medicine use and
the risk of injurious road traffic crashes, as wadl the fraction of crashes attributable to
medicine use in France with a particular focus loa relevance of the classification system
implemented since 2005.

Methods

Responsibility analysis

The associations between responsibility and agedege socioeconomic category,
year, month, day of week, time of day, locatiorigke type, alcohol level and injury severity
were initially investigated using bivariate anatysassociated variables were included in the
multivariate model when their p-value was less tBafo (Chi-squared test). This was the
case for all variables except the year of crashclwhvas forced into the model because
prescription patterns may have change between @@5-2006 and 2007-2008 periods.
Further analyses adjusted for the presence of temg-chronic diseases. We tested the
interactions between exposure and each of the tatgus variables.
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Attributable fraction

The population attributable fraction can be intetpd as the proportion of cases that
would be prevented following elimination of the espre, assuming the exposure is causal.

When adjusted odds ratios are used, attributalaletibns are estimated from the
prevalence of exposure in cases, using the follgdanmula: p * [(OR-1)/OR] where p is the
proportion of cases exposed to the risk factor@Rcthe adjusted odds ratiG.

Estimation of the confidence intervals was compuigidg the bootstrap method. The
method relies on resampling by reconstruction ef gample population with replacement.
The logistic regression model is run in each sam@ading to an attributable fraction
estimate in each sample. Confidence intervals atinated from the 2"5and the 975
percentiles of the distributioff.”®

In the present study, we performed 500 simulatiasigch is a fair compromise
between the high number of simulations to obtaiacige estimates and the computing

limitations due to the high number of subjectshia tlatabase.

Case-crossover analysis

In France, the duration of a treatment dispensédegpharmacy cannot usually exceed
30 days (almost without exception, i.e. contraceppills), so the duration of the wash-out
period was 30 days.

Results

Twenty seven percent (n=19,777) of the driversuded in the study were exposed to
at least one prescribed medicine on the crashTdare were 13,167 drivers (18%) exposed to
at least one prescribed medicine of level 1, 2. dii& detail is provided in Table 6.
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Table 6. Number of exposed drivers on the crash ddyy level of risk

Number of medicines Exposed drivers

Level 0 medicines 15,715 (21.6%)*

A W DN P

>4
maximum level O
Level 1 medicines

A W DN P

>4
maximum level 1
Level 2 medicines

A W DN PP

>4
maximum level 2

Level 3 medicines
1
2
3
4
3

maximum level

6,917
3,757
2,161
1,233
1,647

6,610

7,415 (10.2%)*
5,681
1,361

315
49
9
4,432

8,268 (11.4%)*
5,102
2,029

745
253
139
6,733
1,982 (2.7%)*
1,724
234
23
1
1,982

* exposed to at least one medicine of the riskllevesidered

T only considering exposure to medicine of the highasel of risk

Table 7 shows the main pharmacotherapeutic classgton the crash day among level

2 and 3 medicines by ATC clas$’(®vel of the ATC system).
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Table 7. Level 2 and level Pharmacotherapeutic classessed on the crash day.

ATC class Level 2 medicines Level 3 medicines
Total 13,147 2,265
Alimentary tract and metabolism (A) 1,056 -
Insulins and analogues (A10A) 370 -
Blood glucose- lowering drugs, excl. insulins (ALOB 668 -
Cardiovascular system (C) 196 -
Antiadrenergic agents, centrally acting (C02A) 195 -
Musculoskeletal system (M) 277 -
Muscle relaxants, centrally acting (MO3B) 248 -
Nervous system (N) 10,870 2,265
Opioids (NO2A) 1,935 2
Antimigraine preparations (N02C) 337 -
Antiepileptics (NO3A) 1,053 -
Anti-Parkinsonian drugs (NQ4 175 -
Antipsychotics (NO5A) 804 8
Anxiolytics (NO5B) 2,843 471
Benzodiazepine derivatives (NO5BA) 2,362 471
Antidepressants (NO6A) 3,122 -
Selective serotonin reuptake inhibitors(NO6AB) B18 -
Hypnotics and sedatives (NO5C) - 1,784
Benzodiazepine derivatives (NO5CD) - 295
Benzodiazepine related drugs (NO5CF) - 1,196
Hypnotics and sedatives in combination, - 293
excl. barbiturates (NO5CX)

Drugs used in addictive diseases (NO7B) 443 -
Drugs used in alcohol dependence (NO7BB) 69 -
Drugs used in opioid dependence (NO7BC) 374 -
Antihistamines for systemic use (R) 327 -
Phenothiazine derivatives (RO6AD) 216 -

Some drivers may have been exposed to severabsglest from the same pharmacological subgroup, iexmpda
the difference with the number of exposed driveesented in Table 6.

When adjusted for variables found to be assocwattdresponsibility in the crash (age,
gender, socioeconomic category, year, month, dayeek, time of day, location, vehicle type,
alcohol level, injury severifyand for medicines of other levels, the use oéast one medicine
of level 2 or level 3 was associated with the $koeing responsible for a crash (OR=1.31
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[1.24-1.40] and OR=1.25 [1.12-1.40]). The use ofele0 medicines was associated with a
decreased risk of being responsible for a crash=0#2 [0.88-0.97]). The risk of being

responsible for a crash was not significant forrisk level 1 (Table 8). The fractions of road
traffic crashes attributable to levels 2 and 3 mieéi use were 3.0% [2.4%-3.5%] and 0.7%
[0.4%-0.9%] respectively. The global fraction iitable to both level 2 and 3 medicines
(considering exposure to level 2 and/or level 3 icieds on the crash day) was 3.3% [2.7%-
3.9%]. The associations remained significant adidjustment for long-term chronic diseases
(OR=0.92 [0.88-0.97] for level 0, OR=1.30 [1.228].30r level 2 and OR=1.24 [1.11-1.39]

for level 3). There was no interaction of expostoemedicines with alcohol consumption

(p=0.84 for level 2 and p=0.23 for level 3). Théommation on alcohol level was missing for
9,919 subjects (13.6%). Excluding these subjeatsnfithe univariate analysis led to no
significant change in estimated odds ratios. Wenditfind any interaction between the use of
level 2 or level 3 medicines and the adjustmeniaées.

Table 8.0dds ratios for responsible road traffic crashes irusers of prescribed medicines.

Exposed g o505 oy EXPOSEd p o506 cl ¢ OR[95% CIp |
drivers drivers
Level 0 15,715 0.92[0.88-0.95* 13,702 _ 0.92[0.88-0.97] _ 0.92 [0.88-0.97]*
Level 1 7415 0.96[0.92-1.01] 6478  0.96[0.9021.0 0.95 [0.89-1.01]
Level 2 8,268  1.24[1.19-1.30["* 7,102  1.31[1.24-1.40[** 1.30 [1.22-1.38]**
Level 3 1,982  156[1.42-1.71%* 1,679 1.25[L1.12-1.40["* 1.24[1.11-1.39]*

Reference group = drivers not exposed to mediafdse risk level considered

" Crude Odds Ratios

* Model computed for 62,766 drivers without missiradues for the adjustment variables

8 Odds Ratios adjusted for age, gender, socioeconcatggory, year, month, day of week, time of day,
location, vehicle type, alcohol level, injury seitqeand other level medicines

I 0dds Ratios adjusted for age, gender, socioeconcatggory, year, month, day of week, time of day,

location, vehicle type, alcohol level, injury seityerlong-term chronic diseases and other levelinieds
* p<0.01, ** p<0.001, *** p<0.0001

Among level 2 medicines, the risk of being respblesfor a crash was significant for
medicines used in diabetes (A10), antiepilepticB3\N psycholeptics (NO5), psychoanaleptics
(NO6) and other nervous system drugs (NO7). Thesadtlo for psycholeptics belonging to
level 3 medicines corresponded to the odds ratimated for all level 3 medicines (Table 9).
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Table 9.0dds ratios for responsible road traffic crashes irusers of prescribed medicines by ATC
classes.

Exposed
_ ) OR[95% CI] *

drivers
Level 2
Drugs used in diabetes (A10) 795 1.20 [1.03-1.40]*
Antihypertensives (C02) 172 1.07 [0.78-1.47]
Muscle relaxants (M03) 219 0.82 [0.62-1.09]
Analgesics (N02j 1,845 1.04 [0.94-1.15]
Antiepileptics (NO3) 755 1.41[1.21-1.65]***
Anti-Parkinson drugs (N04) 125 1.15[0.79-1.68]
Psycholeptics (N0S) 2566 1.27 [1.15-1.40]***
Psychoanaleptics (NOB) 2572 1.31 [1.19-1.44]***
Other nervous system drugs (N67) 369 1.46 [1.16-1.84]**
Antihistamines for systemic use (R06) 267 1.05[0.81-1.35]

Reference group = drivers not exposed to the meglicdbnsidered

T Model computed for 62,766 drivers without missiragues for the adjustment variables

¥ Odds Ratios adjusted for age, gender, socioeconcatggory, year, month, day of week, time of day,
location, vehicle type, alcohol level, injury seitqgrlong-term chronic diseases and other medicines
$Including opioids (N=1585), other analgesics antipgretics (N=22) and antimigraine preparations 28%)
I Including antipsychotics (N=558) and anxiolyticsS2250)

T Including antidepressants (N=2509), psychostinsl@N=56) and anti-dementia drugs (N=33)

T Including drugs used in alcohol dependence (N=8ligs used in opioid dependence (N=295), antiyerti
preparations (N=7) and other nervous system diNg4 §)

* p<0.05, ** p<0.001, *** p<0.0001

The risk of being responsible for a crash gradualtyeased from 1.14 [1.06-1.22] for
users of one medicine of level 2 or 3 to 1.88 [12585] for users of more than 3 medicines of
level 2 or 3 (Table 10).
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Table 10. Odds ratios for responsible road traffic crashes bynumber of level 2 and/or level 3
medicines used.

Number of level 2 /

level 3 medicines Exposed drivers OR.[95% CI] '
0 55,264 Reference
1 4,259 1.14 [1.06-1.22]
2 1,829 1.30 [1.17-1.48]
3 817 1.86 [1.59-2.16]
>3 597 1.88 [1.58-2.25]

" Odds Ratios adjusted for age, gender, socioecancaégory, year, month, day of week, time of day,
location, vehicle type, alcohol level and injuryesty
* p<0.001, ** p<0.0001

Results from the case-crossover analysis showedltiatEally significant association
between the use of level 3 medicines and the riskoad traffic crash. There was no
association with level 0, level 1 and level 2 medis (Table 11).

Table 11. Case crossover analysis - Odds ratios for road trA€ crashes in users of prescribed
medicines.

Exposed drivers OR [95% CI] ¥

Level 0 4,047 1.02 [0.98-1.07]
Level 1 2,249 1.02 [0.96-1.08]
Level 2 3,131 1.00 [0.95-1.05]
Level 3 896 1.15 [1.05-1.27]*

T drivers exposed in the case period and not expiosthé control period

¥ only considering exposure to medicine of the highasel of risk
* p<0.01

Orriols L, Delorme B, Gadegbeku B, Tricotel A, Camd B, Laumon B, Salmi LR and Lagarde E, on betialf
the CESIR research group. Prescribed medicinestendsk of road traffic crashes: results of a Eteregistry-
based study. Revision submitted; Plos Medicine p@kualix 5)
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CHAPTER 2 BENZODIAZEPINE-LIKE HYPNOTICS
AND THE RISK OF ROAD TRAFFIC CRASHES

47



Introduction

Barbiturates were the first medicines used in teatinent of sleep disturbances.
Unfortunately, because of their secondary effes¢sdre sedation during daytime, tolerance,
high abuse potential), their use was abandonedbandodiazepines became the first-choice
pharmacological treatment for the relief of sleegtudbances.

Benzodiazepines are commonly prescribed as hymnfatidhe treatment of insomnia.
The clinical effects (i.e. sedation) should occurinly a limited time (a few hours after
bedtime administration) in order to avoid any rasideffect the next dayThe use of
benzodiazepines in the treatment of insomnia has keclining over the last decades while
at the same time, the prescriptions of the non-bdiazepine hypnotics, zolpidem and
zopiclone have been increasing substantially. Imop®, zolpidem was introduced into
clinical practice in 1988, zopiclone in 1985. Iretbnited States, zolpidem was approved by
the Food and Drug Administration in 1992. In the,USpiclone is not commercially
available although its active stereoisomer, eszopeis sold under the name Lunesta® since
2005. These rapidly acting hypnotics have beenldped to avoid next-day sedation. Indeed,
zolpidem and zopiclone are benzodiazepine-like btips with short elimination half-lives
(2.5 and 5 hours respectively). The latter molesulere chemically unrelated to
benzodiazepines, despite sharing with them seddtiyenotic, anticonvulsant, myorelaxant
and amnestic effects. These effects are linked $pexific agonist activity at sites on the
GABA-A receptor complex. Zolpidem is an imidazoglynie, binding preferably to the alpha-
1 subunit of the receptor which is believed to ragglithe sedative and hypnotic properties.
This selectivity for GABA-A receptors containingplb-1 subunits may partially explain
zolpidem narrower spectrum of pharmacological éffeelative to benzodiazepines (less
tolerance and lack of anticonvulsant and anxiolgticperties when used at hypnotic doses).
Zopiclone belongs to the cyclopyrrolone class antikss selective than zolpidem in binding
to the GABA receptor subunit® ’’

Several pharmacoepidemiological studies have shothiat patients using
benzodiazepine hypnotics are at increased riskoad rtraffic crashes. The duration of the
sedative effect partly depends on drug kineticegltalf-life benzodiazepines have been
shown to be associated with an increased risk ad toaffic crashes whereas, in the same
study, short half-life benzodiazepines have hbtHowever, hypnotics with a short half-life
can have residual effects, depending on individaaponses to the drug and on the actual
conditions of use’’ Despite their importance in the sleep medicineketarthere are few
epidemiological studies of their effects in theesdtific literature. A case-crossover study
conducted in the UK showed that the use of zop&las associated with an increased risk
of road traffic crashes (OR=4.00 [1.31-12.2}}. A recent Norwegian study found an
increased risk of traffic crashes in drivers whal maceived a prescription for zopiclone as
compared with non-users (SIR=2.3 [2.0-2.81)Two literature reviews on residual effects of
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hypnotics recommended that users of zopiclone shbeladvised not to drive whereas the
use of zolpidem was considered saféf® However, zolpidem has recently been also found to
be associated with an increased risk of road traffashes (SIR=2.2 [1.4-3.4}}

Objectives

The aim of our study was to provide further insggiito the impact of zopiclone,
zolpidem and benzodiazepine hypnotics on the riskoad traffic crashes, using a large
database extracted from national population-basgidtries.

Methods

Medicines and exposure periods

Zopiclone and zolpidem

In France, zopiclone is available as 3.75 mg abdmg pills while zolpidem is only
dispensed as 10 mg divisible pills. Exposure donatvas estimated from the number of drug
boxes dispensed and the number of pills in each Weéar elderly people (>65 years old)
taking zolpidem, it is recommended to reduce theedto 5 mg so the duration of the
estimated exposure period was doubled for this jatipn. °

Benzodiazepine hypnotics
Treatment duration for each benzodiazepine hypnetis estimated using median
values from the EPPM survey on medicine prescipitioFrance.

Concomitant exposure

We have previously shown that users of level 2 Zintedicines were at higher risk of
being responsible for the cradfl.Consequently, analyses were adjusted for the Liséher
medicines grouped according to the French classidic system. The exposure duration was
estimated as described above for benzodiazepines.

Descriptive analysis

The frequencies of exposures to zopiclone, zolpidenbenzodiazepine hypnotics
were compared according to individual and crashadtaristics in a bivariate analysis, using
Chi-squared tests. Multivariate analysis was peréat by logistic regression.
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Prescription patterns

We explored the number of dispensations in therexths before the crash to see if
there were any differences between zolpidem anctiooe.

Responsibility analysis

The model included terms for age, gender, socicmoan category, day of week and
time of crash, vehicle type, injury severity, bloaldohol level, concomitant treatments and
chronic long-term disorders.

Case-crossover analysis

In France, no more than 30 day's worth of treatnwatit benzodiazepines may be
dispensed by pharmacies, so the duration of th@swwasperiod was 30 days.
The duration of the wash-out period for zopiclome @olpidem was determined by thé"95
percentile of the exposure period distribution. sSTihas computed from the estimation of
exposure distribution described above (number d8*pumber of boxes) in all subjects
exposed to these medicines. This led to a waslipenind of 56 days for the two medicines.
(Appendix 6)

Results

Table 12 shows that exposures were more frequeahgmwomen, drivers aged more than 45
years and retired or unemployed drivers. Propostioh exposed drivers were also higher
among those under the influence of alcohol. Hymnetposures were more likely among
drivers involved in single-vehicle crashes, ocagrion highways and, in the case of
benzodiazepines, occurring in the morning.
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Table 12. Exposure to zopiclone, zolpidem and bendiazepine hypnotics on the crash day

according to drivers and crashes characteristics

T

T

N Exp(_)sed tc pT:c Expo_sed to p . Exposed tc p .
zopiclone  (p) zolpidem (p) BZD (p)
n (%) n (%) n (%)

72,685 455 (0.6) 685 (0.9) 289 (0.4)
Gender (<09l00002061 (:8:8881 (:8:8881
Men 49,770 267 (0.5) 375 (0.8) 161 (0.3)
Women 22,915 188 (0.8) 310 (1.4) 128 (0.6)
Age <0.0001 <0.0001 <0.0001

(<0.0001 (<0.0001 (<0.0001

<18 3,055 2(0.1) 0 (0.0) 0 (0.0)
18-24 14,814 19 (0.1) 18 (0.1) 14 (0.1)
35-34 16,666 56 (0.3) 84 (0.5) 27 (0.2)
35-44 15,488 104 (0.7) 122 (0.8) 73 (0.5)
45-54 11,796 136 (1.2) 159 (1.4) 97 (0.8)
55-64 5,990 71(1.2) 130 (2.2) 48 (0.8)
65-74 2,837 36 (1.3) 108 (3.8) 13 (0.5)
>75 2,039  31(15) 64 (3.1) 17 (0.8)
Socio-economic <0.0001 <0.0001 <0.0001
category (0.0144) (<0.0001) (<0.0001)
professional ocoupations 2784 16 0) 19 07) 8 (03)
Intermediate occupations24,984 125 (0.5) 175 (0.7) 70 (0.3)
Workers 11,887 40 (0.3) 61 (0.5) 33 (0.3)
Retired 6,449 94 (1.5) 200 (3.1) 52 (0.8)
Unemployed 3,021 34 (1.2) 49 (1.6) 20 (0.7)
Other/missing 16,014 124 (0.8) 165 (1.0) 95 (0.6)
Student 7,546 22 (0.3) 16 (0.2) 11 (0.2)
oo e o
Unhurt 19,093 96 (0.5) 157 (0.8) 61 (0.3)
Slightly injured 26,327 176 (0.7) 258 (1.0) 113 (0.4)
Seriously injured 25,864 173 (0.7) 248 (1.0) 107 (0.4)
Killed 1,401 10 (0.7) 22 (1.6) 8 (0.6)
Alcohol (<0.0001) (<0.0001) (<0.000)
<05 58,700 318 (0.5) 528 (0.9) 213 (0.4)
0.5-1.2 1,354  15(1.1) 23 (1.7) 10 (0.7)
1.2-2.0 1,392 24 (1.7) 27 (1.9) 14 (1.0)
>2 1,320 21 (1.6) 22 (1.7) 8 (0.6)
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Table 12. (continued)

t t

Exposedtc p Exposed tc p Exposed tc pJr

N zopiclone (p)*  zolpidem  (p)¥ BZD O
n (%) n (%) n (%)
Time of da 0.1441 0.0005 0.0033
y (0.6426) (0.8779) (0.0188)
04.00 - 08.59 11,001 56 (0.5) 85 (0.8) 36 (0.3)
09.00 - 11.59 9,804 77 (0.8) 121 (1.2) 59 (0.6)
12.00 - 17.59 28,895 178 (0.6) 297 (1.0) 120 (0.4)
18.00 - 22.59 18,696 120 (0.6) 147 (0.8) 63 (0.3)
23.00 - 03.59 4,289 24 (0.6) 35(0.8) 11 (0.3)
Accident t 0.0265 0.0143 0.0118
cciaent type (0.1320) (0.0315) (0.0474)
1 vehicle
Highway 1,303 8 (0.6) 19 (1.5) 12 (0.9)
Secondary road 7,896 65 (0.8) 92 (1.2) 42 (0.5)
Urban 4,941 39 (0.8) 61 (1.2) 20 (0.4)
> 2 vehicles
Highway 3,827 20 (0.5) 35 (0.9) 14 (0.4)
Secondary road
Intersection 6,313 28 (0.4) 4810.8 16 (0.3)
No intersection 23,129 142 (0.6) 193 (0.8) 80 (0.4)
Urban
Intersection 11,973 59 (0.5) 1101 48 (0.4)
No intersection 11,879 84 (0.7) 112 (0.9) 52 (0.4)

Reference group=not exposed to the medicine coregide
" Bivariate analysis

*Multivariate analysis, model computed for 61,56i¢ehs without missing values

Exposure to zolpidem was associated with an ineceask of being responsible for a
crash (OR=1.28 [1.07-1.53]), whereas exposure pmclmne was slightly associated with a
decreased risk (OR=0.78 [0.64-1.00]) and there wasassociation for benzodiazepine
hypnotics (OR=1.24 [0.95-1.63]) (Table 13). We dat find any interaction between the use
of the medicines of interest and the adjustmenaibgs.
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Table 13.Odds ratios for responsible road traffic crashes inusers of zopiclone, zolpidem and
benzodiazepines

_ : Exposed s
Exposed drivers OR [95% CI] _ . OR [95% CI]
drivers
Zopiclone 455 1.17 [0.97-1.41] 378 0.78 [0.64-1*00]
Zolpidem 685 1.57 [1.35-1.83]*** 600 1.28 [1.07-1.53]**
BZD hypnotics 289 1.60 [1.26-2.02]*** 245 1.24 [0.95-1.63]

Reference group = drivers not exposed to medigoesidered

" Crude odds ratios

¥ Model computed for 62,766 drivers without missiragues for the adjustment variables

$ Odds ratios adjusted for age, gender, socioeconcatggory, year, month, day of week, time of dahisle
type, alcohol level, injury severity, concomitapesure and long-term chronic diseases

* p<0.05, ** p<0.01, *** p<0.0001

Further analysis showed that, out of the 600 dsiwxposed to zolpidem on the crash
day, the responsibility risk was only increasedhi@ 139 drivers exposed to zolpidem on the
day of crash and who had dispensing data corregpgpnd more than one pill a day during
the five months period preceding the crash. Theesponding odds ratio was 2.38 [1.61-
3.52] versus 1.07 [0.88-1.31] for the remaining 4patients with a lower level of
consumption.

Dispensation patterns were not different betwedpidem and zopiclone. About half

of the subjects exposed in the six month periodreethe crash, had only one dispensation.
(Figure 5)

Figure 5. Dispensation patterns among all zopiclonand zolpidem users
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Results from the case-crossover analysis showedtiatigally significant association
between the risk of road traffic crash and the ok&enzodiazepine hypnotics (OR=1.42
[1.09-1.85]) and no association for zopiclone dptem (Table 14).

Table 14.Case-crossover analysis - Odds ratios for road tr&€ crashes

Exposed drivers ~ OR [95% CI]

Zopiclone 243 1.17 [0.97-1.41]
Zolpidem 313 1.05 [0.90-1.24]
BZD hypnotics 135 1.42 [1.09-1.85]*

T drivers exposed in the case period and not expiosthé control period
* p<0.01

Orriols L, Philip P, Moore N, Castot A, Gadegbeku®lorme B, Mallaret M and Lagarde E, on behalfhaf
CESIR research group. Benzodiazepine-like hypnaitd the risk of road traffic crashes. SubmittetijJB
(Appendix 7)
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CHAPTER 3 MEDICINES USED IN OPIOID
DEPENDENCE AND THE RISK OF ROAD TRAFFIC
CRASHES
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Introduction

Opioids are used in different clinical indications1 pain treatment (codeine,
dextropropoxyphene,...) and in opioid dependencehau®ne and buprenorphine). Their
effects on psychomotor and cognitive functioningeehdbeen shown to depend on the
particular opioid and dose involved, the populastudied, and the length of opioid use.

The agents for substitution therapy of opioid dejeeice have some opioid properties
but they also prevent the emergence of withdrawalpgoms and reduce craving.
Methadone is indicated in the treatment of majoarptacodependence on opioids, and in
particular on heroine. When they consume opioidsg é&ddicts seek euphoric effects using
short half-life products with a high plasma concatibn peak. Methadone has a long half-life
and a small plasma concentration peak, decreasiagng and avoiding the euphoria
sensation®! Moreover, because of its full agonist action, radtine has a full opioid effect
and consequently this treatment is able to supm@ssomitant heroin use. This later property
also induce severe withdrawal syndrome becauseanetie produce/maintain dependence on
opioids.®
Buprenorphine is a partial agonist and exerts weak®oid effects which may be less
satisfying to patients. However, this action appd¢armake buprenorphine safer in overdose.
Other benefits may in particular include an easigndrawal phase’

Substitution treatments, buprenorphine and metlgdasbtained a marketing
authorization in France in 199% Dispensation rules are different between methador
buprenorphine. The first prescription of methadonest be filled in by a medicine doctor in a
specialized care center for drug addicts or in altheare center. Consequently, the first
dispensation is made in the pharmacy of these reatel not in community pharmacies. This
is not the case for buprenorphine. Both medicinastrbe prescribed on a specific form for
controlled subtancé$.

Medicines used as substitution maintenance themepyrescribed in relatively stable
doses over a long period of time (usually more iamonths)®°
It seems that some opioids impair psychomotor aagnitive functioning in healthy
volunteers who have no history of opioid abu&2.*® Particularly, clinical doses of
buprenorphine have been reported to impair rea¢itine, muscle coordination, attention and
short-term memory in opioid-naive healthy volunse&f 8’ Likewise, single oral dose of
methadone increased reaction time and impairedpcaobrdination®® %
The effects on driving skills of long-term use ¢fi@ds, for the treatment of pain or opioid
dependence, have been reviewed by Fishbaial in 2003.%° The majority of the studies
indicated that opioids appear not to impair drivietated skills in opioid-dependent patients.
Similarly, two studies showed no differences inffitarelevant performances between

patients maintained on buprenorphine or methadndénaalthy controls’™* %2
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Available epidemiological studies on the effectsopfoids on the risk of road traffic
crash assessed the impact of medicines used agesital especially codeine. The crash risk
has been found to be increased by two-fold in tudliss using prescription database$®
Other studies used blood and/or urine samples tectdéhe presence of opioids in drivers
involved in a crasfh® %! 2° Only one of these studies found an associatiomdsn opiates and
the risk of crash (OR=8.2 [2.5-27.3f)In such designs, no distinction can be made betwee
licit and illicit use.

Some epidemiological studies are available on ndeth@ maintenance and road
traffic crashes or traffic violatiomS.They were conducted in the United States in ths. 70
study comparing 798 methadone maintained patien&/9® controls showed no differences
neither in convictions for motor vehicle violatignsor in road traffic crashes rates. The rate
of road traffic crashes in these patients was ifterdnt from the rate for New York Stat¥.

In 1977, Madduxet al showed that methadone maintenance was not asshaeiath road
traffic crashes in Texas: Another study did not evidence any differencesriashes and
driving convictions rates between 448 patients imethadone treatment program and 182
controls.® These studies are old and there is no data omibect of buprenorphine.

In France, no epidemiological data are availalbieesibuprenorphine and methadone
obtained their marketing authorizations in 1995/onl

Objectives

The objective of the present study was to provugher data in order to improve
current knowledge on the risk of road traffic ceslamong users of substitution maintenance
treatments.

Methods

Medicines and exposure periods

Methadone and buprenorphine

French legislation imposes a strict framework fog prescription and dispensation of
these medicines. Methadone is prescribed on aadecm, for no more than 14 days, non
renewable. Buprenorphine is also prescribed oneaiapform, for a maximum of 28 days,
non renewable. Usually, pharmacists are allowedigpense 7 day's worth of treatment with
methadone or buprenorphine except if the pracgtionentioned “to dispense at onc¥”.
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The exposure period was estimated from the moguéetly observed delay between two
dispensations as measured in our database. Thay gebved to be 7 days for the two
medicines, which corresponds to the legislatiompp@ndix 8)

Concomitant exposure

We previously showed that users of level 2 and 8liomes were at higher risk of
being responsible for the cra&hConsequently, analyses were adjusted for the fis¢her
medicines grouped according to the French classific system.

Descriptive analysis

The frequencies of exposures to methadone or bogpbkime were compared
according to individual and crash characteristics iunivariate analysis, using Chi-squared
tests or Yates' correction when expected frequenerere less than 5 and more than 3.

Multivariate analysis was performed by logisticneggion.

Responsibility analysis
The model included terms for age, gender, socicmoan category, time of crash,

season, region of France where the crash occuNedh or South of France), location,
vehicle type, injury severity, blood alcohol levehncomitant treatments and chronic long-
term disorders.

Case-crossover analysis

The duration of the wash-out period for methadareklzuprenorphine was determined
by the 98' percentile of the observed durations between tispethsations for each subject.
The wash-out period was 35 days for buprenorphime22 days for methadone. (Appendix
8)

Results

Exposures were higher among men, young driversuaeducated drivers. Proportions
of exposed drivers were also higher among thoseruhé influence of alcohol and using other
medicines of in the level 3 group according tofnench classification. (Table 15)
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Table 15. Exposure to buprenorphine or methadone othe crash day according to drivers and
crashes characteristics

N Exposed p' p*
n (%)

72,685 196 (0.3)
Gender <0.0001 0.0007
Men 49,770 167 (0.3)
Women 22,915 29(0.1)
Age <0.0001  <0.0001
<29 25,026 73 (0.3)
29-38 15,701 88 (0.6)
39-48 14,700 33(0.2)
>49 17,258 2 (0.01)
Socio-economic category <0.0001 <0.0001
Professional driver 2,283 8 (0.4)
Independent occupations 2,438 2(0.2)
Higher a_md other intermediate 22,659 33 (0.1)
occupations
Workers and farmers 12,273 73 (0.6)
Unemployed and retired 9,470  29(0.3)
Other/missing 16,014 48 (0.3)
Student 7,546  3(0.04)
Injury severity <0.0001 0.1191
Unhurt 19,093 40 (0.2)
Slightly injured 26,327 61 (0.2)
Seriously injured 25,864 81 (0.3)
Killed 1,401 14 (1.0
Alcohol <0.0001 0.0216
<05 58,700 126 (0.2)
0.5-1.2 1,354 10 (0.7)
1.2-2.0 1,392 12(0.9)
>2 1,320 11 (0.8)
Level 2 medicines <0.0001 0.9618
Non exposed 64,613 196 (0.3)
Exposed 8,072 0 (0.0)
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Table 15. (continued)

N Exposed p p
n (%)

Level 3 medicines
Non exposed
Exposed

Day of week
Week
Saturday
Sunday

Time of day

05.00 - 10.59
11.00 - 13.59
14.00 - 19.59
20.00 - 22.59
23.00 - 01.59
02.00 - 04.59

Region
North
South

Accident type
1 vehicle
Highway/secondary road
Urban
> 2 vehicles
Highway
Secondary road
Intersection
No intersection
Urban
Intersection
No intersection

<0.0001 <0.0001

70,703 147 (0.2)
1,982 49 (2.5)
0.4878  0.1208
53,885 152 (0.3)
10,565 23 (0.2)
8,235 21 (0.3)
0.0011  0.5555
16,580 33 (0.2)
11,430 29 (0.3)
32,740 78(0.2)
6,936 31 (0.4)
3,154 17 (0.5)
1,845  8(0.4)
0.0009  0.0002
35,167 118 (0.3)
37,518 78(0.2)
0.0002  0.1817
9,199 45 (0.5)
4,941 18(0.4)
3,827  6(0.2)
6,313 9(0.1)
23,129 49 (0.2)
11,973 32(0.3)
11,879 36 (0.3)

Reference group=not exposed to the medicine coregide

" Bivariate analysis

*Multivariate analysis, model computed for 61,56i¢ehs without missing values
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Forty nine drivers (25% of the 196 buprenorphinel/an methadone users) were
exposed to one or more other nervous system medicin the day of crash, compared to only
2.7% of non-exposed drivers (1,933/72,489). Theberomedicines used concomitantly to
substitution maintenance treatments are listechiniél 16.

Table 16. Level 3 medicines used concomitantly ohd day of crash

Medicine (ATC class) Exposed drivers*
Fentanyl (NO2ABO03) 1
Pipotiazine (NO5AC04) 1
Diazepam (NO5BA01) 10
Oxazepam (NO5BA04) 10

Potassium clorazepate (NO5BAOQ5) 6
Flunitrazepam (NO5CDO03) 6
Lormetazepam (NO5CDO06) 3
Zopiclone (NO5CFO01) 7
Zolpidem (NO5CF02) 8

3

4

Hypnotics and sedatives in combination, excl.
barbiturates (NO5CX)
Meprobamate, combinations (NO5CX01)

* Some drivers were exposed to several other nerggstemmedicines

Adjusted responsibility analysis showed a two-fiolckeased risk associated to the use
of substitution maintenance therapy (Table 17).

Table 17. Odds ratios for responsible road traffic crashes inusers of buprenorphine and/or
methadone

Exposed drivers OR[95% CI] T Exposed drivers*  OR [95% CI] ®

Buprenorphine 133 2.87 [1.97-4.19]*** 111 2.16 [1.39-3.36]**
Methadone 61 2.33[1.31-3.96]* 50 1.93 [1.03-3.62]*
Buprenorphine

196 2.78 [2.04-3.80]*** 159 2.19 [1.51-3.16]***
and/or methadone

Reference group = drivers not exposed to medianasidered

" Crude odds ratios

¥ Model computed for 62,766 drivers without missiragues for the adjustment variables

8 0dds ratios adjusted for age, gender, socioeconcatégory, region, location, time of day, monthyicke
type, alcohol level, injury severity, concomitampesure and long-term chronic diseases

* p<0.05, ** p<0.001, *** p<0.0001
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The case-crossover analysis found no associatittmeba exposure to buprenorphine
and/or methadone and the risk of road traffic c(dsiiole 18).

Table 18.Case-crossover analysis - Odds ratios for road tr&€ crashes

Exposed drivers  OR [95% CI]

Buprenorphine
97 1.26 [0.93-1.70]
and/or methadone

T drivers exposed in the case period and not expiostb@ control period
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DISCUSSION
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The process of national ID extraction and matcHedy to the inclusion of 72,685
drivers involved in an injurious road traffic cragfiving unprecedented statistical power for a
study on the impact of medicines on the risk ofdrdaffic crashes. However, due to the
inclusion procedures, selection biases may hagerari

Police reports are supposed to be filled in bygaoforces for each road traffic crash
with personal injury and the information is compigted in the police national database of
injurious crashes. It is recognized that these detancomplete. Indeed, some police reports
are not sent to TransPV. Conversely, some scanodepreports are not coded in the
national database of injurious crashes. Usually réio PV/BAAC is around 91% and this is
the figure we obtained in our study (210,818/23%)97

In our study, for 10% of the individuals identifigd police reports, the corresponding
BAAC record was not found, meaning that in someesathe BAAC was partially filled in
(the crash can be found but not the individual imed) or not filled in at all.

Secondly, police forces tend to report the moseseerashes. An analysis of selection biases
in police forces records showed that there is ateunreporting of victims of single-vehicle
crashes and of cyclists. Seriously injured victiare less under-reported. However, the
appreciation of injury severity by police forcesesf exaggerates the victim’s conditich.
Regarding this information, the inclusion rate &5P6 we estimated from the number of
drivers registered over the study period in thageohational database of injurious crashes
may be over-estimated since the real number of tradiic crash victims is unknown.

The national ID is present in police reports inyoR8% of drivers and the automatic
OCR software allowed the extraction of 79% of them.
The comparison between drivers included by meanheif national ID and non-included
drivers showed that injury severity is associatath ihe probability of being part of the
study. Indeed, these victims are more likely toddenitted to hospital so their healthcare
number is more frequently noted in the police repor

Thus, as a consequence of selection biases inepmimords and as a result of our
inclusion procedure, our sample slightly over- esgnts drivers injured in severe crashes.

Medicine exposure was ascertained from computerimszbrds of reimbursed
prescriptions filled at the pharmacy. These dateewmt subject to underreporting, a major
problem encountered when medicine exposure datselfsreported. Other studies using
patient-derived data and the same dispensatiobastashowed that the healthcare insurance
data are reliable indicators of actual exposure doronically used medicines, less for
episodically used medicine¥. Dispensing dates were considered in this study ssrrogate
for actual consumption. We did not know if the nogaes were actually ingested. Non-
compliance, which we were not able to check, wotherefore result in exposure
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misclassification. We assumed that the exposuregstarted on the day after dispensing, as
dispensing on the day of crash may have been a&quoaace of the crash. Exposure to self-
medication drugs can not be estimated from thetlnesie insurance database. However, less
than 15% of units sold in France correspond to meambursable medicines and most of these
products have no or negligible influence on thditgltio drive. Finally, medicines prescribed
in the hospital are not available in the Healthuhasce registry. However, most of the
patients receiving such a prescription may havenbegposed while hospitalized and
consequently would not have drive under the infbgeof these medicines.

Underlying health conditions may influence the rigkcrash for a driver. The relative
roles of the disease itself and medicines useck#t this disease are difficult to disentangle.
In the healthcare insurance database, data onicHomg-term diseases were available with
start and end dates. We were thus able to deteifminwers suffered at crash time from one
the 30 diseases from the ALD30 list. This factorswaken into account in responsibility
analyses which were adjusted for the presencengtierm diseases.

Moreover, by its particular design, the case-cress@nalysis allows the adjustment for
chronic characteristics, including chronic diseabas may not be listed as ALD. The choice
of sufficiently short wash-out periods may avoice tinfluence of fluctuations in some
disorders.

However, the effect of acute diseases can not besasd by these two methods. As a
consequence, it seems important to understand ¢lebanisms of action of medicines and of
the disease itself that may have an impact onrdyiaibilities in order to interpret the results
found in the present study.

Data on alcohol status at the time of crash wagadla for approximately 86% of the
drivers. It should be noted that the presence adtall may not be tested in drivers involved
in slight injurious crashes; this variable may tlnesunderestimated. Moreover, drivers who
had a negative breath test were not tested forigerdtood alcohol concentration which is
supposed to be less than 0.5¢/L. Information allbicit drug use was not available in any
database.

The design of this study overcomes many of theadifies of selecting an appropriate
control group. The two analyses used in this sagycomplementary and are both useful to
interpret the potential impact of a medicine onrisk of road traffic crash.

Responsibility analysis is a real strength of thelg as it allows for the comparison of cases
and controls that share the same characteristieiofy drivers. The reliability of the method
used in our study has been previously validated disdussed (see “Methods” section,
“Responsibility analysis” sub-heading). The straloge-effect relationship found in our study
between alcohol level and responsibility is a fartimdirect validation of the method.

The case-crossover design is appropriate for gahsxposures. An individual taking a
medicine throughout the study period would havestimae exposure at the time of crash as in
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the previous control period. Thus, a case-crosssitgly is likely to underestimate the risk
associated with chronic treatments. However, tepamsibility analysis is able to capture this
risk. This latter method is more likely to estimateisk associated to global driver behaviors
and characteristics.

In a first step, we were interested in the assessiofiethe reliability of the French
classification system. We evidenced an increassd of being responsible for a crash for
users of prescribed medicines defined as preseatingk of level 2 or level 3 according to
the French classification. The fraction of roadfitacrashes attributable to levels 2 and 3
medicine use was 3.3% [2.7%-3.9%]. The within-persase-crossover analysis showed that
drivers were more likely to be exposed to level &mines on the day of crash than on a
control day, 30 days earlier (OR=1.15 [1.05-1.27]).

In the responsibility analysis, after adjustmentdoash and individual variables, the
risk of being responsible for the crash was lowdidlevel 3 medicines, the association
remaining significant (from 1.56 [1.42-1.71] to 8.A.12-1.40]). The crude risk measured for
level 3 medicines was thus partly related to theadables and particularly to a co-
consumption of alcohol and level 2 medicines. le ttase of level 2 medicines, the
adjustment did not have such an important effecn({f1.24 [1.19-1.30] to 1.31 [1.24-1.40]).
We showed that the more the number of medicine\#l2 and/or level 3 used is important,
the higher the risk is. The protective effect ofde0 medicines could be explained by the
treatment of acute medical conditions that may keaan increased risk of being responsible
for the crash. Indeed, a number of specific physiod/or psychological conditions are likely
to influence driving ability.

The fraction of road traffic crashes attributaleldével 2 medicines was higher than
the fraction attributable to level 3 medicines 8.(02.4%-3.5%] and 0.7% [0.4%-0.9%]
respectively). This is explained by the consumptates of level 2 medicines which are much
higher than consumption rates of level 3 medicihedeed, while medicines found in level 3
only belong to the psycholeptic class, level 2udels several therapeutic classes and some of
them are highly prescribed.

Various medicines are classified in level 2. Theafwe found for psycholeptics and
psychoanaleptics is concordant with others studiée results on drugs used in diabetes,
antiepileptics and other nervous system drugs fairgerest and deserve further investigation.
For some of the ATC classes in this level, the @asion in the responsibility analysis was
not significant; however, the number of exposedvadd to antihypertensives, muscle
relaxants, anti-Parkinson drugs and antihistamioesystemic use, was small. Despite of a
relatively large number of subjects exposed togests, we found no association with the
risk of being responsible for a crash.
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Of note, we were surprised to find no interacti@ween alcohol levels reported by
police forces and medicines, while alcohol is kndwpotentiate medicine effects.

The respective role of disease and the medicined tastreat it is difficult to detangle.
After adjustment for the presence of a long-termroolt disease, results from the
responsibility analysis did not suggest an impdrtaanfounding effect of the underlying
conditions, the odds ratio estimates remaininghtlijgthe same. In the case-crossover
method, each subject is his own control and cordmghdue to individual factors is therefore
eliminated, particularly fixed characteristics suah chronic diseases. Only benzodiazepine
hypnotics proved to be however associated with rible of crash in the case-crossover
analysis.

The use of level 3 medicines was found to be aasstiwith an increased risk of road
traffic crashes both in the responsibility analysisl in the case-crossover analysis. Hypnotics
and sedatives, mainly representing level 3 meds;ican be used on an acute basis which
may explain why their impact on road traffic crasteee detected with the case-crossover
analysis. However, we found no effect of level 2dinmes in the case-crossover analysis.
The effect of chronic exposure can not be asselsgat case-crossover design. Indeed, an
individual using a medicine throughout the studyigeewould be exposed on the crash date
and on the control day. Our results on level 2 wiads are therefore likely to be related to
the impact of chronic medicine consumption, i.e.intyadrugs used in diabetes, opioids,
antiepileptics, anxiolytics and antidepressants.

Results from the preliminary study showed that berezepine derivative drugs used
as hypnotics are associated with the risk of beegponsible for a crash (OR=1.29 [1.13-
1.47]) and in the first study, we found an increbsisk for level 3 medicines mainly
represented by hypnotics and sedatives. Conseguestidecided to further study the impact
of benzodiazepine-like hypnotics (zolpidem and elmpie), on the risk of road traffic crashes.

Zolpidem users were at increased risk of beingaesiple for their crash, and more
particularly the small sample of those with a hoginsumption level in the past 5 months. In
fact, the association found was totally explaingdhe risk of this small sample of high level
zolpidem users. No such association was found dgicione or benzodiazepine hypnotic
users. The case-crossover analysis showed thaisth@f crash was increased in users of
benzodiazepine hypnotics.

Exposure to benzodiazepine hypnotics were highedriwers involved in single
vehicle crashes, on highways and in the morninggsstive of crashes due to sleepinéss.
These medicines may thus have carry-over effecth@nmorning. Such a pattern was not
observed for zopiclone and zolpidem, reinforcing itlea that these medicines do not have
residual effects in the morning.
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The presence of insomnia, for which hypnotics aesqribed, and its severity is not
recorded in any database so there may be poteotidunding by indication. However, the
effects of insomnia should be the same for all druged for insomnia, and should not
influence differences between drugs used for timeesmdication, unless there is channeling
of more severe cases to one medicine or another.

The use of benzodiazepine hypnotics was not adedcmith the risk of being
responsible for a crash, but an association withrigk of being involved in a crash was found
in the case-crossover analysis (OR=1.42 [1.09-1.8%]ese results suggest a residual effect
of these medicines following an acute exposure. [&tter result is consistent with the large
case crossover study done in the UK in 1992-199kwmeasured an odds ratio of 1.62
[1.24-2.12] for all benzodiazepines. However, aorgfr association was also found with
zopiclone consumption in the same stdlyDespite a longer half-life than zolpidem,
zopiclone did not increase the risk of being resgada for a crash whereas zolpidem did. A
review article on residual effects of hypnotics anving abilities concluded that zopiclone
had no advantage over benzodiazepines whereaaglafter zolpidem intake was considered
safer.”® However, the magnitude of impairment may dependvarious factors including
dosage and time after administration. Zolpidemieen shown to have a potential for abuse
and inappropriate use (high doses, daytime consampgtimulant action)?® The high risk
we found for users who had more than one pill dpidem a day dispensed over the five
months before the crash led us to think that tlfierence observed between zolpidem and
zopiclone relies on their usage pattern. A studyooded prescriptions in France conducted
between 2001 and 2004 showed that 10.2% of theestesp prescription concerned zolpidem
while only 4.1% concerned zopiclon&° Moreover, in our database, dispensation patterns
appeared to be slightly the same of zopiclone aigdidem, supporting the idea that there
may be a difference in actual use of these mediciimethe case-crossover analysis, we found
no association between zolpidem and the risk ofl toaffic crashes. This suggests that the
prescription is not immediately followed by a riek road traffic crash, strengthening the
hypothesis that the risk is linked to overall dribehaviors, perhaps to episodic inappropriate
use that could not be capture in this study becaupesure periods were estimated from
dispensing data. Zopiclone may be used more appte|y.

Results showed that the risk of being responsible & crash was significantly
increased in users of medicines used in opioid midgrece. We thus conducted more in-depth
analysis into effects of buprenorphine and methadwnthe risk of crash.

Injured drivers exposed to buprenorphine and/ohadkine on the day of crash, had

an increased risk of being responsible (OR= 2.191FB.16]). The case cross-over analysis
did not demonstrate any association (OR= 1.26 [0230]).
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The healthcare insurance database contains dateimbursed medicines which are
dispensed in community pharmacies. The first prgson of methadone must be filled in by
a medicine doctor in a specialized care centerdfog addicts or in a healthcare center.
Consequently, using the healthcare insurance degabar study misses the first prescription
of methadone. Buprenorphine treatment may be iedian specialized centers but also and
mostly in community pharmacies. Moreover, somegpdsi will never have any dispensation
in community pharmacies and will be followed ingbecenters during their whole treatment
course. While this loss information is unlikely have biased association measures, it has
consequences in exposure prevalence estimates afiei¢cherefore underestimated.

Substitution maintenance treatments may be soldhenstreet. The provision of
takeaway doses of methadone results in problenaévefsion of the medicine for illicit use
by those not in treatmerf® Buprenorphine is much more easily accessible thathadone
due to less restrictive policies. Patients may olinseveral practitioners to acquire more
prescriptions to divert buprenorphine from its #peutic use, for themselves or for dealing
purposes. Misuses and accidents have been repdm#dhvenous drug use, fatal
overdoses...)**! Our study analyses dispensed medicines followipgeacription and is not
able to differentiate the situations described aboWhe part of substitution maintenance
prescriptions that may be used for other purpolsas therapeutic use is difficult to assess.
However, it has been shown that buprenorphine ésafrthe medicines the most frequently
reported in suspicious prescriptions (8.8% of thepect prescriptions between 2001 and
2004). *® |In addition, the healthcare insurance estimateat th 2005-2006, 25% of
buprenorphine dispensations were done for the liesfed% of the patients, leading to a real
concern about contraband networks.

Other medicines may be diverted from their theréipeuse by patients under
substitution maintenance therapy. Codeine couldubed by opiate addicts to reduce
withdrawal symptoms or to substitute for other ighidependence. Néocodion® is a codeine
preparation, available without prescription, andwn to be misused by opiate additts!®®
Néocodion® sales decreased since methadone ancenouphine were authorized as
substitution treatmenf$.In a survey among a French network of communitgrptacies,
investigating codeine use and misuse, Néocodior®heen shown to be used by subjects
presenting demographic characteristics comparahtteose of drug addicts looking for opiate
maintenance, most of these users were known asatfdigts in the pharmac{® Another
study evidenced that substitution treatments weesl concomitantly to Néocodion® and, in
2002, the percentage of concomitant consumptiornethadone or buprenorphine was
219%:!%

Because several medicines containing codeine aadable without a prescription, the
healthcare insurance database did not allow uak® ihto account these consumptions. We
note that, in our study, buprenorphine and/or naghe users did not concomitantly use any
prescribed opioid analgesic level 2 medicines enddwy of their crash.

69



We were able to adjust for exposure to prescribtzbddiazepines. In our study, 25% of the
buprenorphine and/or methadone users were estimatds exposed to another nervous
system medicine on the day of crash; most of tineseicines were benzodiazepines and/or
benzodiazepine-related medicines (diazepam, oxazepdlunitrazepam, potassium
clorazepate, zolpidem, zopiclone). A literatureiees concluded that during substitution
treatment, about 30% of patients are affected byedéence on alcohol and
benzodiazepine$* Data on alcohol level was available in the natignalice database of
injurious crashes. Seventeen percent of drivergmundhintenance substitution treatment had
a blood alcohol concentration above the legal liastopposed to 5.6% among drivers not
under such treatment.

Consumption of illicit products is commonplace iraintained patients. Heroin was
reported to be used in 22% to 59% of the patientid their treatment® Other drugs such
as cannabis, cocaine, amphetamines are also frigueported.’®® The information about
illicit drugs is theoretically reported in the raal police database of injurious crashes when
known. In France, the detection of drugs is mangatom fatal road crashes only.
Consequently, this information is missing in 95%ddafers involved. This variable was thus
unworkable.

The descriptive analysis showed that drivers exghose buprenorphine and/or
methadone on the day of crash were more frequemtiyn and young drivers. The
demographic characteristics of these drivers arsetfiound in other studie$®* %3

The risk of being responsible for a crash waseased by two-fold in drivers under
maintenance substitution treatment. Results wemdasi for buprenorphine and methadone.
These treatments are often used in long-term tlesaphich may partly explain why no
association was found by the case-crossover asalysi

All the elements described above led us to thirk this study highlights the risk of a
particular population more than the risk associatgith particular medicine consumption.
Indeed, these drivers tend to use other substaimesmitantly to their treatment (alcohol,
illicit drugs, other medicines prescribed or not)damay even divert buprenorphine and
methadone from their therapeutic use. Moreovereergental studies show that opioid-
dependant patients are not impaired in driving ggerinces. The risk estimated in the
responsibility analysis may be related to riskydabrs more than to the treatment itself.

The case-crossover method could be useful to ilpadstthe impact of switching from
methadone to buprenorphine or conversely. Howeweronly identified 17 switches from
one to another medicine over the six months betweecrash. The statistical power was too
low to study the changes in treatment.
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CONCLUSION
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According to our results, the French classificateystem seems relevant regarding
medicines classified into levels 2 and 3 of risk foad traffic crashes. Even if the risk for
levels 2 and 3 is similar, we believe that it iefusto differentiate these two levels. For level
2 medicines, the effect depends on pharmacodynaanidson individual susceptibility; the
patient should therefore seek medical advice. Beell3 medicines, the pharmacodynamic
effect is predominant, so all users are advisedimalrive. The effects of level 1 medicines
may be so dependent on individual susceptibiligt #n effect on driving abilities might be a
rare event. The relevance of this level shouldetfoee be questioned.

The study of benzodiazepine-like hypnotics (zolpidend zopiclone) provides further
insights on the impact of these medicines on taféifety. While driving is considered safe
the morning following bedtime administration of gillem, we observed an increased risk of
traffic crash among zolpidem users. Their roaditrafash risk should be further investigated
in search of potential abuse and risky driving lvébra.

In the last step, we highlighted the risk assodiateparticular drivers, those who are
under maintenance substitution therapy. This stadhe first epidemiological study on the
risk of road traffic crash in maintained patienighveither buprenorphine or methadone.

There is compelling evidence from the CESIR-A sttitht use of medicines represent
an important avoidable, significant and overall exade risk factor for road traffic crashes.

According to the limitations mentioned in the dission part, and particularly
regarding the uncertainties on current exposuréseatime of crash, another study conducted
in parallel with our study, in injured drivers attkng emergency rooms, will bring some
useful elements, comparing medicines cited in gbrts, medicines registered in the
healthcare insurance database and the presenetaincsubstances in blood samples. The
results of this study are however not availablenisttime.

The CESIR-A database is a useful research toolisnide largest ever built on the
subject. One of the challenges was to adopt aeglyah order to address the problem of
multiple statistical tests. Our strategy did ndbvalus to study all the molecules individually.
Consequently, we are working with the biostatisgam of the U897 INSERM research
center in assessing the applicability of existitagistical procedures, particularly shrinkage
methods, in order to build a global model takintpiaccount all individual molecules and a
large number of interactions. Further work will albe conducted on the risk of crash
associated with antidepressant and antiepileptc Asspecific analysis will be performed
among pedestrians. The methodology of data catleatill be reproduced over the 2009-
2012 period. The aim is to set up a surveillancgesy to investigate the impact of newly
marketed medicines and to evaluate the effecteoftlench warning system.
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Key points:
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different properties.
* Exposure assessment methods are heterogeneousg, epgiaining the inconsistent

literature results.
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ABSTRACT

Purpose To evaluate the quality of epidemiological reskanto effects of medicinal drugs
on traffic safety and the current knowledge in Hrsa.

Data sources:The bibliographic search was done in Medline etest database using the
keywords: ((accident* or crash*) and traffic andigit) leading to 1141 references. Additional
references were retrieved from the Safetylit webaitd the reference lists of selected studies.
Original articles published in English or Frenciepeen April £, 1979 and July 31 2008,
were considered for inclusion. We excluded deseepstudies, studies limited to alcohol or
illicit drug involvement, and investigations of umjes other than from traffic crashes. Studies
based on laboratory tests, driving simulators oth@aroad driving tests were also excluded.
Eligible studies had to evaluate the causal reiatip between the use of medicinal drugs and
the risk of traffic crashes. Study quality was assé by two independent experts, according
to a grid adapted from the Strengthening the Ramprbf Observational Studies in
Epidemiology (STROBE) statement.

Results: 22 studies of variable methodological quality wameluded. Definition of drug
exposure varied across studies and depended arathesources. Potential confounding due
to the interaction between the effects of the medlarug and disease-related symptoms was
often not controlled. The risk of motor-vehicle sinas related to benzodiazepines has been
amply studied and demonstrated. Results for otleglicinal drugs remain controversial.
Conclusion There is a need for large studies, investigatiegrole of individual substances in

the risk of road traffic crashes.
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INTRODUCTION

Traffic crashes are a common cause of death in noaoptries. Among the numerous risk
factors (eg, speed, alcohol, talking on cell phomesd infrastructures), the effect of
medicinal drugs has not received sufficient attemtiAssessment of effects of medicinal
drugs on driving ability by laboratory tests, dngi simulators or on-the-road driving tests
provides helpful insights on potential impact, loaly partially assesses the impact in “real
life” conditions where driver behaviour, healthte&® and road traffic environment interact.
Reports on the state of knowledge about drugs &rihg were published in 1999and 2003

2 showing an increase concern about the role melicrug use may play in road traffic
crashes. In 2003, a European Safety Action prograshset up to encourage research on the
effects of medicinal drugs, in order to establislEw@opean classification regarding road
safety®. Two literature reviews, focusing on a few medatidrugs (benzodiazepines, opioids,
antihistamines and antidepressants), concludedotraodiazepines represent a major traffic
safety problem but remained cautious about otheticital drugs’ °. The aim of this article

is to review available epidemiological studies,ithresults and methodological issues, in

order to make recommendations for further research.

METHODS

Search strategy

The bibliographic search was done in Medline etestr database using the keywords:
((accident* or crash*) and traffic and drug*). Wedated the search using the Safetylit
website which provides an updated literature onrinprevention with a special section on
“alcohol and other drugs”. The reference lists &bgrs considered for inclusion were scanned
for any further potentially eligible studies. Ongi articles published in English or French,
between April i 1979 (oldest article we included) and July*32008 (end of inclusion
period), were considered for inclusion. We excludedcriptive studies, studies limited to
involvement of alcohol or illicit drugs, and stuslief injury risk other than in traffic crashes.
Studies based on laboratory tests, driving simtdatw on-the-road driving tests were also
excluded. Eligible studies were those that evatlittie causal relationship between the use of

medicinal drugs and the risk of traffic crashes.

Quality assessment
A reading grid was adapted from the STROBE statér(etnengthening the Reporting of
Observational Studies in Epidemiolog¥) and from the quality assessment checklists

published by Salmi (see Appendix 1). Criteria covered methods ofcdiglg participants,
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data collection regarding outcomes, exposures atehpal confounders, statistical methods
and reported results, as well as discussion cantent

Participant selection was evaluated according &r#glevance of eligibility and exclusion
criteria to reflect a general population of driveitse choice of sources, the independence of
selection from the event or the drug exposure,taedcomparability of the reference group.
We considered the way medicinal drug exposure wassged. In studies on medicinal drug
consumption and crash risk, several potential aomders should be measured and controlled
in analyses. Apart from subjects’ age and gendateraction between disease-related
symptoms and the effects of the medicinal drug usetteat the disease, which can both
modulate the risk of crash, should be addressdter@nportant variables to be measured are
the number of kilometres driven in each group dr@ddonsumption of alcohol or other drugs.
We assessed the relevance of statistical methatiseanlts presentation and discussion. Two
authors (EL and LO) reviewed the selected studmeependently according to the grid

criteria. Disagreements were referred to a thivienger (LRS) and resolved by discussion.

RESULTS

Bibliographic search retrieved 1141 references fwanich 16 eligible studies were selected
on the basis of their title and abstract. An addii six studies were found either from a
Safetylit website search or from the reference ligtthe initial 16 studies. This process led us
to select 22 epidemiological studies of the impafctnedicinal drugs on the risk of traffic
crashe$ . Their methodology and main results are preseint@able 1.

Quiality of available research

Two sources for the outcome variable (the crask)dmscribed in these studies. In eight
studies, case selection was based on emergencgsadmio hospital for injuries related to
the crasht® 182021 23 26285 ccident record databases represented the memgidnt source for
identification of subjects involved in traffic creess®*® 17 19 222> 2prymmeret al ** focused

on fatal crashes while two other studies only adersid non-fatally injured drivef& %’
Case-control was the most frequent desiyf® 1°17 20 22 2ITyo strategies were used to
select an appropriate control group, composed iwedr who have not been involved in a
crash. The first method consisted of random seledtiom moving traffic or at petrol stations
1620 gelection was therefore done on a voluntary bagich can lead to a selection bias. In
the second method, control subjects were seleobed the source of case data, such as health
insurance record$’, driver licence record® ** ** 1 % general practitioner records or

hospital admissions”’. Depending on the characteristics of the sourc@uiagion,

83



extrapolation to the general driver population mhestdone with caution, especially if there is
no indication that these controls actually drive.

Among selected epidemiological studies, five wesponsibility studie$' *8*° 4 2§vhich can
be viewed as a particular case-control study. Therprinciple is that if a medicinal drug
contributes to crash causation, it would be overasented in drivers whose responsibility in
the crash was demonstrated compared to non-regpordtivers. Responsibility analysis,
based on police records, must be objective andoertdent of data related to medicinal drug
consumption. A standardized method to determinelékel of driver responsibility was
described by Robertson and Drumniérand applied in studies by Drummer al ** and
Longo et al *®. The responsibility determination criteria were described precisely in the
other three studies %%

Barboneet al ® and Rayet al %

used a case-crossover design, where the expdskrora
given medicinal drug in a period immediately befdhe crash was compared with the
exposure risk in an earlier period. Each subjed tia own control and confounding due to
all fixed characteristics was therefore eliminatedjuding genetics, personality, education,
lifestyle and chronic diseases. This design, apmatgp to study the effects of episodic
exposure on the risk of acute evefliss not adapted to chronic exposure.
Exposed/non-exposed studies have also been codduetevhich users and non-users are
followed up for subsequent road traffic crash&s' 2! 22 2 2n|like case-crossover designs,
these studies ensure independence of subjectisalé@m outcome and can address chronic
consumption. This is not always true in case-cdstradies.

Available data about medicinal drug prescriptiog, (@ose, treatment duration) depended on
national records. The link between prescription a@uwtial consumption is estimated in
various ways. Exposure periods can be estimatemtdiog to the date of dispensation and the

number of defined daily doses (DDDs) dispengéed 2° 2°

or according to the prescribed
duration of treatment when knowWn™. Sensitivity to definition of consumption periogsh
been tested, comparing the results obtained foreaumed exposure of seven days with
fourteen days, starting the day after dispenSiffg** Incident use was defined as exposure
after a non-use period to assess the effect diez# initiation® * *° 2! 2° 28 2935 opposed to
chronic consumption defined by repeated expoSure’®

Drug exposure assessment was performed by thesanaliyurine or blood samples in six
studies™ ¢ 182024 27This method measures actual use and offers trengabe of accounting
for non-prescribed medicinal drugs. The main linaits the small number of substances tested
and the time period between crash and samplinghmMmay be critical for some medicinal

drugs.
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McGwin et al*® collected medicinal drug exposure data duringept®ne interview, leading

to possible bias due to self-reporting. Indeed, kémenet al *® showed that only half of the
patients in whom benzodiazepines were detectedehyns analysis reported having taken
these medicinal drugs.

Another issue relates to the grouping of drugs @iltog to therapeutic class, often for reasons
of statistical power. As an example, all benzodizes were assessed as a single class of
exposure® 1 1720 22 27 \yhereas, in this class, drugs can have diffepratrmacokinetic
properties: benzodiazepines with longer half-liaes probably more likely to be associated
with an associated risk of road traffic crdsh

Concomitant consumption of non-medicinal psycheactisubstances was sometimes
controlled in the analysis: illicit drugs in twouslies™* *2 alcohol in five studied" 8 202! 24

The frequency of driving was measured and accouimiedh statistical models in only two
studies'” *° A few studies considered the potential interactigth medical conditiond” '3 *°
171925 McGwin et al *? estimated the risk for angiotensin-converting emeyinhibitors and
anticoagulants adjusted for the conditions for \whltey are prescribed, and the same strategy
was used for nonsteroidal anti-inflammatory dragsl arthritis. In the study of the effect of
warfarin, adjustment was made for cardiovasculaeneys and strokes’. Other studies
adjusted for a summary chronic disease score lmassdlected prescription medications used

in the management of chronic conditidds® " %

The effects of medicinal drugs on road safety

Benzodiazepines

The impact of benzodiazepines on the risk of caslues has been extensively considered in
several studied ' 12 1424 2628 The strength of the associations and the comsigtbetween
studies indicate that benzodiazepines are a cdusa arash risk, although part of the effect
could result from the indication of benzodiazepingteep problems). The effects of
benzodiazepines on the risk of crash have been mirated in the elderly” %2 but also
among younger drivefs'* ?* 28 The effects of treatment initiation have beenlevgal ** *> %

28 A cohort study about the risk of hospitalisatifor traffic crash injuries showed a
diminished risk with elapsed time from the new prisgion fill-date %%, probably reflecting
tolerance to medicinal drug effects or decreaswsed or use over time. In the case-crossover
study, a dose-response relationship between beazamine consumption and crash risk was
described. Benzodiazepine hypnotics and anxiolytics haventstedied separatefy*? # as
well as long and short half-life benzodiazepitésand individual drugs (eg, zopiclone,
zolpidem, diazepam, lorazeparf)?® Four studies did not find any significant relasip.

Two of them lacked sufficient statistical powér’, and in the third information was obtained
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via self-report’®. In the last study, the authors note that the yass&d to detect blood
benzodiazepines measures certain benzodiazepindy,pEspecially triazolarfi".
Antidepressants

Two studies conducted in older drivers found a ificant association between the risk of
being involved in a car crash and the consumptibririoyclic antidepressants (relative
risk=2.2 [1.3-3.5F% and odds ratio=2.3 [1.1-4.8]). Bramnes=t al found an increased risk
for drivers who had received a prescription for amyidepressant, slightly higher for young
drivers (18-34 years old), but without adjusting fbe use of other narcotics and without
being able to distinguish between the effects efrtedicinal drugs and depressfonTwo
other studies showed no association, probably Isecatiinsufficient statistical power %
However, despite a study population of 410 306 feeaged at least 18 years, Barbetal®
found no relationship with the risk of traffic chador selective serotonin-receptor inhibitors
or for tricyclic antidepressants, suggesting tek to be specific to older drivers.

Lithium

In a nested case-control study, the risk of beinglved in an injurious motor vehicle crash
for elderly people who use lithium was found to ibereased two-fold. Carbamazepine,
another common mood stabiliser, also used in epjlewas not associated with the risk of
traffic crashes?®,

Opioids

Engelandet al ** found that the risk of road traffic crashes waséased in users of natural
opium alkaloids such as codeine, morphine and akyge (SIR=2 [1.7-2.4]), and that the
risk was higher in the 18-54 age group. In the caserol study by Leveillet al *’, opioid
analgesic use was also associated with an eleatesth risk in older drivers (OR=1.8 [1-
3.4]). Muraet al *" also found the association significant, but natiniision was made
between licit and illicit use of opiates as onlglbgical samples were used for their detection.
No significant association was found by three gisidvhich may have lacked statistical power
112023 and by Rayet al *2 A longitudinal study from a cohort of 13 548 Fchnworkers
suggested that pain and pain treatment could iassd with the risk of crash. The authors
noted, however, that severe pain is more likelggdreated and may itself be associated with
poorer driving performancg.

H1 antihistamines

A few studies explored the association between mhtthigtamines and car crashes. Skegg
al identified only 3 antihistamine users (5.3%) amangmall sample of 57 cas&s In the
studies by Leveillet al*’” and by Rayet al %, both conducted in the elderly, the association
was not significant. Nevertheless, Howatal ** showed that histaminergic consumption

was associated with the risk of traffic crashegiofessional drivetsThere is a lack of
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epidemiological data on impact of the different g@tions of antihistamines which have
different ability to cross the blood-brain barréerd induce sedation.

Diabetic treatment

The risk of crashes for diabetic drivers is linkexd degenerative complications and to
hypoglycaemic seizures related to treatment. Insterg results have been published about
the role of diabetes and its treatment in causraffi¢ crashes, probably because of the
heterogeneity in treatment regim&s”. A responsibility study conducted in the elderig d
not find any association between diabetes andudtt-faash involvement and no interaction
with treatment type® % Traffic injury risk has been reported to be 26ifhigher in older
diabetic drivers, especially those treated withulims (OR=5.8 [1.2-28.7]) but not in those
using oral hypoglycaemic agerits Hemmelgarret al*® found the rate ratios for current users
of insulin monotherapy were 1.4 [1.0-2.0] and 113{1.7] for sulfonylurea and metformin
combined. The authors note the difficulty of digtirshing between medicinal drug effects
and diabetes-related complications since treatmenstrongly correlated with disease
progression.

Cardiovascular drugs

Among the medicinal drugs considered in epidemigklgstudies, calcium channel blockers
were not associated with an increased risk of esi€hand were associated with a reduced
risk of at-fault crash involvement, as well as \dikgors*®. In the latter study, anticoagulants
and angiotensin-converting enzyme inhibitors wessitpvely associated with being at-fault
for a crash but the odds ratios were no longerifsignt after adjustment for concomitant
diseases®. In a recent case-control study, the use of wiaxfam anticoagulant, was not
associated with an elevated rate of injurious meétiicle crash’.

Carbamates

Carisoprodol, a muscle relaxing drug, has beenidered in a pharmacoepidemiological
study because of its central nervous system depregstential. The standardised incidence
ratio for being involved in a crash having beerspribed carisoprodol was 3.7 [2.9-478]
Nonsteroidal anti-inflammatory drugs

Recently, Engelancet al *?

raised the question of nonsteroidal anti-inflanomatdrug
(NSAID) effects in the central nervous system, lesytfound a significant association with
the risk of traffic crash (OR=1.5 [1.3-1.9]). Thissult could be an indicator of clinical
disability in some arthritic conditions. McGwat al found that NSAID association with an
increased risk of at-fault involvement in crashessisted after adjustment for arthritis which
was also independently associated with crash ndkemales. The authors note however that

some NSAID users may be undiagnosed for musculesiémpairments®.
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Discussion

The 22 studies included in this systematic reviegrenof variable methodological quality.
Several different research methods were used,ngadi difficulties to compare them. The
sample populations were different, ranging frontime of road traffic crashes with personal
injury, victims hospitalized for road traffic craghjury to fatally injured drivers. Drug
exposure assessment was heterogeneous, mostlyddepen available retrospective data or
on the molecule selection for biological testing.

Another identified issue was related to potent@hfounding. Particularly, alcohol or illicit
drugs interact with medicinal drugs in impairingvérg abilities and were not always taken
into account. Driving conditions such as day of kydane of the day, road environment are
important factors too, so is the number of mileadr. These latter factors were rarely
assessed and included in risk modelling. Finalg, main issue of confounding by indication
is addressed in a few studies only. Consequertlgften remains unclear whether crashes
occur as a result of medicinal drug consumptioroothe underlying disease, a concern
highlighted in a literature review on benzodiazegiand driving®.

This systematic review highlights several fieldsenhmore epidemiological data are needed.
There is a need for large studies, investigatimgitllividual and combined role of substances
in the risk of road traffic crashes. The differahgffect of the older generations of medicinal
drugs versus newer ones must be compared to ada@hipcare. The impact on crash risk of
dose changes, beginning or end of treatment, meistutiher investigated. As described
above, some non-psychoactive medicinal drugs ntay dtiving abilities due to their action
on physiological functions or regarding centralesiffects. The impact of these medicinal
drugs on road traffic crash risk has hardly beesessed in epidemiological studies so far.
Other studies should also be designed to assessl#tiee roles of disease and medication in
the risk of road traffic crashes. Quantifying tiekrnn patients who may be under-represented
in the general driving population is also of ins#tras they may be at high risk due to the
disease itself, and to the medicinal drugs usedetat the condition (eg Parkinson’s disease

and dopamine agonisty.
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Adjustment/

) ) Outcome variable Stratification/
Design and Population/ Drug exposure ] ] Overall
Study _ (sources, Controlled Main studied agent(s) Results )
period Sample o (sources, assessment) ) quality
definition) variables
Engelancet Cohort 3.1 millions Registry Registry Age natural opium alkaloids  SIR=2.0 [1.7-2.4] Good
al, 2007* Apr 2004- 18-69 years Crash with Exposed Gender BZD tranquilizers SIR=2.9 [2.5-3.5]
Norway Sept 2005 old personal injury -7 or 14 days starting Other prescribed BZD hypnotics SIR=3.3 [2.1-4.7]

the day after dispensingirugs
- humber of DDDs
dispensed

Unexposed

- unexposed or not
previously exposed to

the drug or to any

prescribed drug

NSAIDs

SIR=1.5[1.3-1.9]
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Adjustment/

) ) Outcome variable Stratification/
Design and Population/ Drug exposure ] ] Overall
Study _ (sources, Controlled Main studied agent(s) Results )
period Sample o (sources, assessment) ) quality
definition) variables
Gustavseret Cohort 3.1 millions Registry Registry Age zopiclone + zolpidem SIR=2.3 [2.0-2.7] Good
al, 2008 Jan 2004- 18-69 years Crash with Exposed Gender nitrazepam SIR=2.7 [1.8-3.9]
Norway Sept 2006 old personal injury -7 or 14 days starting Other prescribed flunitrazepam SIR=4.0 [2.4-6.4]

the day after dispensingirugs
- incident use: washout
period=180 days

- concurrent use

allowed or not

Unexposed

- to the drug or to other
prescribed

psychoactive drugs
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Adjustment/

) ) Outcome variable Stratification/
Design and Population/ Drug exposure ] ] Overall
Study _ (sources, Controlled Main studied agent(s) Results )
period Sample o (sources, assessment) ) quality
definition) variables
Bramnes®t Cohort 3.1 millions Registry Registry Age carisoprodol SIR=3.7 [2.9-4.8] Good
al, 2007° Apr 2004- 18-69 years Crash with Exposed Gender diazepam SIR=2.8 [2.2-3.6]
Norway Sept 2005 old personal injury - prevalent use: Other prescribed salbutamol SIR=1.1[0.6-1.8]

exposure within 7 days drugs
starting the day after
dispensing

- incident use: washout
period=180 days

- concurrent use
allowed or not

- DDD

Unexposed

- within the study
period

- within the washout

period
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Adjustment/

) ) Outcome variable Stratification/
Design and Population/ Drug exposure ] ] Overall
Study _ (sources, Controlled Main studied agent(s) Results )
period Sample o (sources, assessment) ) quality
definition) variables

Bramnes®t Cohort 3.1 millions Registry Registry Age Cyclic, sedating SIR=1.4 [1.2-1.6] Average

al, 2008% Apr 2004- 18-69 years Crash with Exposed Gender antidepressants

Norway Sept 2006 old personal injury - prevalent use: any Newer, nonsedating SIR=1.6 [1.5-1.7]
exposure within study antidepressants

- incident use: washout
period=180 days

- DDD

Unexposed

- within the study
period

- within the washout

period

94



Adjustment/

Outcome variable Stratification/

Design and Population/ Drug exposure ] ] Overall
Study _ (sources, Controlled Main studied agent(s) Results )
period Sample o (sources, assessment) ) quality
definition) variables
Neutel et al, Cohort 323,658 Registry Registry Age BZD hypnotics OR=6.5[1.9-22.4] Average
1995% 1979-1986 > 20 years old Hospitalization for Exposed Gender BZD anxiolytics OR=5.6 [1.7-18.4]
Saskatchewan, crash injury - incident use: washout History of alcohol
Canada period=6 months abuse
Unexposed Other prescribed
Absence of a drugs

prescription in the 6
months before
simulated index

prescription
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Adjustment/

) ) Outcome variable Stratification/
Design and Population/ Drug exposure ] ] Overall
Study _ (sources, Controlled Main studied agent(s) Results )
period Sample o (sources, assessment) ) quality
definition) variables
Neutel, 1998 Cohort 323,658 Registry Registry Age BZDs OR=3.1[1.5-6.2] Average
28 1979-1986 > 20 years old Hospitalization for Exposed Gender Triazolam OR=3.2 [1.4-7.3]
Saskatchewan, crash injury - incident use: washout Other prescribed Flurazepam OR=5.1[2.3-11.6]
Canada period=6 months drugs Oxazepam OR=1.0[0.3-3.7]
- repeat users: 3 Lorazepam OR=2.4[1.0-6.3]
prescriptions within 5 Diazepam OR=3.1[1.4-6.5]
months
Unexposed

Absence of a
prescription in the 6
months before
simulated index

prescription
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Adjustment/

) ) Outcome variable Stratification/
Design and Population/ Drug exposure ] ] Overall
Study _ (sources, Controlled Main studied agent(s) Results )
period Sample o (sources, assessment) ) quality
definition) variables
Rayet al, Cohort + 16,262 Registry Registry Age BZDs RR=1.5[1.2-1.9] Good
1992% Case-crossover 65-84 years Crash with -current use (dose and Gender cyclic antidepressants RR=2.2 [1.3-3.5]
Tennessee, 1984-1988 old personal injury duration) Race antihistamines RR=1.2 [0.6-2.4]
USA - indeterminate use Residence opioid analgesics RR=1.1[0.5-2.4]
- former use Year
- non use Use of medical
care
Non-psychoactive
drugs
Barboneet al Case-crossover 410,306 Registry Registry All fixed tricyclic antidepressants OR=0.93 [0.72-1.21] Good

1998°
Tayside
Region, UK

1992-1995

> 18 years old 19 386 drivers

involved in a first

road-traffic crash

Exposure assessment

dose and duration

characteristics
Crash

characteristics

selective serotonin-
reuptake inhibitors
BZDs

zopiclone

OR=0.85 [0.55-1.33]

OR=1.62 [1.24-2.12]
OR=4.00 [1.31-12.2]
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Adjustment/

) ) Outcome variable Stratification/
Design and Population/ Drug exposure ] ] Overall
Study _ (sources, Controlled Main studied agent(s) Results )
period Sample o (sources, assessment) ) quality
definition) variables
Leveille et al, Case-control 234 cases Registry Registry Age BZDs OR=0.9 [0.4-2.0] Outstanding
1994% 1987-1988 447 controls Casestreatment Exposure assessment Gender antidepressants OR=2.3[1.1-4.8]
Puget Sound, > 65 years old for motor vehicle - probability quotient Residence opioids OR=1.8 [1.0-3.4]
USA crash within 7 (quantity/days) Chronic disease antihistamines OR=0.7 [0.3-1.7]

days of crash - current use: within 60 score and medical

Controls no crash days history

injury during one - past use: within 2-6  Driving habits

year months Race
- number of Marital status
psychoactive prescribedducation
drugs within 6 month  Diabetic receiving
treatment
Etminanet al, Case-control 5579 cases Registry Registry Age Lithium Rate Ratio=2.08 Good
2004% nested within a 13,300 Casesdrivers in  Exposure assessment Gender [1.11-3.90]
Quebec cohort controls crashes with at - any use the year Residence carbamazepine Rate Ratio=0.83
Jun 1990- 67-84 years least one personalbefore Previous crash [0.48-1.44]
May 1993 old injury - number of Other prescribed

Controls random prescriptions drugs

sample of the - current use: within 60 Chronic disease

cohort days score
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Adjustment/

Design and Population/ Outcome variable Drug exposure Stratification/ ] ] Overall
Study _ (sources, Controlled Main studied agent(s) Results )
period Sample o (sources, assessment) ) quality
definition) variables
Delaneyet al, Case-control 5579 cases Registry Registry Age warfarin Rate Ratio= Good
2006"° nested within a 12,911 Casesdrivers in  Exposure assessment Gender 0.74 [0.55-1.05]
Quebec cohort controls crashes with at - any use in the 30 dayRResidence
Jun 1990- 67-84 years least one personalbefore Previous crash
May 1993 old injury - any use in one year Chronic disease
Controls random - frequent use> 5 score
sample of the prescriptions Other prescribed
cohort drugs
CV events and
strokes
Hemmelgarn  Case-control 5579 cases Registry Registry Age long half-life BZDs Rate Ratio= Good
etal 1997  nested within a 55,790 Casesdrivers in  Exposure assessment Gender 1.45[1.04-2.03]
Quebec cohort controls crashes with at  duration of treatment Residence short half-life BZDs Rate Ratio=
Jun 1990- 67-84 years least one personal New use: washout Previous crash 1.04 [0.81-1.34]
May 1993 old injury period=3 days Other prescribed

Controls random
sample of the

cohort

drugs
Chronic disease

score
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Adjustment/

Design and Population/ Outcome variable Drug exposure Stratification/ ] ] Overall
Study _ (sources, Controlled Main studied agent(s) Results )
period Sample o (sources, assessment) ) quality
definition) variables
Hemmelgarn  Case-control 5579 cases Registry Registry Age Insulin alone Rate Ratio= Good
et al, 2006  nested within a 13,300 Casesdrivers in  Exposure assessment Gender 1.4 [1.0-2.0]
Quebec cohort controls crashes with at - use during the one- Residence oral hypoglycaemics aloneRate Ratio=
Jun 1990- 67-84 years least one personalyear time window Previous crash 1.0 [0.9-1.2]
May 1993 old injury preceding Chronic disease Insulin + oral Rate Ratio=
Controls random - current exposure: usescore hypoglycaemics 1.0 [0.5-2.0]
sample of the during the 30 days Other prescribed Sulfonylureas Rate Ratio=
cohort before drugs 1.0[0.8-1.1]
- DDD and dose Metformin Rate Ratio=
response 1.0 [0.7-1.6]
Sulfonylureas + metforminRate Ratio=
1.3[1.0-1.7]

Sulfonylureas + metforminRate Ratio=
(high dose) 1.4 [1.0-2.0]
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Adjustment/

) ) Outcome variable Stratification/
Design and Population/ Drug exposure ] ] Overall
Study _ (sources, Controlled Main studied agent(s) Results )
period Sample o (sources, assessment) ) quality
definition) variables
Skegget al, Case-control 57 cases Registry Registry Age sedatives and tranquilizersRR=5.2 [2.2-12.6] Average
1979% Mar 1974- 1425 controls Caseshospital Exposure assessment Gender minor tranquilizers RR=4.9 [1.8-13.0]
Oxford, UK Feb 1976 admissions or Medicinal drugs Residence
deaths for injuries dispensed in the 3
due to crash month before
Controls
randomly selected
from the same
practice
Movig et al, Case-control 110 cases ER Urine/blood samples Age BZDs OR=5.05 [1.82- Average
2004%° May 2000- 816 controls Casesinjured car Gender opiates 14.04]

Netherlands Aug 2001

or van drivers
Controls
randomly selected
from moving
traffic

Blood alcohol
concentration
Other prescribed
drugs

Season

Time of day

OR=2.35 [0.87-6.32]
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Adjustment/

Outcome variable Stratification/

Design and Population/ Drug exposure ] ] Overall
Study _ (sources, Controlled Main studied agent(s) Results )
period Sample o (sources, assessment) ) quality
definition) variables
Honkaneret Case-control 201 cases ER Blood samples +  Day of week diazepam found more Average
al, 1980% 1977 (16 weeks) 325 controls Casesinjured interview Hour of day commonly in patients
Helsinki, drivers in ER Location than in controls
Finland within 6 hours p=0.03
Controls

randomly selected

in petrol stations

BzDand Responsibility 3147 subjects Hospital centres Blood samples Age BZDs No association Average
driving May 1989- 2852 complete Injured drivers Gender

collaborative July 1990 files examined less Alcohol

group, 1993* > 16 years old than 6h after the

France crash
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Adjustment/

Design and Population/ Outcome variable Drug exposure Stratification/ ] ] Overall
Study _ (sources, Controlled Main studied agent(s) Results )
period Sample o (sources, assessment) ) quality
definition) variables

Muraet al, Case-control 900 cases ER Blood and urine (or Age Opiates (licit and illicity  OR=8.2 [2.5-27.3] Average
2003% Jun 2000- 900 controls Casesinvolved in sweat) samples  Gender BZDs OR=1.7 [1.2-2.4]
France Sept 2001 a non-fatal road

crash

Controls having a

driving licence

and attended for

any non-traumatic

reason
Jicket al, Responsibility 244 people Registry Registry Age Sedating drugs No association Poor
1981% Jan 1977- with an Hospitalization for Exposure assessment Gender
Seattle, USA Dec 1978 automobile injurious car crashAt least one

crash prescription within 3
15-64 years months
old
Longoet al, Responsibility 2500 non- Hospital crash and Blood samples Alcohol and illicit Benzodiazepines Significant increase  Average
20008 Apr 1995-Aug fatally injured emergency unit drugs in culpability
South 1995 drivers Non fatal road
Australia Dec 1995- Aug crashes victims
1996 who survive >30

days
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Adjustment/

) ) Outcome variable Stratification/
Design and Population/ Drug exposure ] ] Overall
Study _ (sources, Controlled Main studied agent(s) Results )
period Sample o (sources, assessment) ) quality
definition) variables
Drummeret Responsibility 3398 Registry Forensic toxicology Age BZDs OR=1.27 [0.5-3.3] Good
al, 2004™ 1990-1999 Fatally-injured Gender Opiates (licit and illicity ~ OR=1.41 [0.7-2.9]
3 states of drivers Alcohol and illicit Other psychoactive OR=3.78 [1.3-11]
Victoria, drugs medicinal drugs
Australia Type of crash
Location
Year
McGwinet al Responsibility, 901 drivers Registry Questionnaire Age BZDs OR=5.2 [0.9-30.0] Average
2000*° Case-control > 65 years old Responsibility Gender antidepressants OR=0.3[0.1-1.0]
Alabama, US 1996 subjects involved Other prescribed NSAIDs OR=1.7 [1.0-2.6]

in at least one
automobile crash
Case-control
comparison with
drivers not
involved in

crashes

drugs
Annual mileage
Associated

diseases

ACE inhibitors
anticoagulants

calcium channel blockers
vasodilators

oral hypoglycaemics

insulin

OR=1.6 [1.0-2.7]
OR=2.6 [1.0-7.3]
OR=0.5 [0.2-0.9]
OR=0.3 [0.1-1.0]
OR=1.3 [0.7-2.4]
OR=0.9 [0.4-1.8]

DDD=defined daily dose, BZD=benzodiazepine, SIRard#adized incidence ratio, OR=0dds ratio, RR=retatisk

Table 1: Epidemiological studies of traffic craslsk and medicinal drug consumption: methodology andhin results
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Appendix 1: Reading grid

Criteria Y | N NA  DNK Comment
Study design
Objectives are clearly stated 0 0 0O ] ]
Key elements of study design are 0 0 0O ] ]
provided
Location and dates are specified 0 0 0O ] ]
Participants
Cohort study
Eligibility criteria are defined and 1 0 [ ] ]
appropriate
Exclusion criteria are defined and 0 0 0O ] ]
appropriate
Sources are described and appropriate [ | [] [] ] ]
Selection method is described and 0 0 0O ] ]
appropriate
Selection is independent from risk of  [] [] [] [] ]
collision
Follow-up period is defined andlong [ [] [] ] ]
enough
Compared exposures are described [ ] [] [] ] ]
Reference group is appropriate 1 [ ] ]
Selection procedures are identical inall[] [] [] [] ]

exposure groups

Case-control study

Eligibility criteria are defined and 0 0 0O ] ]
appropriate

Exclusion criteria are defined and 1 0 [ ] ]
appropriate

Sources are described and appropriate [] [] [] ] ]
Selection is independent of drug 0 0 0O ] ]
exposure

Definition of cases is appropriate 0 0 0O ] ]
Controls are selected from same 0 0 0O ] ]
population as cases

Control group is appropriate 0 0 0O ] ]
Selection procedures are identical in -~ [] [] [] [] ]
cases and controls

Matching is appropriate 1 0 [ ] ]
Variables

Drug exposure

Data sources are described and 0 0 0O ] ]
appropriate

Choice of studied drugs is justified 0 0 0O ] ]
Drug exposure assessment methodis [ ] [] [] ] ]
described and justified

Case/control status is masked when [ [] [] ] ]

assessing exposure
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Collision data

Data sources are described and
appropriate

[]

Collision characteristics are accounted [ |

for

Accounting for potential confounders

Age

Gender

Associated diseases

Number of kilometres/miles driven
Alcohol and other drugs

Statistical methods

Sample size calculation
Appropriate estimates and models
Control for confounding
Sensitivity analysis

Results

Number of subjects reported
Number of refusals reported
Description of all groups

Reported confidence intervals or p

Discussion
Key results/study objective

I .
I .
I

I
I
I

I
I
I

[]

Limitations and possible biases discusséd

[]
[]

[]
L]

I IOt []

I

I I . ]

I

[]
L]

(Y=Yes, I=Incomplete, N=No, NA= Not Applicable, DN#Oo Not Know)

Conclusion

Quality
Outstanding

Good
Average
Poor

1]

Discussion
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APPENDIX 2

Standardized reports on injurious road traffic bess- Bulletins
d’Analyse des Accidents Corporels (BAAC)

1 - CARACTERISTIQUES

Colonne| longueu Intitulé remarques CerERERh g
- : variable
1(1-2 2 10
2|3-9 7 Code Unité cadré a gauche
3110-14 5 Numéro P.V.
4(15-16 2 Numeéro de feuillet
x5(17 1 Organisme 1 - Gendarmerie
2 - Préfecture de Police de Pari
3-C.R.S.
4-P.AF.
5 — Sécurité publique
x6|18-19 2 Jour
X7|20-21 2 Mois
x8|22-23 2 An
9|24 1 Fille? A blanc
x10]25-26 2 Heure
x11|27-28 2 Minute
x12|29 1 Lumiere 1 - plein jour
2 - crépuscule ou aube
3 - nuit sans éclairage public
Nuit avec éclairage public
4 - non allumé
5 —allumé
x13|30 a 32 3 Département Code INSEE cadré a gauche
X14|33 a 35 3 Commune Code INSEE
x15|36 1 Localisation* 1 - hors agglomération
2 - en agglomération
x16|37 1 Intersection 0 — non renseigné
1 - hors intersection
En intersection ou a proximité
immédiate
2-enX
3-enT
4-enY
5 - a plus de 4 branches
6 - giratoire
7 - place
8 - passage a niveau
9 — autre

% Suppression de type de jour.
% La variable « localisation » passe de 9 & 2 mtali
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Colonne| longueu Intitulé remarques CaEEiEE a
= ; variable
x17|38 1 Conditions 1 — normale
atmosphériques 2 - pluie légére
3 - pluie forte
4 - neige - gréle
5 - brouillard - fumée
6 - vent fort - tempéte
7 - temps éblouissant
8 - temps couvert
9 — autre
x18|39 1 Type de collision Véhicule contre véhicule
1 — frontale
2 — par l'arriere
3 — par le coté
Accident impliquant au moins
3 véhicules
4 — collisions en chaine
5 — collisions multiples
Autre collision
6 — Autre collision
7 — Sans collision
19|40 a 63 24 Adresse postale du ligu
acc
20|64 1 Filler A blanc
21|65a79 15 Coordonnées GPS
22|80 1 Identifiant BAAC 2002 | 1 — pour les BAAC 2002 issu
d’un transcodage de BAAC 93.
2 — pour tous les BAAC version
2002
2 - LIEUX
colonne| longueu Intitulé remarques CerEmERh g
- : variable
1(1-2 2 200u2l
2|3-9 7 Code Unité
3110-14 5 Numéro P.V.
4(15-16 2 Numeéro de feuillet
5(17 1 Organisme 1 — Gendarmerie
2 - Préfecture de Police de Pari
3-C.RS.
4-P.AF.
5 — Sécurité publique
6|18 1 Code route

® Voir annexe sur la codification du GPS.
® Dans la version 1993, ce caractére était laisséri.
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colonne| longueu Intitulé remarques CREEEE GE|
= ; variable
19 1 Catégorie 1 — Autoroute
X 2 - Route Nationale
3 - Route Départementale
7 4 - Voie Communale
5 - Hors réseau public
6 - Parc de stationnement
ouvert a la circulation publique
9 — autre
8|20-24 5 numero de voie ( = numeéro route)
9|25 1 2 : bis, 3 : ter indice numérique
10|26 1 Lettre : indice de la voie indice alpha
x11|27 1 Régime de circulation | 0 - non renseigné ou sanbjet
1 - a sens unique
2 - bidirectionnelle
3 - a chaussées séparées
4 - avec voie(s) a affectation
variable
x12|28-29 2 Nombre total de voies
de circulation
13|30 1 Filler a blant
x14|31 1 Voie spéciale : 0 - non renseigné ou sans obje
Existence 1 - piste cyclable
2 - bande cyclable
3 - voie réservee
X15(32 1 Profil en long 0 — non renseigné
1 — plat
2 - pente
3 - sommet
4 - bas de cote
16(33-36 4 N° borne - PR Point kilométrique - poiniéee
17|37-40 4 Distance - PR (m) Point kilométrique - poepere
X18|41 1 Tracé en plan 0 - non renseigné
1 - partie rectiligne
2 - en courbe a gauche
3 - en courbe a droite
4-enS
19|42 1 Filler a blartt
20(43-45 3 Largeur (en décimeétres)
Terre-plein central
21(46-48 3 Largeur route hors (en décimeétres)
TPC

" Suppression du « marquage chaussée »
8 Suppression de « état de la route »
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i

colonne| longueu Intitulé remarques CREEEE GE|
= ; variable
x22|49 1 Etat de la surface 0 — non renseigné
1 - normale
2 - mouillée
3 - flagues
4 - inondée
5 - enneigée
6 - boue
7 - verglacée
8 - corps gras - huile
9 — autre
x23|50 1 Aménagement 0 — non renseigné ou sans objet
infrastructure 1 - souterrain - tunnel
2 - pont - autopont
3 - bretelle d'échangeur
4 - voie ferrée
5 - carrefour aménagé
6 - zone piétonne
7 - zone péage
24|51 1 Situation de l'accident | 0 — non renseigné
1 - sur chaussée
2 - sur BAU
3 - sur accotement
4 - sur trottoir
5 - sur voie cyclable
25(52-53 2 Filler a blarfc
26|54-55 2 Filler a blarié
27(56-57 2 Proximité d’'une école | 00 — Non renseigné
03 — a proximité d’'une école
99 — Non a proximité!
28|58-59 2 Filler a blart¢
29|60-80 21 Filler a blanc
3 - VEHICULES
colonne| longueu intitulé remarques Garactercidel
. ; variable
1(1-2 2 3X
213-9 7 Code Unité
3|10-14 5 Numéro P.V.
4115-16 2 Numéro de feuillet
5(17 1 Organisme 1 - Gendarmerie
2 - Préfecture de Police de Pari
3-C.RS.
4-P.AF.
5 — Sécurité publique
6|18 1 Lettre conventionnelle

° Suppression de « signalisation 1 »

10 Suppression de « signalisation 2 »

' Remplacement de « environnement 1 » par « podleé
2 Suppression de « environnement 2 »
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colonne
S

longueu
r

intitulé

remarques

Caractéere de la
variable

\‘

19

1

Code route

20

1

véhicule ou conducteu
en fuite

0 — sans objet

1 - véhicule en fuite
2 — conducteur en fuité®

21

Sens de circulation

0 - non renseigné ou sans objet
1 - PK ou PR croissants
2 - PK ou PR décroissants

10

22-23

Catégorie
administrative

01 — bicyclette

02 - cyclomoteur

03 - voiturette ou tricycle a
moteur

04 - scooter immatriculé
05 - motocyclette

06 - side-car

07 - VL seul

08 - VL + caravane

09 - VL + remorque

10 - VU seul 1,5T <= PTAC <=

3,5T
11 -VU (10) + caravane
12 - VU (10) + remorque

13 - PL seul 3,5T <PTCA <=

75T

14 - PL seul > 7,5T

15 - PL > 3,5T + remorque
16 - tracteur routier seul
17 - tracteur routier + semi-
remorque

18 - transport en commun
19 - tramway

20 - engin spécial

21 - tracteur agricole

99 - autre véhicule

11

24-26

département ou pays
immatriculation

Code INSEE cadré a gauche

pour les départements,

Code du pays cadré a gauche

pour les immatriculations
étrangeres.

12

27-28

Date premiére mise er
circulation mois

13

29-30

Date premiére mise er
circulation année

14

31-32

N

Filler

a blant

15

33-34

N

Filler

a blarté

16

35-42

Filler

a blané

13 Ajout de la modalité « conducteur en fuite », omipa ainsi décrire un véhicule sans son conducteur
4 Suppression de « date du dernier contréle teckniqu

51dem

% e « type de véhicule » passe de 8 & 15 caractBess repoussé en fin d’enregistrement
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colonne
S

longueu
r

intitulé

remarques

Caractere de |
variable

¥

17

43

1

Appartenant a

0 - non renseigné

1 — conducteur

2 - véhicule volé

3 - propriétaire consentant
4 - administration

5 — entreprise

18

44

Véhicules spéciaux

0 — non renseigné ou sabget
1 —taxi
2 - ambulance
3 - pompiers
4 - police - gendarmerie
5 - transports scolaires
6 - matieres dangereuses
9 — autres

19

45

Facteur lié au véhicule

0 — non renseigné ou sans obje
1 - défectuosité mécanique

2 - éclairage - signalisation

3 - pneu usé

4 - éclatement de pneu

5 - chargement

6 - déplacement du véhicule

7 — incendie du véhicule

9 — autre

~—+

20

46

filler

a blant

21

a7

Assurance

0 — non renseigné
1 —oui
2 - non

3 — non présentation

" Suppression de « chargement du véhicule »
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colonne
S

longueu
r

intitulé

remarques

Caractere de |
variable

¥

22

48-49

2

Obstacle fixe heurté

01 - véhicule en s@atinement
02 - arbre
03 - glissiere métallique
04 - glissiere béton
05 - autre glissiere
06 - batiment, mur, pile de pont
07 - support signalis. vertic. ou
PAU
08 - poteau
09 - mobilier urbain
10 - parapet
11 -ilot, refuge, borne haute
12 - bordure de trottoir
13 - fossé, talus ou paroi
rocheuse
14 - autre obstacle fixe sur
chaussée
15 - autre obstacle fixe sur
trottoir ou accotement
16 - sortie de chaussée sans
obstacle
00 — sans objet

23

50

Obstacle mobile heurté

0 — non renseigné ou sans obje
1 — piéton
2 - véhicule

4 — véhicule sur ralil

5 - animal domestique

6 — animal sauvag®

9 - tout autre obstacle mobile

~—+

24

51

Point de choc initial

0 — non renseigné
1 - avant
2 - avant droit
3 - avant gauche
4 - arriére
5 - arriere droit
6 - arriere gauche
7 - cOté droit
8 - cOté gauche

9 - chocs multiples

'8 Dédoublement de la modalité « animal » en « angaalage » et « animal domestique »
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colonne
S

longueu
r

intitulé

remarques

Caractere de |
variable

¥

25

52-53

2

Manceuvre principale
avant 'accident

00 — non renseigné

Circulant ©

01 - sans changement de
direction

02 - méme sens, méme file

03 - entre deux files

04 - en marche arriére

05 - a contresens

06 - en franchissant le TPC

07 - dans couloir bus dans
méme sens

08 - dans couloir bus en contre
sens

09 - en insertion

10 - en faisant 1/2 tour sur
chaussée

Changement de file :

11 et 12 - & gauche et & droite
Déporté :

13 et 14 - a gauche et a droite
Tournant :

15 et 16 - a gauche et a droite
Dépassant :

17 et 18 - a gauche et a droite
Divers :

19 - traversant la chaussée

20 - manceuvre de
stationnement

21 - manceuvre d'évitement

22 - ouverture de porte

23 - arrété ( hors stationnement
)
24 — en stationnement (avec
occupants)

26

54-56

Nombre d'occupants
dansle T.C.

conducteur compris; pour les
transports en commun
seulement (sinon : 000)

27

57

Filler

espace séparateur (blanc)

28

58-59

Filler

a blanc

29

60

Filler

a blanc

30

61-75

Type de véhicule

Code CNIT

31

76-80

OOGHI\JH

filler

4 - USAGERS

colonne
S

longueu
r

intitulé

remarques

Caractere de |
variable

¥

=

1-2

4x

N

3-9

Code Unité

10-14

2
7
5

Numéro P.V.
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colonne| longueu intitulé remarques CREEEE GE|
= ; variable
4(15-16 2 Numeéro de feuillet
5(17 1 Organisme 1 - Gendarmerie
2 - Préfecture de Police de Pari
3-C.R.S.
4-P.AF.
5 — Sécurité publique
6|18 1 Lettre conventionnelle
7119 1 Place dans le véhicule| 0 — sans objet (piéton)
1a9
8|20 1 Responsabilité préesuméeresponsable présumé
sinon O
9|21 1 Catégorie 1 - conducteur
2 - passager
3 — piéton
4 — piéton en roller ou en
trottinette
10|22 1 Gravité des blessures | 1 —indemne
2 -tué
3 - blessé grave
4 - blessé leger
11|23-24 2 Filler a blarit
12|25-26 2 Filler a blare
13|27-28 2 Filler a blart¢
14|29 1 Catégorie socio 1 — conducteur professionnel
professionnel 2 — agriculteur
3 — artisan, commergant, prof.
ind.
4 — cad. sup., prof. lib., chef
d’entr.
5 — cadre moyen, employé
6 —ouvrier
7 — retraité
8 — chémeur
9 — autre
A — étudiant
15(30 1 Sexe 1 — masculin
2 — féminin
16|31-33 3 Filler a blare
17|34-36 3 Résidence : Code INSEE cadré a gauche
département ou pays |pour les départements
Code du pays cadré a gauche
pour les étrangers.
18|37-38 2 Mois Naissance
19|39-42 4 année Naissance

19
20
21
22

Suppression de « AIS »
Idem
Idem
Suppression de « Nationalité »
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colonne
S

longueu
r

intitulé

remarques

Caractere de |
variable

i

20

43

1

Facteur lié a I'usager

0 — non renseigné oursaobjet
1 - malaise — fatigue
2 - médicament - drogue
3 - infirmité
4 - attention perturbée

5 — ivresse apparente

21

44

Alcoolémie
(conducteur et piéton)

0 — sans objet ( passagers )
1 — impossible

2 - refusé

3 — prise de sang

4 - éthylometre

5 - résultat non connu

6 - dépistage négatif

22

45-47

Taux d'alcoolémi&

Si cette rubrique n’est pas rempli, elle codé a
blanc. Ceci permettra de distinguer un non
remplissage d’'un code ‘0’ : pas d’'alcoolémie.

23

48

Permis de conduir&

0 — non renseigné ou sans objg
1 —valide

2 - périmé

3 - suspendu

4 — conduite en auto-école
5 - catégorie non valable

6 - défaut de permis

7 — conduite accompagnée

—

24

49-50

N

mois Date d'obtention

25

51-52

Année Date
d'obtention

26

53

Trajet

0 — non renseigné

1 - domicile / travall

2 - domicile / école

3 - courses / achats

4 - utilisation professionnelle
5 - promenade / loisirs

9 — autre

27

54-58

(63}

lére infractio®

CODE « NATINF »

28

59-63

2™ infraction

CODE « NATINF »

29

64

Equipements de
sécurité : existence

1 - ceinture

2 - casque

3 - dispositif enfant

4 - équipement réfléchissant
9 - autre équipement de
sécurité

30

65

Equipements de
sécurité : utilisation

1-oui
2 - non

3 - non déterminable

% e taux doit dorénavant étre rempli méme pouradesolémies en dessous de 0.5g/l

24 La modalité ‘apprentissage de la conduite’ edbgélée en ‘conduite en auto-école’ et ‘conduite
accompagnée’
% Le référentiel des infractions passe sous le forATINF » codé sur 5 caractéres au lieu de Ze@nt.
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colonne
S

longueu
r

intitulé

remarques

Caractere de |
variable

¥

31

66

1

Manceuvre du piéton -
localisation

0 — non renseigné ou sans obje
sur chaussée

1 - a plus de 50 m du
pass.piéton

2 - amoins de 50 m du
pass.piéton

sur passage piéton

3 - sans signalisation lumineuseg
4 - avec signalisation lumineuse

divers

5 - sur trottoir

6 - sur accotement ou B.A.U.
7 - sur refuge

8 - sur contre-allée

~—+

32

67

Manceuvre du piéton —
Action

0 — non renseigné ou sans obje
Se déplacant

1 - sens véhicule heurtant
2 - sens inverse véhicule
heurtant

divers

3 - traversant

4 - masqué

5 - jouant - courant

6 - avec un animal

9 - autre

0 - non renseigné

~—+

33

68

Piéton

0 — non renseigné ou sans obj
1 - seul

2 - accompagné

3 - en groupe

34

69

=

filler

espace séparateur (blanc)

35

70-72

w

Filler

A blanc

36

73

Drogue par dépistage

0 — non renseigné ou saget
1 — non fait
2 — impossible
3 —refusé
4 — positif pour au moins un
produit
5 — négatif pour tous produits

37

74

Drogue par prise de
sang

0 — non renseigné ou sans obje
1 — non fait

2 — impossible

3 —refusé

4 — positif pour au moins un
produit

5 — négatif pour tous produits

6 — résultat inconnu

~—+

38

75-80

Filler

espace séparateur (blanc)
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APPENDIX 3

Scoring guidelines for responsibility assignmeRbbertson and Drummer

Mitigating category

1. Condition of road

Sealed road*
Two or more lands and smooth
Divided road
Two or more lanes and rough
Unmarked, thin and smooth
Unmarked, thin and rough

Unsealed road
Smooth
Rough and/or corrugated

2. Condition of vehicle
Roadworthy
Unroadworthy (contribution to accident unclear)
Unroadworthy (contributing to accident)

3. Driving conditions

Day
Clear and/or cloudy
* Fog and/or mist, clear and windy (>40 kph)
* Visibility good and road wet
Showers and/or rain

Night
t $Clear
 Cloudy
Fog/mist/showers/rain/ice/wind

4.  Type of accident

Single-vehicle
No influence from other vehicles
Influence from other vehicles

Multi-vehicles
Striking vehicle attempting to avoid
Striking vehicle not attempting to avoid
Struck vehicle in the wrong
Struck vehicle in the right

5. Witness observations

No apparent reason

Reckless
Swerving
Irregular driving

Negligent
Witnessed road infringement
Lack of road sense

Vehicle fault

Driver not to blame

6. Road law obedience
Was driver obeying road laws ?
Yes
No

Score

N B~

W

wHHI\)

= W
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Mitigating category Score

7. Difficulty of task involved

Straight road or sweeping band 1
§ Accross lanes in

Heavy traffic

Light traffic
Winding road/sharp bend/U-turn
Overtaking
Avoiding unexpected traffic

8. Level of fatigue
Onlyif mentioned in police reports 2

WMNDNEDN

* Add 1 if road has been newly resurfaced

T If in heavy traffic, add 1 point

1 If not lighted, add 1 point

§ Scores 1, if under the guidance of traffic signa

119



APPENDIX 4
Scoring guidelines for responsibility assignmeSAM study

Entrée
Etar = Etat de la route
Circ = Régime de circulation
Catr = Catégorie de la route

EtatChaussée = 0

A
EtatChaussée = 1

Etar <> 0 et <>1 et <>2

| EtatChaussée = EtatChaussée + 1 |

Sortie
EtatChaussée

Figure 1 : Algorithme utilisé pour le calcul du see pour la classe relative au facteur lié a la raut

Entrée
Facv = Facteur lié¢ au véhicule

EtatVéhicule = 0

Facv=00u2o0u3

| EtatVéhicule = 1 | | EtatChaussée = 4 | | EtatChaussée = 2 |

y

Sortie
EtatVéhicule

Figure 2 : Algorithme utilisé pour le calcul du see pour la classe relative au facteur lié au véhieu
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Entrée
Lum = Luminosité
Atm = Conditions atmosphériques
Surf = Etat de surface

CondCirculation = 0

Atm=4o0u5o0u6

v y v
CondCirculation = 1 |<— CondcircuW CondCirculation = 3 |<—

A 4

Sortie
CondCirculation

Figure 3 : Algorithme utilisé pour le calcul du see pour la classe relative au facteur lié
aux conditions de circulation.

Entrée
Nbv = Nombre total de véhicules
Nbp = Nombre total de piétons
Manv = Manceuvre principale avant I'accident
Resp = Responsabilité
Obsm = Obstacle mobile heurté
Rgv = Numéro du véhicule

TypoAccident =0

A A

TypoAccident = 3 | | TypoAccident = 1 TypoAccident = 2 | | TypoAccident = 4

Sortie
TypoAccident

Figure 4 : Algorithme utilisé pour le calcul du see pour la classe relative au facteur lié
a la typologie de 'accident.
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Entrée
Manv = Manceuvre principale avant I'accident
Infl = Infraction n°1
Inf2 = Infraction n2

RespectCode = 0

Inf1<>0 et <>Null
Ou
Inf2<>0 et <>Null

| RespectCode = 1 | | RespectCode = 3 |

Sortie
RespectCode

Figure 5 : Algorithme utilisé pour le calcul du see pour la classe relative au facteur lié
au respect du code de la route.

Entrée
Manv = Manceuvre principale avant I'accident
Inter = Présence d'une intersection
Plan = Tracé en plan

TacheComplexe = 0

Plan =2 ou3ou4

Y
| TacheComplexe = 2 |<— | TacheComplexe = 1 I:

Sortie
TacheComplexe

Figure 6 : Algorithme utilisé pour le calcul du see pour la classe relative au facteur lié
a la complexité de la tache effectuée par le conguc.
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Entrée
EtatChaussée = Etat de la chaussée
EtatVéhicule = Etat du véhicule
CondCirculation = Conditions de circulation
TypoAccident = Typologie de I'accident
RespectCode = Respect du code de la route
TacheComplexe = Complexité de la tache

Score = ( EtatChaussée
+ EtatVéhicule
+ CondCirculation
+ TypoAccident
+ RespectCode
+ TacheComplexe) * 8/ 6

EtatChaussée = 0 Ou EtatVéhicule = 0

Ou
CondCirculation = 0 Ou TypoAccident = 0
Ou
RespectCode = 0 Ou TacheComplexe = 0

l

| Responsabilité = 0

| | Responsabilité = 1 | | Responsabilité = 3 | | Responsabilité =5 |

Sortie
Responsabilité

Figure 7 : Algorithme de détermination de la respsabilité a partir de I'attribution des scores.
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APPENDIX 5
Revision submitted; Plos Medicine

PRESCRIBED MEDICINES AND THE RISK OF ROAD TRAFFIC
CRASHES: RESULTS OF A FRENCH REGISTRY-BASED
STUDY

Ludivine Orriols®, Bernard Delormé&, Blandine Gadegbek?j Aurore Tricotel?, Benjamin
Contrand', Bernard Laumon, Louis-Rachid Salmi*, Emmanuel Lagarde on behalf of the

CESIR research group

! Equipe Avenir prévention et prise en charge desnmismes, Centre de recherche
INSERM U897 "Epidémiologie et Biostatistiques”, tihg# de Santé Publique
d’Epidémiologie et de Développement (ISPED), Urmsitér Victor Segalen Bordeaux 2,
France

2 Service de I'évaluation, de la surveillance dyuis et de I'information sur le médicament,
Agence Francaise de Sécurité Sanitaire des PratkiiBanté (Afssaps), Saint-Denis, France
% Université de Lyon, Lyon, F-69003, France ; INRETSnrestte, UMR T 9405, Bron, F-
69675

* Service d'information médicale, CHU de Bordeawsrfee
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ABSTRACT

Background In recent decades, increased attention has bemrsdd on the impact of
disabilities and medicinal drug use on road safétye aim of our study was to investigate the
association between prescribed medicines and $ikeofi road traffic crashes, and estimate
attributable fraction.

Methods and findings: We extracted and matched data from three exhaugtrench
nationwide databases: the national healthcare anser database, police reports, and the
police national database of injurious crashes. ésvdentified by their national healthcare
number, involved in an injurious crash in Francetween July 2005 and May 2008, were
included. Medicines were grouped according to tler frisk levels of the French
classification system [from O (no risk) to 3 (higbk)]. We included 72,685 drivers involved
in injurious crashes. Users of level 2 (OR=1.312411.40]) and level 3 (OR=1.25 [1.12-
1.40]) prescribed medicines were at higher riskbeing responsible for the crash. The
association remained after adjustment for the ps®f a long-term chronic disease. The
fraction of road traffic crashes attributable tedls 2 and 3 medicines was 3.3% [2.7%-
3.9%]. A within-person case-crossover analysis stbtiat drivers were more likely to be
exposed to level 3 medicines on the crash daydhaacontrol day, 30 days earlier (OR=1.15
[1.05-1.27]).

Conclusion The use of prescribed medicines is associated avithbstantial number of road
traffic crashes in France. A follow-up study is dee to evaluate the impact of the warning

labeling system on road traffic crash prevention.

125



INTRODUCTION

The risk of road traffic crashes associated withube of benzodiazepines on the risk of road
traffic crashes has now been documented with cmisresults in several studies
[1,2,3,4,5,6,7,8,9,10,11,12,13] but the effect thfeo medicines has hardly been assessed and
results of available studies are often inconsisfédt. This is particularly true for opioids
[2,8,9,12,15,16] and antidepressants [1,12,16AS{choactive medicines may impair driving
abilities due to their action on the central newaystem (e.g. sedation in the morning
following administration of an hypnotic), while @&h medicines may affect psychomotor
functions by their action on physiological functofe.g hypoglycaemic seizures related to
diabetic treatment) or due to central side effdetg. central nervous system depressant
potential of carisoprodol).

Within the European Union, it is mandatory for aaphaceutical company to provide data
regarding the effect of a medicine on the abilydrive and to use machinery prior its
commercialization.

The European Medicine Agency requested in 2003 dbénition of a standardized
classification of medicines according to four levef driving impairment risk, from level O
(no or negligible risk) to level 3 (major risk), arder to provide healthcare professionals and
patients with proper information regarding the et$eof medicines on driving abilities. The
European DRUID project (Driving Under the Influencé Drugs, alcohol and medicines)
identified 16 classification systems worldwide. [1&he International Council on Alcohol,
Drugs and Traffic Safety (ICADTS) proposed, in 20@6classification list based on the
Belgium, Spanish and French classifications. Im&ea a multidisciplinary group of experts
was appointed to classify all medicines accordmépur levels of risk in terms of their effect
on driving performances. [19] A graded pictogransw@be printed on the medicine packs of
all level 1 to 3 medicines (Figure 1). Pharmacaltcmmpanies gradually implemented this
policy from 2005 to 2008.

The aim of our study was to estimate the associdbetween medicine use, as estimated
using prescribed medicine dispensation data ofadtiware reimbursement database, and the
risk of injurious road traffic crashes, as welltlas fraction of crashes attributable to medicine

use in France.
METHODS

Ethics statement

This study was approved by the French Data Prote&uthority.
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Data sources
The study used three databases: the national basdtinsurance database, and two police

databases referring to the same road traffic a@aeshts but with different format and content.

Police reports

French police forces are supposed to fill in aqeleport for each injurious crash occurring
in the country (about 70,000 reports each year).déme of the drivers involved in these
injurious road traffic crashes, the national headtk number (national ID) is recorded in the
police report and can later be matched with mediaispensing records of the healthcare
insurance database. Police reports are scannest@md as image files. All available police

reports in France were gathered over the studpgeri

Police national database of injurious road traftiashes

Police forces also collect details on each injuictash event which are computerized in the
police national database of injurious crashes @ d’Analyse d’Accident Corporel
[BAAC]). This standardized database contains dpsed variables about crash
characteristics, vehicles and people involved. deoliforces also conduct additional
investigations regarding injury severity from hdapirecords and categorize the people
involved in four groups: unhurt, slightly injureskeriously injured (hospitalized more than 24
hours) or killed (in the 30 days following the dmasAll drivers involved in a road traffic
crash are supposed to be tested for the preseraleadfol using a breath test. If this test is
positive & 0.5 g/L), the driver refuses to take the testher $everity of the crash makes the
test impossible, then the blood alcohol concemmaiis measured. If the breath test is
negative, then the driver is registered as notdgeimder the influence of alcohol. Missing
data on alcohol impairment correspond to the falhgwsituations: the result of the blood
measurement was unknown at the time of data enttlyd database, the blood measurement
was impossible (not enough blood for example),teath test was not done by the police,
the breath test was positive but the measuremeiionfd alcohol concentration was not

realised or the breath test was negative but itves€oded in the database.

Healthcare insurance database

The national healthcare insurance database (SNNR-@overs the whole French population
(64 million people in 2008) and includes data amhaeirsed prescription medicines. A record
Is added to the database each time a prescriptamticme is dispensed to an outpatient at the
pharmacy, including national ID, date of dispensargl the seven-digit code (CIP code)

assigned to the medicine at the time of its mankegiuthorization. Data on long-term chronic
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diseases are also registered in this database, thith ICD-10 code (International
Classification of Diseases code), start and endsdat the disease. In France, patients are
fully reimbursed for health care expenses, inclgdiredicines, related to 30 recognized long-

term chronic diseases. [20]

National ID extraction and matching procedures

The first step of the study consisted in extractangd matching data from the French
exhaustive nationwide databases described above.

Drivers involved in an injurious crash in Francefvieeen July 2005 and May 2008, were
included through their national ID, gender and ddtbirth extracted from police reports. An
application, based on Optical Character Recognifo@R), was developed for automatic
extraction from the image files of the crash date] individual’s national ID, gender and date
of birth. The extraction procedure was validatedassubsample of 293 police reports, which
were printed and coded manually.

A procedure was implemented to match each individiose ID was extracted from police
reports, with the corresponding record from thegeohational database of injurious crashes.
Two records were considered matched if they wene@alant for six descriptive variables. If
a pair was discordant for three or more variahbtasas considered unmatched. For pairs with
concordance for less than six variables and mae three variables, a probabilistic linkage
method was developed [21]. When a decision coutdbeomade automatically, pairs were
reviewed by hand.

Data on reimbursed medicines, dispensed withimsxths before the crash, were obtained
by linking included drivers to the national healdhe insurance database using their national
ID, gender and date of birth.

Security of personal information was ensured byngisithe personal information

anonymization function of the healthcare nationalrance system [22].

Medicines and exposure periods

Day-by-day medicine exposure was estimated for @henmacotherapeutic class, according
to the WHO Anatomical Therapeutic Chemical (ATGsdification. Medicine exposure was
considered starting on the day following dispensamgl exposure duration was estimated
from median values reported within a survey on miadi prescription in France.[23] This

survey was conducted among 800 practitioners, septative of French physicians, three
times a year, over a seven-day period. To ensuwat pghescribed medicines were not a
consequence of the crash, medicines dispensecamabh day were not considered.
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We studied all dispensed and reimbursed presoniptiedicines grouped according to the
French risk classification. [24]

A multidisciplinary group of experts elaboratedstfour-level risk classification. The grading
method considered all available data: pharmacodigsamnd kinetics effects, individual

sensitivity, conditions of use of each medicineanpmacovigilance data, experimental and
crash study data. [25] This classification ranksfbur levels of driving impairment risk from

level O (no or negligible risk) to level 3 (majask). A graded pictogram is printed on the

medicine packs of all level 1 to 3 medicines, tbgetwith a written warning (Figure 1).

Level @ Medicinal products with no pharmacodynamics dffdely to alter the ability to
drive, in the present state of knowledge. (6,288inlees)

Level 1: Medicinal products which do not generally questibe ability to drive but require
patient information. (1,190 medicines)

Level 2 Medicinal products which could affect the abilitydrive and require medical advice
before use. (1,601 medicines)

Level 3 Medicinal products which affect the ability tawdr during their use. (194 medicines)

Responsibility determination

Responsibility levels in the crash were determibgda standardized method adapted from
Robertson and Drummer’s [26]. This method, recendlijdated in France within the police
national database of fatal crashes [27], takesdotount the different factors likely to reduce
driver responsibility: road, vehicle and drivingndiitions, type of accident, traffic rule
obedience and difficulty of task involved. A scaseassigned to each driver for each of these
factors from 1 (favourable to driving) to 4 (novéaurable to driving). The higher the sum of
the scores is, the more the conditions are unfalmero driving, and thus the more likely the
driver will be considered as non-responsible far thash. Drivers are further grouped into
responsible drivers (score < 15) or non-responsibleers (score 15).

This method used to determine the driver’s resplitgi in the crash was approved by an

independent expert evaluation of responsibilityp(sa=0.71).

Analysis

Subject inclusion

Subjects whose police reports did not contain thafironal ID could not be included. Drivers
were censored at their first involvement in a raadfic crash in order to mitigate the impact
of previous crashes on medicine exposure. We cadpancluded with non-included

subjects, regarding age, gender, injury severighiale type, crash location, type of police
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forces who filled in the police report, alcohol éwand responsibility status. This analysis was
performed by logistic regression.

Responsibility analysis

The principle of responsibility analysis is to caang exposure probabilities on the day of
crash between responsible drivers (cases) and esponsible drivers (controls) [26]. This
method ensures that both cases and control ardexieom the same driving population.
Statistical analyses were conducted using logistigression. The associations between
responsibility and age, gender, socioeconomic oayegear, month, day of week, time of
day, location, vehicle type, alcohol level and igjgeverity were initially investigated using
bivariate analysis: associated variables were dedun the multivariate model when their p-
value was less than 20% (Chi-squared test). Thssthw@ case for all variables except for year
of crash which was forced into the model becaugsqiption patterns may have changed
between the 2005-2006 and 2007-2008 periods. Fuathedyses adjusted for the presence of
long-term chronic diseases. We tested the intenagtbetween exposure and each of the
adjustment variables.

Attributable fractions were estimated from the athd odds ratio estimates and the
prevalence of exposure in responsible drivers [28hfidence intervals were computed using
the bootstrap method [29,30], estimated from tHg" Zand the 978 percentiles of the

distribution resulting from 500 simulations.

Case-crossover analysis

The case-crossover analysis consisted on a paghedtanalytical approach to compare
medicine exposure during a period immediately eetbe crash (case period) with exposure
during an earlier period (control period) for theem®e subject [31]. We compared medicine
exposure on the crash day with medicine exposurthercontrol day. The washout period
between the case and control periods preventsesmmyual effect of an exposure in the control
period on the case period. In France, the duraifoa treatment dispensed at the pharmacy
cannot usually exceed 30 days (almost without exmepi.e. contraceptive pills), so the
duration of the washout period was determined atd®gs. Odds ratios were estimated by
conditional logistic regression, using the PHREGcpdure in SAS

Data were analyzed using the SAStatistical software package, version 9.0 (SASitlite
Inc, Cary, NC, USA).
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RESULTS

Study population

The validation study conducted on 293 police repshiowed that the national ID was recorded
for 140 of the 455 drivers involved (28%). The am&tic OCR software extracted 110 of these
140 national IDs (extraction rate=79%). Matchingthwihe police national database of
injurious crashes was possible for 90% of them. Tri@dusion rate of drivers was thus
expected to be around 20%.

The result of the overall extraction and matchimgcpdures for our study is illustrated in
Figure 2. We extracted 109,078 national IDs/genldée/ of birth, from 210,818 police reports
available from July 2005 to May 2008, correspondingany individual involved in an
injurious road traffic crash. Ninety percent of gheindividuals were matched with a
corresponding record in the police national datakmsnjurious crashes (72.8% fitted on all
variables, 14.0% were matched by the probabillstlkage method and 3.1% manually). The
linkage failed for 10% of the individuals, becauke ID corresponded either to a driver
involved in the crash but not captured in the mhational database or to an individual not
involved in the crash (e.g. a witness, the ownex wéhicle involved).

The procedure finally led to the inclusion of 756&ivers (34,896 responsible and 37,789
non-responsible drivers), i.e.18.5% of the 392,t69ers registered in the police national
database of injurious crashes. Baseline charattsrisf the study population are presented in
Table 1. Injury severity was the main factor asated with the probability of being part of the
study (OR=3.43 [3.29-3.58] for seriously injuredvedrs and OR=2.67 [2.57-2.77] for slightly
injured drivers), thus explaining higher ratesraflusion for bicycle (OR=1.24 [1.16-1.33] and
scooter drivers (OR=1.09 [1.03-1.16]) and drivergoived in non-urban accidents (OR=1.14
[1.10-1.18]), all of whom have been consistentlgutaented in literature to be more seriously
injured. The inclusion rate was slightly lower f@sponsible drivers than for non-responsible
drivers (OR=0.91 [0.88-0.94]).

Exposure to medicines

Twenty seven percent (n=19,777) of the driversudetl in the study were exposed to at least
one prescribed medicine on the crash day. There 4167 drivers (18%) exposed to at least
one prescribed medicine of level 1, 2 or 3. (T&)le

Table 3 shows the main pharmacotherapeutic classsson the crash day among level 2 and
3 medicines by ATC class'3evel of the ATC system).

When adjusted for variables found to be associatgd responsibility in the crash (age,
gender, socioeconomic category, year, month, dayeek, time of day, location, vehicle type,

alcohol level, injury severijyand for medicines of others levels, the use ofeast one
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medicine of level 2 or level 3 was associated whih risk of being responsible for a crash
(OR=1.31 [1.24-1.40] and OR=1.25 [1.12-1.40]). Tise of level 0 medicines was associated
with a decreased risk of being responsible foraslt(OR=0.92 [0.88-0.97]). The risk of being
responsible was not significant for the risk lete(Table 4). The fractions of road traffic
crashes attributable to levels 2 and 3 medicinewese 3.0% [2.4%-3.5%] and 0.7% [0.4%-
0.9%] respectively. The global fraction attribd&alto both level 2 and 3 medicines
(considering exposure to level 2 or level 3 medision the crash day) was 3.3% [2.7%-3.9%)].
The associations remained after adjustment for-teng chronic diseases (OR=0.92 [0.88-
0.97] for level 0, OR=1.30 [1.22-1.38] for levebAd OR=1.24 [1.11-1.39] for level 3). There
was no interaction of medicine use with alcoholstonption (p=0.84 for level 2 and p=0.23
for level 3). The information on alcohol level wasissing for 9,919 subjects (13.6%).
Excluding these subjects from the univariate ansillggl to no significant change in estimated
odds ratios. We did not find any interaction betw#ee use of level 2 or level 3 medicines and
the adjustment variables.

Among level 2 medicines, the risk of being respblesfor a crash was significantly higher for
drugs used in diabetes (A10), antiepileptics (NQ&ycholeptics (NO5), psychoanaleptics
(NO6) and other nervous system drugs (NO7). Thes edtio for psycholeptics of level 3 was
similar to that estimated for all level 3 medicirf&able 5).

The risk of being responsible for a crash gradualtyeased from 1.14 [1.06-1.22] for users
of one medicine of level 2 or 3 to 1.88 [1.58-2.&%]users of more than 3 medicines of level
2 or 3 (Table 6).

Results from the case-crossover analysis showttiatigally significant association between
the use of level 3 medicines and the risk of roaffit crash. There was no association with

level O, level 1 and level 2 medicines (Table 7).

DISCUSSION

We extracted data from exhaustive nationwide Frgradlte and health insurance databases,
over a three-year period. The process of natioDakxtraction and matching led to the
inclusion of 72,685 drivers involved in an injuribwad traffic crash, giving unprecedented
statistical power for a study on the impact of negdis on the risk of road traffic crashes.

We evidenced an increased risk of being responddylea crash for users of prescribed
medicines defined as presenting a level 2 or 18vesk of driving impairment according to
the French classification. The fraction of roadfitacrashes attributable to levels 2 and 3

medicine use was 3.3% [2.7%-3.9%)].
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The study protocol planned for the inclusion ofiege range of descriptive variables related
to the crash and to the drivers involved. In patic we were able to determine the
responsibility status of the driver in the craskl &m adjust for key confounding factors. The
responsibility analysis is a real strength of thelg as it allows for the comparisons of cases
and controls that share the same characteristliewfg drivers. In a previous study on the
impact of illegal drug consumption, using the sgmoéice national database but limited to
fatal crasheg27], the same method used to determine responsibilgdy approved by an
independent expert evaluation of responsibilityrtikermore, because the responsibility
analysis relies on the assumption that non resplendrivers are representative of the driving
population, the authors of the previous study aéd the comparison of a subset of the non
responsible subjects with the driving populatiodriance [27]. Finally, the strong dose-effect
relationship found in our study between alcohokleand responsibility is a further indirect
validation of the method. Importantly, responstiilievels were computed independently of
alcohol and illicit drug use because of their patdnnteractions with medicine use.

Medicine exposure was ascertained from computenigedrds of reimbursed prescriptions
filled at the pharmacy. These data were not sulfgctinderreporting, a major problem
encountered when medicine exposure data is sedftep[5]. On the other hand, it is one of
the study limitations that dispensing dates wenesittered in this study as a surrogate for
actual consumption. We did not know whether the ioieels were actually ingested or not.
Non-compliance, which we were not able to checkuldiotherefore result in exposure
misclassification. Other studies using patientyetidata and the same dispensation database
showed that the healthcare insurance data areblesliadicators of actual exposure for
chronically used medicines, less for episodicabgdi medicines. [32] We assumed that the
exposure period started on the day after dispensimgnedicine dispensation on the day of
crash may have been a consequence of the crasthekiionitation was that exposure to self-
medication drugs can also not be estimated fronihé&adthcare insurance database. However,
less than 15% of medicines sold in France corresgomon-reimbursable medicines and
most of these products have no or negligible imfgeeon the ability to drive.

The comparison between included drivers by meanheif national ID and non-included
drivers showed that injury severity was associav@ti the probability of being part of the
study. Thus severely injured drivers were morelyike be included than slightly injured
drivers. Killed drivers and uninjured drivers stild lower inclusion rates. This can be
explained by the fact that injured drivers were enlikely to be admitted to hospital so their
healthcare number was more frequently noted inpthleee report. Thus, our study sample

slightly over-represented drivers injured in moggese crashes.
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After adjustment for crash and individual variablegluding exposure to other medicines,
the risk of being responsible estimate was lowdoedievel 3 medicines, the association
however remaining significant (from 1.56 [1.42-1.7d 1.25 [1.12-1.40]). The crude risk of
being responsible measured for level 3 medicines tvas partly related to these crash and
individual variables and particularly to a co-comgion of alcohol and level 2 medicines.
The protective effect of level 0 medicines couldelxelained by the treatment of those minor
acute diseases that may lead to an increasedfrisireg responsible for the crash. Indeed, a
number of specific physical and/or psychologicahditons are likely to influence driving
ability.

Surprisingly, we found no interaction between atdolevel reported by police forces and
medicine use, while alcohol is known to potentiatedicine effects. It should be noted
however that, as the presence of alcohol is noaydwiested in drivers involved in slight
injury crashes, this variable may be underestimatatreover, drivers who had a negative
breath test were not tested for precise blood alcobncentration which is supposed to be
less than 0.5g/L. Information about illicit drugeusas not available in any database.
According to our results, the French risk clasaiimn seems relevant regarding medicines
classified as levels 2 and 3 of risk for road tcaéfashes. Even if the risk for levels 2 and 3 is
similar, we believe that it is useful to differeate these two levels. For level 2 medicines,
their effect on driving abilities depends both &k pharmacodynamics of the drug and on
individual susceptibility; medical advice is thesed needed to appreciate the potential risk
for each individual. Various medicines are classifias level 2. The risks found for
psycholeptics and psychoanaleptics, mainly anxmdyand antidepressants, are concordant
with others studies. [2,10,11,12,16,17] The resuit@antiepileptics and other nervous system
drugs (in particular medicines used in opioid dejegrce) are of interest and deserve further
investigation. For some of the ATC classes in tei®l, the association in the responsibility
analysis was not significant; however, the numledrorers exposed to antihypertensives,
muscle relaxants, anti-Parkinson drugs and angimstes for systemic use, was small. On the
other hand, despite a relatively large number dijesiis exposed to analgesics (including
opioid analgesics), we found no association with fisk of being responsible for a crash.
Concerning level 3 medicines, the pharmacodynarfécteis predominant, so all users are
advised not to drive. The effects of level 1 medis may be so dependent on individual
susceptibility that an effect on driving abilitiesight be a rare event. The relevance of
labeling medicines grouped in this level 1 shotlkt¢fore be questioned.

The respective role of disease and the medicined tes treat it is difficult to disentangle.
After adjustment for the presence of a long-termroolt disease, results from the

responsibility analysis did not suggest an impdrtamfounding effect. In the case-crossover
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method, each subject is his own control and cordmghdue to individual factors is therefore
eliminated, particularly fixed characteristics sushlong-term chronic diseases. Other studies
used this approach to examine the relationship dmtwmnedicines and the risk of injury
[1,12,33]. The use of level 3 medicines was foumtbe associated with an increased risk of
road traffic crash both in the responsibility asgdyand in the case-crossover analysis.
However, the risk associated with level 2 medicimethe responsibility analysis (OR=1.31
[1.24-1.40])disappeared in the case-crossover analysis (OR+40.08-1.05]). The risk of
road traffic crashes associated with chronic expostu level 2 medicines can not be assessed
by a case-crossover design. Indeed, an individeadgua medicine throughout the study
period would be exposed on the crash date and ercdhtrol day. Our results on level 2
medicines are therefore likely to be related toithpact of chronic medicine consumption,
i.e. mainly drugs used in diabetes, opioids, anigpfics, anxiolytics and antidepressants. On
the other hand, hypnotics and sedatives, mainlyesgmting level 3 medicines, can be used
on an acute basis and their impact on road trafshes are detected with the case-crossover
analysis.

Our study provides evidence of the contributionnoédicines to the risk of road traffic
crashes. Improving driver behaviour is one of timallenges for road safety. Providing
patients with proper information on the potentiiéet of medicines on their driving abilities

is the main objective of drug and risk classifioas such as the French one. The European
Union is currently aiming to harmonise these cfasgion systems, using a reliable
methodology based on scientific evidences. Theeptespidemiological study provides some
sound evidence. A follow-up study is now needecevaluate the effect of the French
warning system on medicine packs on the prevemtiooad traffic crashes.
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Figure 1. French labeling system.

Be careful Be very careful Danger :
oy, Pead carefully Take advice from do not drive
the patient leaflet a physician or a pharmacist Seek medical advice

(TSN before driving before driving before driving aggin

Figure 2. Flowchart of the inclusion procedure.

Police Reports Police national database

of injurious crashes

210,818 reports* 234,679 records*
527,591 individuals including:

, , . 392,169 drivers
109,078 national IDs collected in police reports 135.422 others users

(pedestrians or passengers)

g

97,438 national IDs matched
(drivers, pedestrians or passengers)

|

72,685 drivers included

* The discrepancy between the number of police ntspand the number of records in the police nationa
database of injurious crashes is explained by dbethat a small proportion of unavailable repevése being

used for on-going further legal investigations.
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Table 1. Baseline characteristics.

N %

72,68t
Gender
Men 49,770 68.5
Women 22,915 31.5
Age (years)
<18 3,055 4.2
18-24 14,814 20.4
35-34 16,666 22.9
35-44 15,488 21.3
45-54 11,796 16.2
55-64 5,990 8.2
65-74 2,837 3.9
>75 2,039 2.8
Socio-economic category
Higher managerial and professional occupa 2,78 3.8
Intermediate occupations 24,984 34.4
Workers 11,887 16.4
Retired 6,449 8.9
Unemployed 3,021 4.2
Other/missing 16,014 22.0
Student 7,546 10.4
Vehicle type
Light vehicle 42,792 58.9
Bicycle 3,867 5.3
Scooter 10,099 13.9
Motorbike 10,458 14.4
Commercial vehicle 2,550 35
Heavy goods vehicle 1,342 1.9
Other 1,577 2.2
Injury severity
Unhurt 19,093 26.3
Slightly injured 26,327 36.2
Seriously injured 25,864 35.6
Killed 1,401 1.9
Alcohol (g/L)
<0.5 58,700 935
[0.5-0.8] 568 0.9
[0.8-1.2] 786 1.3
[1.2-2] 1,392 2.2
>2 1,320 21
Long-term chronic disease
No 61,698 84.9
Yes 10,987 15.1
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Table 2. Number of exposed drivers on the crash dayy classification and number of medicines

used

Number of medicines

Exposed drivers

Level O medicines

A OWDN P

>4
maximum level O
Level 1 medicines

A OWDNPRP

>4
maximum level 1
Level 2 medicines

A OWDNPRP

>4
maximum level 2
Level 3 medicines

1

2

3

4

maximum level 3

15,715 (21.6%)*
6,917

3,757

2,161

1,233

1,647

6,610

7,415 (10.2%)*
5,681

1,361

315

49

9

4,482

8,268 (11.4%)*
5,102

2,029

745

253

139

6,753

1,982 (2.7%)*
1,724

234

23

1

1,982

* exposed to at least one medicine of the riskllevesidered

# only considering exposure to medicine of the highlasel of risk
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Table 3. Level 2 and level Pharmacotherapeutic classessed on the crash day.

ATC class Level 2 medicines Level 3 medicines
Total 13,147 2,265
Alimentary tract and metabolism (A) 1,056 -
Insulins and analogues (A10A) 370 -
Blood glucose- lowering drugs, excl. insulins (ALOB 668 -
Cardiovascular system (C) 196 -
Antiadrenergic agents, centrally acting (C02A) 195 -
Musculo-skeletal system (M) 277 -
Muscle relaxants, centrally acting (M03B) 248 -
Nervous system (N) 10,870 2,265
Opioids (NO2A) 1,935 2
Antimigraine preparations (N02C) 337 -
Antiepileptics (NO3A) 1,053 -
Anti-Parkinsonian drugs (NQ4 175 -
Antipsychotics (NO5A) 804 8
Anxiolytics (NO5B) 2,843 471
Benzodiazepine derivatives (NO5SBA) 2,362 471
Antidepressants (NO6A) 3,122 -
Selective serotonin reuptake inhibitors(NO6AB) 318 -
Hypnotics and sedatives (NO5C) - 1,784
Benzodiazepine derivatives (NO5CD) - 295
Benzodiazepine related drugs (NO5CF) - 1,196
Hypnotics and sedatives in combination, - 293
excl. barbiturates (NO5CX)

Drugs used in addictive diseases (NO7B) 443 -
Drugs used in alcohol dependence (NO7BB) 69 -
Drugs used in opioid dependence (NO7BC) 374 -
Antihistamines for systemic use (R) 327 -
Phenothiazine derivatives (RO6AD) 216 -

ATC -= Anatomical Therapeutic Chemical classifioatsystem
Some drivers may have been exposed to severabsgiest from the same pharmacological subgroup, iexpda

the difference with the number of exposed driveesented in Table 2.
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Table 4.0dds ratios for responsible road traffic crashes irusers of prescribed medicines.

Exposed s Exposed .
_ OR; [95% CI] _ o OR.[95% CI] OR.[95% CI]*
drivers drivers
Level O 15,715 0.92 [0.88-0.95]***13,702 0.92 [0.88-0.97]* 0.92 [0.88-0.97]**
Level 1 7,415 0.96 [0.92-1.01] 6,478 0.96 [0.9021.0 0.95[0.89-1.01]
Level 2 8,268 1.24 [1.19-1.30]***7,102 1.31 [1.24-1.40]*** 1.30 [1.22-1.38]***
Level 3 1,982 1.56 [1.42-1.71]***1,679 1.25 [1.12-1.40]*** 1.24 [1.11-1.39]*

Reference group = drivers not exposed to mediahdése risk level considered
$ Crude Odds Ratios

£ Model computed for the 62,766 drivers with no nmgsvalues for the adjustment variables

* Odds Ratios adjusted for age, gender, socioecongatiegory, year, month, day of week, time of day,

location, vehicle type, alcohol level, injury seitqeand other level medicines
* Odds Ratios adjusted for age, gender, socioeconeatiegory, year, month, day of week, time of day,
location, vehicle type, alcohol level, injury seitqgrlong-term chronic diseases and other levelinieds

* p<0.01, ** p<0.001, *** p<0.0001

Table 5.0dds ratios for responsible road traffic crashes irusers of prescribed medicines by ATC

classes.

Exposed

_ OR,[95% CI]*

drivers®
Level 2
Drugs used in diabetes (A10) 795 1.20[1.03-1.40]*
Antihypertensives (C02) 172 1.07 [0.78-1.47]
Muscle relaxants (M03) 219 0.82[0.62-1.09]
Analgesics (N02J 1,845 1.04 [0.94-1.15]
Antiepileptics (NO3) 755 1.41 [1.21-1.65]*
Anti-Parkinson drugs (N04) 125 1.15[0.79-1.68]
Psycholeptics (N05) 2566 1.27 [1.15-1.40]*
Psychoanaleptics (N0O6) 2572 1.31 [1.19-1.44]**
Other nervous system drugs (N§7) 369 1.46 [1.16-1.84]**
Antihistamines for systemic use (RO6267 1.05[0.81-1.35]

< Model computed for the 62,766 drivers with no nmgsvalues for the adjustment variables
* Odds Ratios adjusted for age, gender, socioeconeatiegory, year, month, day of week, time of day,
location, vehicle type, alcohol level, injury seitqgrlong-term chronic diseases and other medicines

% Including opioids (N=1585), other analgesics antipgretics (N=22) and antimigraine preparations 2R%)

I Including antipsychotics (N=558) and anxiolytics§2250)

T Including antidepressants (N=2509), psychostintsl@N=56) and anti-dementia drugs (N=33)

T Including drugs used in alcohol dependence (N=8d)gs used in opioid dependence (N=295), anigert
preparations (N=7) and other nervous system diNg4 §)

* p<0.05, ** p<0.001, *** p<0.0001
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Table 6. Odds ratios for responsible road traffic crashes bynumber of level 2 and/or level 3

medicines used.

Number of level 2

evel 3 medicines Exposed drivers OR95% CIJ*

0 55,264 Reference

1 4,259 1.14 [1.06-1.22]
2 1,829 1.30 [1.17-1.48]
3 817 1.86 [1.59-2.16]
>3 597 1.88 [1.58-2.25]

H Odds Ratios adjusted for age, gender, socioecaneategory, year, month, day of week, time of day,
location, vehicle type, alcohol level and injuryesgty
* p<0.001, ** p<0.0001

Table 7. Case crossover analysis - Odds ratios for road trA€ crashes in users of prescribed

medicines.

Exposed drivefs OR [95% CIJ*
Level 0 4,047 1.02 [0.98-1.07]
Level 1 2,249 1.02 [0.96-1.08]
Level 2 3,131 1.00 [0.95-1.05]
Level 3 896 1.15 [1.05-1.27]*

* drivers exposed in the case period and not expiostheé control period
¥ only considering exposure to medicine of the higlesel of risk
* p<0.01
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APPENDIX 6
Determination of the wash-out periods
Zolpidem and Zopiclone
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Distribution of exposure durations in all drivers -
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ABSTRACT

Objective: To investigate the association between the udsenfodiazepine-like hypnotics,
benzodiazepine hypnotics and the risk of roaditraffashes.

Design: French national registries linkage study

Settings Data from three French national databases wdraa&d and matched: the national
healthcare insurance database, police reportstrangolice national database of injurious
crashes.

Participants: Drivers identified by their national healthcaramher who were involved in an
injurious crash in France, from July 2005 to Map&0

Main outcome measuregase-control analysis was conducted comparingpresble versus
non-responsible drivers. Case-crossover analysigpaced exposure to medicines on the day
of crash and on a preceding control day.

Results: 72,685 drivers involved in injurious crashes weneluded. Zolpidem use was
associated with an increased risk of being resptm$or a road traffic crash (OR=1.28 [1.07-
1.53]) whereas zopiclone and benzodiazepine hyggate were not. Among the 600 drivers
exposed to zolpidem on the day of crash, the respitity risk was only increased in the 139
drivers with dispensing of more than one pill offgdem a day during the five months before
the crash (OR=2.38 [1.61-3.52]). Case-crossovelysisashowed an increased risk of crash
for benzodiazepine hypnotic users only (OR=1.4R941.85]). Hypnotic users shared similar
crash characteristics, with crashes more likelydour alone on highways.

Conclusions: The road traffic crash risk of zolpidem users stdue further investigated in
search of potential abuse and risky driving behavigopiclone appears to be used safely.
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INTRODUCTION

Benzodiazepines are commonly prescribed as hymndicthe treatment of insomnia. The
clinical effects (i.e. sedation) should occur dgran limited time (a few hours after bedtime
administration) in order to avoid any residual effethe next day. Several
pharmacoepidemiological studies have shown thaemtat using benzodiazepine hypnotics
are at increased risk of road traffic crashiéslhe duration of the sedative effect partly
depends on drug kinetics: long half-life benzodmaes have been shown to be associated
with an increased risk of road traffic crashes wher in the same study, short half-life
benzodiazepines have moRapidly acting hypnotics have been developed tidamext-day
sedation. Zolpidem and zopiclone are benzodiazdpiaehypnotics with short elimination
half-lives (2.5 and 5 hours respectively). Zopidaos a racemic mixture of two stereoisomers,
one of which, eszopiclone, is marketed in the U$pndtics with a short half-life can have
residual effects, depending on individual responsdke drug and on the actual conditions of
use® In 2008, in France, zolpidem was in thirteenthitoms and zopiclone in twenty-first
position in number of boxes reimbursed by the healte insurance. Despite their importance
in the sleep medicine market, there are few epidemical studies of their effects on the
crash risk in the scientific literature. A casessover study conducted in the UK showed that
the use of zopiclone was associated with an inectask of road traffic crashes (OR=4.00
[1.31-12.2])" A recent Norwegian study found an increased riskatfic crashes in drivers
who had received a prescription for zopiclone asgared with non-users (SIR=2.3 [2.0-
2.8])2 Two literature reviews on residual effects of hgfics recommended that users of
zopiclone should be advised not to drive whereasutle of zolpidem was considered séfer.
However, zolpidem has recently been also foundet@$sociated with an increased risk of
road traffic crashes (SIR=2.2 [1.4-3.4]).

The aim of our study was to provide further insgyimto the impact of zopiclone, zolpidem
and benzodiazepine hypnotics on the risk of roaffid¢r crashes, using a large database

extracted from national population-based registries

METHODS

The study consists in extracting and matching ffata three French nationwide databases:
the national healthcare insurance database, pam&ts and the police national database of
injurious crashes. Drivers were included by mednber national 1D, extracted from police
reports by an automatic procedure. The ID was usedlink drivers to medicine
reimbursement data around the crash date. Polpartsewere matched to records in the

police national database of injurious crashes psoaabilistic linkage method.

149



Data sources

Police reports

Police forces are supposed to fill in a report éach injurious crashes occurring in the
country (about 70 000 reports are created each).ylear some of the individuals involved in
these injurious road traffic crashes, the natitweglthcare number (national ID) is recorded in
the police report. Preliminary assessment on alssaalple of reports estimated that this is
the case for 28% of drivers. Police reports arewsed and archived as image files. All the
210,818 available police reports in France over gtugly period (from July 2005 to May
2008) were gathered.

Police national database of injurious crashes

Police forces also collect details on the sameimjis crash events which are computerized in
the police national database of injurious crasiBsgl€tins d’Analyse d’Accident Corporel
[BAAC]). This standardized database contains dpted variables about crash
characteristics, vehicles and people involved. deoliforces also conduct additional
investigations regarding injury severity from hdapirecords and categorize the people
involved in four groups: unhurt, slightly injureseriously injured (hospitalized more than 24
hours) or killed (died within 30 days following tlceash). All drivers involved in an injurious
road traffic crash are supposed to be tested ®pthsence of alcohol using a breath test. If
this test is positivex(0.5 g/L), the driver refuses the test or the sgvef the crash makes it
impossible, then the blood alcohol concentratiomeasured. If the breath test is negative
then the driver is registered as not being underitifluence of alcohol. Missing data on
alcohol impairment correspond to the following attans: the result of the blood
measurement was unknown at the time of data enttlyd database, the blood measurement
was impossible (not enough blood for example), dreath test was not done by the police,
the breath test was positive but the blood alcabakcentration was not measured, the breath
test was negative but it was not coded in the da&b

Healthcare insurance database

The national healthcare insurance system datat#N8R-AM) covers the whole French
population (64 million people in 2008) and includdata on reimbursed prescription
medicines. A record is added to the database @aehat prescription medicine is dispensed to
an outpatient at a pharmacy, including national date of dispensing and the seven-digit
marketing authorization code (CIP code) that idestimedicinal products including dosage
and quantity delivered. Data on long-term chrongedses are also registered in this database,
with the ICD-10 code (International ClassificatiohDiseases code), start and end dates of

the disease.
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Medicines and exposure periods

Zopiclone and zolpidem

In France, zopiclone is available as 3.75 mg arid riig pills while zolpidem is only
dispensed as 10 mg divisible pills. Exposure daratvas estimated from the number of drug
boxes dispensed and the number of pills in each Weéar elderly people (>65 years old)
taking zolpidem, it is recommended to reduce theedtm 5 mg so the duration of the
estimated exposure period was doubled for this jatipn

Benzodiazepine hypnotics

Treatment duration for each benzodiazepine hypnwts estimated using median values
from a survey on medicine prescription in Frafite.

Concomitant exposure

In France, a classification of medicines affectthiiying abilities has been established, with
four levels of risk*™® Consequently, analyses were adjusted for the fisther medicines

grouped according to this classification system.

Exposure was considered starting on the day foligvdispensing. To ensure that medicines
were not prescribed as a consequence of the eregticines dispensed on the crash day were

not considered.

Analysis

Subject inclusion

Several reasons may explain the non-inclusion ieds: the police reports did not contain
the driver’'s national ID, the extraction procedtaied or the linkage with the corresponding
record in the police national database of injuricwsshes did not succeed. We compared
included with non-included subjects, regarding agender, injury severity, vehicle type,
crash location, type of police forces who filled ihe police report, alcohol level and
responsibility status. This analysis was performgdbgistic regression.

Drivers were censored at their first involvemenairoad traffic crash in order to mitigate the

impact of previous crashes on medicine exposure.

Responsibility analysis

The principle of responsibility analysis is to ccang exposures probabilities on the day of
crash between responsible drivers (cases) to repensible drivers (controls). This method
ensures that both cases and controls are selected the same driving population.
Responsibility levels in the crash were determibgd method adapted from Robertson and

Drummer*, This method, recently validated in France usiatadrom the police national

151



database of injurious crash@&stakes into account the different factors liketyreduce driver
responsibility: road, vehicle and driving conditsortype of accident, traffic rule obedience
and difficulty of task involved. A score is assign® each driver for each of these factors
from 1 (favourable to driving) to 4 (not favouraht driving). The higher the sum of the
scores is, the more the conditions are unfavourtblériving, and thus the more likely the
driver will be considered as non-responsible fer¢hash.

Statistical analyses were conducted using logretigession. The model included terms for
age, gender, socioeconomic category, day of weektiame of crash, vehicle type, injury
severity, blood alcohol level, concomitant treatingroup using the French classification
system and chronic long-term disorders.

Case-crossover analysis

The case-crossover analysis consisted on a pachedtanalytical approach to compare
medicine exposure during a period immediately eetbe crash (case period) with exposure
during an earlier period (control period) for tree subject® This method is particularly
suited to acute events and intermittent exposWkescompared exposure to the medicine on
the day before the crash to exposure to the medminthe control day. The wash-out period
between the case and control periods preventsesmiyual effect of an exposure in the control
period on the case period. In France, no more ®B@nday's worth of treatment with
benzodiazepines may be dispensed by pharmaciése sturation of the wash-out period was
30 days. The duration of the wash-out period f@idone and zolpidem was determined by
the 94" percentile of the exposure period distributionisflas computed from the estimation
of exposure distribution described above (numbepilid*number of boxes) in all subjects
exposed to these medicines. This led to a waslpennd of 56 days for the two medicines.

Odds ratios were estimated by conditional logistgression.

Data were analyzed using the SAS statistical soéiypackage, version 9.0 (SAS Institute Inc,
Cary, NC, USA).

RESULTS
Extraction and matching procedures led to the Biolu of 72,685 drivers/riders (34,896
responsible and 37,789 non-responsible), 18.5%e1802,169 drivers/riders registered in the

corresponding police national database of injuricrashes.

Injury severity was the main factor associated \thth probability of being part of the study
(OR=3.43 [3.29-3.58] for seriously injured drivensd OR=2.67 [2.57-2.77] for slightly
injured drivers), thus explaining higher ratesraflusion for bicycle (OR=1.24 [1.16-1.33] and
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scooter drivers (OR=1.09 [1.03-1.16]) and drivessived in non-urban accidents (OR=1.14
[1.10-1.18]), all of whom have been consistentlgwoented in literature to be more seriously
injured. The inclusion rate was slightly lower fesponsible drivers than for non-responsible
drivers (OR=0.91 [0.88-0.94]).

Exposures to zopiclone, zolpidem or benzodiazepypmnotics were compared according to
individual and crash characteristics (Table 1). &yses were higher among women, drivers
aged more than 45 years and retired or unemployedrs. Proportions of exposed drivers
were also higher among those under the influencdaahol. Hypnotic exposures were more
likely among drivers involved in single-vehicle shes, occurring on highways and, in the case

of benzodiazepines, occurring in the morning.

Exposure to zolpidem was associated with an ineckask of being responsible for a crash
(OR=1.28 [1.07-1.53]), whereas zopiclone was diglassociated with a decreased risk
(OR=0.78 [0.64-1.00]) and there was no associdgtorbenzodiazepine hypnotics (OR=1.24
[0.95-1.63]) (Table 2). No interaction was foundvizeen the use of the medicines of interest

and the adjustment variables. Data on alcohol lenasl missing for 9,919 subjects (13.6%).

Further analysis showed that, out of the 600 dsiexposed to zolpidem on the crash day, the
responsibility risk was only increased in the 13®eats exposed to zolpidem on the day of
crash and who had dispensing data correspondingpte than one pill a day during the five
months period preceding the crash. The correspgrmtids ratio was 2.38 [1.61-3.52] versus
1.07 [0.88-1.31] for the remaining 461 patientdwatlower level of consumption.

Results from the case-crossover analysis showttistigally significant association between
the risk of road traffic crash and the use of berexepine hypnotics (OR=1.42 [1.09-1.85])

and no association for zopiclone or zolpidem (T&)le

DISCUSSION

The analysis of medicines dispensed to 72,685 driveolved in injurious crashes from July
2005 to May 2008 in France found that zolpidem sisgere at increased risk of being
responsible for their crash, and more particul#éiiyse with a high consumption level in the
past 5 months. No such association was found fpickome or benzodiazepine hypnotic
users. Drivers exposed to hypnotics were moreylikebe involved in crashes of one vehicle

on highway.
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The study protocol planned for the inclusion ofiege range of descriptive variables related
to the crash and to the drivers involved. In patic we were able to determine the
responsibility status of the driver in the craskl &m adjust for key confounding factors. The
responsibility analysis is a real strength of thelg as it allows for the comparisons of cases
and controls that share the same characteristliewfg drivers. In a previous study on the
impact of illegal drug consumption, using the sgmoéice national database but limited to
fatal crashes®, the same method used to determine responsibildg approved by an
independent expert evaluation of responsibilityrtik@ermore, because the responsibility
analysis relies on the assumption that non resplendrivers are representative of the driving
population, the authors of the previous study \aéd the comparison of a subset of the non
responsible subjects with the driving populationFirance™® Finally, the strong dose-effect
relationship found in our study between alcohokleand responsibility is a further indirect
validation of the method. Importantly, responstiilievels were computed independently of
alcohol and illicit drug use because of their patdnnteractions with medicine use.

The comparison between included drivers by meanhef national ID and non-included
drivers showed that injury severity was associat@ti the probability of being part of the
study. Thus severely injured drivers were morelyike be included than slightly injured
drivers. Killed drivers and uninjured drivers stild lower inclusion rates. This can be
explained by the fact that injured drivers were enltkely to be admitted to hospital so their
healthcare number was more frequently noted inptiiece report. Thus, our study sample

slightly over-represented drivers injured in moggese crashes.

Medicine exposure was ascertained from computenigedrds of reimbursed prescriptions
filled in at the pharmacy, avoiding any recall bisi¢e estimated exposure periods from the
date of dispensing and the amount of drug dispensfeddid not know if the medicines were
actually ingested or not. However, it has been shtvat for benzodiazepine derivatives the
French health insurance database is a reliabledtati of actual use (kappa=027).

A large range of variables was available in theggohational database of injurious crashes,
allowing a detailed description of the crash anieds involved. Patterns of exposure to
hypnotic benzodiazepines (higher for single vehickshes, on highways and in the morning)
were suggestive of crashes due to sleepifieShese medicines may thus have carry-over
effects in the morning. Such a pattern was not miese for zopiclone and zolpidem,
reinforcing the idea that these medicines do neehasidual effects in the morning.

We were able to adjust our analysis for severdabfaovhich may influence the risk of crash,
particularly other medicines used, long-term chratiseases and, importantly, blood alcohol

concentration. All drivers involved in an injurioewsash are supposed to be tested for the
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presence of alcohol but data were missing for 14%e sample, corresponding to drivers
involved in the less serious crashes. Moreovexedsiwho had a negative breath test were
not tested for precise blood alcohol concentratidnich is supposed to be less than 0.5¢g/L.
Finally, it should be noted that we had no reliabfermation about illicit drugs.

The presence and severity of insomnia are not decdom any database. Consequently, we
cannot exclude a potential confounding by indigatid such an effect had an impact on the
association between medicine use and crash ornsipdy risk, it would be difficult to
explain why we found no association for zopiclomel avhy the association with zolpidem
was restricted to users with very high consumpliémels (more than one pill a day).

The use of benzodiazepine hypnotics was not agsdardth the risk of being responsible for
a crash, but an association was found in the cassaver analysis, reflecting an effect of
acute exposures to benzodiazepine hypnotics onrighe of crash. The latter result is
consistent with a case crossover study conductéeeituK in 1992-1995 which measured an
odds ratio of 1.62 [1.24-2.12] for all benzodiazegsi’ However, a strong association was
also found with zopiclone consumption in the saruel\s Despite its longer half-life than
zolpidem, zopiclone did not increase in our stuldy tisk of being responsible for a crash
whereas zolpidem did. A review article on the realdeffects of hypnotics on driving
abilities concluded that zopiclone had no advan@ags benzodiazepines, whereas driving
after zolpidem intake was considered s&flowever, the magnitude of impairment depends
on various factors including dosage and time adkat Zolpidem has been shown to have a
potential for abuse and inappropriate use (highesloslaytime consumption, stimulant
action)® *° The high risk found for users who had more thar pill of zolpidem a day
dispensed over a five months period led us to thih& the difference observed between
zolpidem and zopiclone relies on their usage patt®toreover, we found no association
between zolpidem and the risk of road traffic cemshn the case-crossover analysis,
suggesting that the prescription is not immediafeliowed by a risk of road traffic crash,
strengthening the hypothesis that the risk is khke more consistent driver behaviours,
perhaps to episodic inappropriate use of zolpideat tould not be captured in this study
because exposure days were estimated from dispedsia.

Literature data suggested that the use of hypnajgsesent an avoidable risk factor for road
traffic crashes. Our study provides further inssginto the impact of zopiclone and zolpidem
on traffic safety. While driving is considered s#fie morning following bedtime intake, we
observed an increased risk of traffic crash amaigidem users. Their road traffic crash risk
should be further investigated in search of poandibuse and risky driving behaviors.

Zopiclone appears to be used safely.
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What is already known on this subject

Zolpidem and zopiclone are benzodiazepine-like byipa
with short half-lives. They were introduced in @tial practice
as an alternative to benzodiazepines which haveuas
effects and present a risk for road traffic crashes

Experimental studies suggest that zolpidem is shéar
zopiclone regarding driving performances. Howeaaecent
epidemiological study found a two-fold increasesk ffior road
traffic crashes for both medicines.

What this study adds

Zolpidem users are at increased risk of being mesipte for a
crash, probably due to risky driving behaviors.

Zopiclone appears to be used safely and does mttilmate to
the crash burden in France.

Acknowledgments

Everyone who contributed to the work is listedhis tsection.

We thank the CESIR research group for its collaibasupport: Marta Avalos (Inserm
U897, Université Bordeaux 2), Fabienne Bazin (Imsé&¥657), Sylvie Blazejewski (CIC
0005, Bordeaux), Benjamin Contrand (Inserm U89&rnBrd Delorme (Afssaps), Geneviéve
Durrieu (Service de pharmacologie médicale et gqliaj CHU Toulouse), Pierre-Olivier
Girodet (CIC 0005, Bordeaux), Marcel Goldberg (msdJ687-UVSQ), Bernard Laumon
(Inrets), Dominique Lauque (CHU Toulouse), Nathalezoules (CHU Toulouse), Laurence
Memes (CIC 0005, Bordeaux), Louis Merle (CHU LimsgeYvon Merliere (CNAM-TS),
Jean-Louis Montastruc (Service de pharmacologieicatd et clinique, CRPV, EA 3696,
Université de Toulouse, CHU Toulouse), Pernellezbofinserm U657), Nathalie Orsoni
(CHU Limoges), Antoine Pariente (Inserm U657, CIAQ0D, Bordeaux), Régis Ribéreau-
Gayon (CHU Bordeaux), Louis-Rachid Salmi (Inserm9@8 CHU Bordeaux), Frantz
Thiessard (LESIM), Aurore Tricotel (Afssaps).

We acknowledge the French National Health Insuraf€®&NAMTS), the National
Interministerial Road Safety Observatory (ONISR)d aAgira-TransPV for providing
healthcare and road traffic crash data, as welthaspublic health Research Federative
Institute (IFR 99).

156



Competing interests

All  authors have completed the Unified Competing tetest form at
www.icmje.org/coi_disclosure.pdf (available on regufrom the corresponding author) and
declare (1) No support from companies for the stiechivork; (2) No relationships with
companies that might have an interest in the subdivork in the previous three years; (3)
No spouses, partners, or children with financidatrenships that may be relevant to the
submitted work; and (4) No non-financial interetiiat may be relevant to the submitted
work.

Contributors

EL is study guarantor.

Conception and desigiEL; Acquisition of datalLO, AC, BG, BD, EL;Statistical analysis

LO, BG; Interpretation of the dataAll authors;Drafting of the manuscripLO; Critical

revision of the manuscript for important intellegkeontent All authors and members of the
group;Obtaining fundingEL; SupervisionEL

Funding

The CESIR-A project was funded by the French He&ltbducts Agency (Afssaps), the
French National Research Agency (ANR, DDA 0766CQ2@# French Medical Research
Foundation (Equipe FRM) and the French Nationatitute for Medical Research (Equipe
INSERM Avenir).

LO is the recipient of a doctoral grant from theerieh National Institute for Medical
Research (INSERM) and the Aquitaine region.

Role of the study sponsors

Members of the French Health Products Agency (Afskaarticipated to data collection,
interpretation and review of the manuscript.

Ethical approval

This study was approved by the French Data Proteetuthority (CNIL - Commission
Nationale Informatique et Libertés).

Copyright

The Corresponding Author has the right to granbehalf of all authors and does grant on
behalf of all authors, an exclusive licence on alewaide basis to the BMJ Publishing Group
Ltd and its licensees , to permit this articlea@icepted) to be published in BMJ editions and
any other BMJPG products and to exploit all sulasidirights, as set out in the licence at

http://resources.bmj.com/bmj/authors/checklistsaafticence-for-publication

157



REFERENCES

1.

Neutel |. Benzodiazepine-related traffic accidem young and elderly driversdum
Psychopharmacol Clin Ex{p998;13:115-123.

2. Neutel CI. Risk of traffic accident injury aftar prescription for a benzodiazepian

Epidemiol1995;5(3):239-44.

3. Gustavsen |, Bramness JG, Skurtveit S, EngefgnNeutel I, Morland J. Road traffic

accident risk related to prescriptions of the hymso zopiclone, zolpidem,
flunitrazepam and nitrazepa®leep Me@®008.

4. Engeland A, Skurtveit S, Morland J. Risk of rdsalffic accidents associated with the

o

prescription of drugs: a registry-based cohort wt#thn Epidemiol2007;17(8):597-
602.

. Hemmelgarn B, Suissa S, Huang A, Boivin JF, i@lir&. Benzodiazepine use and the risk

of motor vehicle crash in the elderBAMA 1997;278(1):27-31.

6. Vermeeren A. Residual effects of hypnotics: epitblogy and clinical implications<CNS

Drugs 2004;18(5):297-328.

Barbone F, McMahon AD, Davey PG, Morris AD, Rdid, McDevitt DG, et al.
Association of road-traffic accidents with benzadipine use. Lancet
1998;352(9137):1331-6.

8. Verster JC, Veldhuijzen DS, Volkerts ER. Resldféects of sleep medication on driving

ability. Sleep Med Re2004;8(4):309-25.

9. Allain H, Monti J. General safety profile of padem: safety in elderly, overdose and

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

rebound effect€zur Psychiatryl997;12 Suppl 1:21-9.

Victorri-Vigneau C, Dailly E, Veyrac G, Jolli®®. Evidence of zolpidem abuse and
dependence: results of the French Centre for Etraluaand Information on
Pharmacodependence (CEIP) network sur@¥yJ Clin Pharmacol2007;64(2):198-
209.

Arrété du 8 aolt 2008 pris pour I'applicati@enl'drticle R. 5121-139 du code de la santé
publique et relatif a I'apposition d'un pictogramsue le conditionnement extérieur de
certains médicaments et produits

A. Castot, B. Delorme and the Working Group tibénal products and driving”.
Medicinal products and driving : how to assessribk ? P2T Congress Marseille
2009. Abstract n°481.

Medicinal Products and Driving. On behalf o Working Group created by Afssaps:
Christian Riché, Charles Caulin, Jacques Caron,eA@hiffoleau, Christian Corbé,
Bertrand Diquet, Alain Eschalier, Francoise Haramb@eorges Lagier, Jean-Pierre
Lépine, Michel Mallaret, Charles Mercier-Guyon, [i®uMerle, Jean-Louis
Montastruc, Pierre Philip, Francis Rodor. http:/imafssaps.fr, section Publications /
Information in English.

Robertson MD, Drummer OH. Responsibility anatya methodology to study the effects
of drugs in drivingAccid Anal Previ1994;26(2):243-7.

Laumon B, Gadegbeku B, Martin JL, Biecheler Mllannabis intoxication and fatal road
crashes in France: population based case-contidy $MJ 2005;331(7529):1371.

Maclure M. The case-crossover design: a mefihiostudying transient effects on the risk
of acute eventsAm J Epidemioll991;133(2):144-53.

Noize P, Bazin F, Dufouil C, Lechevallier-Mi¢hH¢, Ancelin ML, Dartigues JF, et al.
Comparison of health insurance claims and patieterviews in assessing drug use:
data from the Three-City (3C) Stud3harmacoepidemiol Drug S&2009;18(4):310-9.

Philip P, Vervialle F, Le Breton P, Taillarddorne JA. Fatigue, alcohol, and serious road
crashes in France: factorial study of national .dakaJ 2001;322(7290):829-30.

Drover DR. Comparative pharmacokinetics andrmphaodynamics of short-acting
hypnosedatives: zaleplon, zolpidem and zopiclon€lin Pharmacokinet
2004;43(4):227-38.

158



Table 1. Exposure to zopiclone, zolpidem and benz@depine hypnotics on the crash day

according to drivers and crashes characteristics

N Exposed to p' Exposed to p' Exposed to BZD p'
zopiclone ) + zolpidem ) + hypnotics ) +
n % n % n %
72,68t 45t 0.€ 68t 0.¢ 28¢ 0.4
Gender <0.0001 <0.0001 <0.0001
Men 49,770 267 0.5 (0.0026) 375 0.8 (<0.0001) 161 0.3 (<0.0001)
Women 22,915 188 0.8 310 14 128 0.6
Age <0.0001 <0.0001 <0.0001
<18 3,055 2 0.1 (<0.0001) 0 0 (<0.0001) O 0 (<0.0001)
18-24 14,814 19 0.1 18 0.1 14 0.1
35-34 16,666 56 0.3 84 0.5 27 0.2
35-44 15,488 104 0.7 122 0.8 73 0.5
45-54 11,796 136 1.2 159 1.4 97 0.8
55-64 5,990 71 1.2 130 2.2 48 0.8
65-74 2,837 36 1.3 108 3.8 13 0.5
>75 2,039 31 15 64 3.1 17 0.8
Socio-economic <0.0001 <0.0001 <0.0001
Higher managerial and 2 784 16 0.6  (0.0144) 19 0.7 (<0.0001) 8 0.3  (<0.0001)
professional occupations
Intermediate occupations 24,984 125 0.5 175 0.7 70 0.3
Workers 11,887 40 0.3 61 0.5 33 0.3
Retired 6,449 94 15 200 3.1 52 0.8
Unemployed 3,021 34 1.1 49 1.6 20 0.7
Other/missing 16,014 124 0.8 165 1.0 95 0.6
Student 7,546 22 0.3 16 0.2 11 0.2
Injury severity 0.0953 0.0251 (0.1839)
Unhurt 19,093 96 0.5 (0.0180) 157 0.8 (0.0073) 61 .3 0 (0.1428)
Slightly injured 26,327 176 0.7 258 1.0 113 0.4
Seriously injured 25,864 173 0.7 248 1.0 107 0.4
Killed 1,401 10 0.7 22 1.6 8 0.6
Alcohol <0.0001 <0.0001 0.0002
<0.5 58,700 318 0.5 (<0.0001) 528 0.9 (<0.0001)213 0.4 (<0.0001)
0.5-1.2 1,354 15 11 23 1.7 10 0.7
1.2-2.0 1,392 24 1.7 27 1.9 14 1.0
>2 1,320 21 1.6 22 1.7 8 0.6
Time of day 0.1441 0.0005 0.0033
04.00 - 08.59 11,001 56 0.5 (0.6426) 85 0.8 (0.3779 36 0.3 (0.0188)
09.00 - 11.59 9,804 77 0.8 121 1.2 59 0.6
12.00 - 17.59 28,895 178 0.6 297 1.0 120 0.4
18.00 - 22.59 18,696 120 0.6 147 0.8 63 0.3
23.00 - 03.59 4,289 24 0.6 35 0.8 11 0.3
Accident type 0.0265 0.0143 0.0118
1 vehicle (0.1320) (0.0315) (0.0474)
Highway 1,303 8 0.6 19 15 12 0.9
Secondary road 7,896 65 0.8 92 1.2 42 0.5
Urban 4,941 39 0.8 61 1.2 20 0.4
> 2 vehicles
Highway 3,827 20 0.5 35 0.9 14 0.4
Secondary road
Intersection 6,313 28 0.4 48 0.8 6 1 0.3
No intersection 23,129 142 0.6 193 0.8 80 0.4
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Urbean
Intersection 11,973 59 0.5 114 1.0 48 0.4
No intersection 11,879 84 0.7 112 0.9 52 0.4

Reference group=not exposed to the medicine coregide
" Bivariate analysisChi squared test

*Multivariate analysis, logistic regression, modeinputed for 62,766 drivers without missing values

Table 2. Odds ratios for responsible road traffic crashes inusers of zopiclone, zolpidem and

benzodiazepines

Bivariate model Adjusted model
Exposed drivers OR [95% CI]" | Exposed driver§ OR [95% CI]®
Zopiclone 455 1.17 [0.97-1.41] 378 0.78 [0.64-1%00]
Zolpidem 685 1.57 [1.35-1.83]* 600 1.28 [1.07-1.53]**
BZD hypnotics 289 1.60 [1.26-2.02]*1* 245 1.24[0.95-1.63]

Reference group = drivers not exposed to medianasidered

" Crude odds ratios

¥ Model computed for 62,766 drivers without missiragues for the adjustment variables

$ 0dds ratios adjusted for age, gender, socioeconcatggory, year, month, day of week, time of dahisle
type, alcohol level, injury severity, concomitampesure and long-term chronic diseases

* p<0.05, ** p<0.01, *** p<0.001

Table 3.Case-crossover analysis - Odds ratios for road tréi€ crashes
Exposed drivefs  OR [95% CI]

Zopiclone 243 1.17 [0.97-1.41]
Zolpidem 313 1.05[0.90-1.24]
BZD hypnotics 135 1.42[1.09-1.85]*

T drivers exposed in the case period and not expiosthé control period
* p<0.01
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APPENDIX 8
Determination of the exposure and wash-out periods
Buprenorphine and Methadone

Number of delays

Distribution of delays between dispensations in
all drivers - Buprenorphine
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Résumé La prise de conscience de l'implication des méuieats dans la genése des accidents de la routel'date
vingtaine d’années. Les médicaments psycho-actifergnt altérer les capacités de conduite par letimrasur le systéme
nerveux (par exemple, un effet sédatif le lendemBime prise d’hypnotique). D’autres médicamentat ssusceptibles
d’affecter les fonctions psychomotrices par leurascsur les fonctions physiologiques (tel queHgpoglycémies liées a un
traitement antidiabétique). L'étude CESIR-A a ét&eren place pour contribuer a la connaissancesduépidémiologique
entre médicaments et accidents de la route. L'éwiilsse trois bases de données francaises : l¢éfys National
d’'Information Inter-Régimes de I'’Assurance Malad&N(IR-AM), les Proces Verbaux d'accidents (PV) e$ Bulletins
d’Analyse des Accidents Corporels de la circulat{BAAC). L'appariement de ces données a conduit llision de
72,685 conducteurs impliqués dans un accident celrpar la période juillet 2005-mai 2008. L'analysété réalisée grace a
deux méthodes: une analyse cas-témoin comparargspsnsables aux non-responsables des accidemts ahalyse dite en
case-crossover. Les périodes d’exposition aux raéukats ont été estimées a partir des dates deatdlas de médicaments
prescrits, puis remboursés par I'assurance malhieide des médicaments regroupés selon les guiaeaux de risque sur
la conduite définis par 'Agence Francaise de S&ec8anitaire des Produits de Santé (AFSSAPS) [dean O (pas de
risque) au niveau 3 (risque élevé)], a montré gseutilisateurs de médicaments prescrits de ni2esiude niveau 3 ont un
risque significativement plus élevé d’étre respbies de leur accident (OR=1,31 [1,24-1,40] et OR=1PR%2-1,40],
respectivement). La fraction de risque attribuablaitilisation de ces médicaments était de 3,3%923,9%]. Le risque
d’étre responsable d’un accident était augmenté e utilisateurs de zolpidem (OR=1,28 [1,07-1,588is pas chez les
utilisateurs de zopiclone ou de benzodiazépinesdtygues. Plus particulierement, ce risque étajinanté chez les 139
conducteurs ayant eu plus d’un comprimé de zolpidélinré par jour au cours des cing mois précétiantident (OR=2,38
[1,61-3,52]). L'analyse case-crossover a mis erdéndée un sur-risque d'accident de la route chezutdisateurs de
benzodiazépines hypnotiques seulement (OR=1,42 -l &%)). Les conducteurs exposés aux hypnotiquesagent les
mémes caractéristiques au regard du type d’accidemnsurvenaient plus fréquemment sur autorol@ans notre base de
données, 196 conducteurs ont été exposés a lartmuphéne et/ou a la méthadone, le jour de leurdaedi Cette population
spécifiqgue était jeune, essentiellement masculiagec d’importantes co-consommations, notammentcaldl de
médicaments de niveau 3. Les conducteurs expokgdbudprénorphine et/ou a la méthadone présentaiemtsque accru
d’étre responsables de leur accident (OR= 2,19 {3,56]). Notre étude fournit des informations intaotes sur la
contribution des médicaments au risque d’'accidenfadoute. D’aprés nos résultats, la classificatie TAFSSAPS semble
appropriée concernant les médicaments de niveaix32Les sur-risques d'étre responsable d'un aatidhez les exposés
au zolpidem ou aux traitements de substitution roemt étre liés, au moins en partie, au compoméraerisque de ces
conducteurs. L'amélioration du comportement deslooteurs représente un des défis pour la sécorité&re. L'objectif de
la classification francaise et de la signalétigppasée sur les boites de médicaments est donadgrfaux patients une
information appropriée sur les effets des médicasnsur leur capacité de conduite.

Abstract: In recent decades, attention has been increasioglysed on the impact of disabilities and medicilrag use
on road safety. Psychoactive medicines may impaiing) abilities due to their action on the centnarvous system (e.g.
sedation in the morning following administrationaohypnotic), while other medicines may affect p&yootor functions by
their action on physiological functions (e.g hypaglemic seizures related to diabetic treatment®. CTRSIR-A project was
set up to improve the epidemiological knowledgarmdicines and the risk of road traffic crashes. Jtuely matched three
French nationwide databases: the national hea#thioaurance database, police reports, and theepoéiional database of
injurious crashes, leading to the inclusion of 88,@rivers involved in an injurious road traffiash from July 2005 to May
2008. Two methods were performed for data analgsisase-control analysis in which cases where rssiple drivers and
controls non-responsible ones and a case-crossmaysis. Medicine exposures were estimated froesguiption drug
dispensations in the healthcare reimbursement dsgabirhe study of medicines grouped according ¢ofdlr levels of
driving impairment risk of the French classificatisystem [from 0 (no risk) to 3 (high risk)], shalvthat users of level 2
and level 3 prescribed medicines were at high&rafsheing responsible for the crash (OR=1.31 [112#3] and OR=1.25
[1.12-1.40], respectively). The fraction of roadftic crashes attributable to levels 2 and 3 meéisiwas 3.3% [2.7%-3.9%)].
Zolpidem use was associated with an increasedofidkeing responsible for a road traffic crash (OR81[1.07-1.53])
whereas use of zopiclone and benzodiazepine hysnage was not. Responsibility risk was only ineda the 139
drivers with dispensing of more than one pill of@dem a day during the five months before the lerg3R=2.38 [1.61-
3.52]). Case-crossover analysis showed an incraégedf crash for benzodiazepine hypnotic usery ¢BIR=1.42 [1.09-
1.85]). Hypnotic users shared similar crash charatics, with crashes more likely to occur on kiglgs. In our database,
196 drivers were exposed to buprenorphine and/dhadene on the day of crash. This specific popatatvas young,
essentially males, with important co-consumptiorotbfer substances, in particular alcohol and I8veatedicines. Injured
drivers exposed to buprenorphine and/or methadonbeoday of crash, had an increased risk of bedsgonsible (OR=2.19
[1.51-3.16]). The case cross-over analysis diddeotonstrate any association (OR=1.26 [0.93 - 1.T0J). study provides
evidence of the contribution of medicines to thekrof road traffic crashes. According to our resuthe French risk
classification seems relevant regarding medicit@ssified as levels 2 and 3 of risk for road taffrashes. The observed
increased risks of being responsible for a craslzdtpidem and substitution maintenance treatmsatumay be linked to
risky behaviors. Improving driver behaviour is ook the challenges for road safety. Providing pasiewith proper
information on the potential effect of medicinestbair driving abilities is the main objective afudy and risk classifications
such as the French one.

Mots Clés: épidémiologie, accidents de la route,inaddents / Keywords : epidemiology, road traffic tres, medicines



