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ABSTRACT

Objective: To estimate the risk of road traffic crash
associated with prescription of antidepressants.

Method: Data were extracted and matched

from 3 French national databases: the national
health care insurance database, police reports,
and the national police database of injurious
crashes. A case-control analysis comparing 34,896
responsible versus 37,789 nonresponsible drivers
was conducted. Case-crossover analysis was
performed to investigate the acute effect

of medicine exposure.

Results: 72,685 drivers, identified by their
national health care number, involved in an
injurious crash in France from July 2005 to May
2008 were included. 2,936 drivers (4.0%) were
exposed to at least 1 antidepressant on the day
of the crash. The results showed a significant
association between the risk of being responsible
for a crash and prescription of antidepressants
(odds ratio [OR]=1.34; 95% Cl, 1.22-1.47). The
case-crossover analysis showed no association
with treatment prescription, but the risk of
road traffic crash increased after an initiation

of antidepressant treatment (OR=1.49; 95% Cl,
1.24-1.79) and after a change in antidepressant
treatment (OR=1.32; 95% Cl, 1.09-1.60).

Conclusions: Patients and prescribers should be
warned about the risk of crash during periods of
treatment with antidepressant medication and
about particularly high vulnerability periods such

as those when a treatment is initiated or modified.
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Experimental studies conducted on healthy volunteers have shown
a deleterious effect on driving of sedating antidepressants such as
amitriptyline'? (tricyclic antidepressant) and mirtazapine®* (tetracyclic
antidepressant). Paroxetine,>~” fluoxetine® (selective serotonin reuptake
inhibitors), and venlafaxine’ (serotonin-norepinephrine reuptake inhibitor)
are nonsedating antidepressants and appear to have a smaller potential for
impairing performance. Driving performance of depressed patients receiv-
ing long-term antidepressant treatment has been shown to be impaired,
but antidepressant treatment can also increase driving safety by improving
clinical conditions, including sleepiness.!!

A clinical study'? comparing the effects of different antidepressant
treatments on driving performance in depressed patients showed an advan-
tage for patients receiving serotonin reuptake inhibitors or mirtazapine
compared with tricyclic antidepressants or venlafaxine. Another study!?
showed that depressed patients treated with reboxetine (nonsedating anti-
depressant) or mirtazapine performed better on tasks related to driving
than untreated depressive patients. Two epidemiologic studies conducted
in the elderly have shown an association between use of tricyclic antidepres-
sants and the risk of traffic crashes (relative risk=2.2 [95% CI, 1.3-3.5]4
and odds ratio [OR] =2.3 [95% CI, 1.1-4.8]"%). In contrast, Barbone et al'®
found no association for tricyclic antidepressants or serotonin reuptake
inhibitors in a 3-year study of 19,386 English drivers 18 years or older
who were involved in a crash. That study, however, had a case-crossover
design that is likely to underestimate the risk in people taking long-term
therapies. The most recent study,!” conducted from 2004 to 2006, showed
an increased risk for drivers following prescription of sedating or non-
sedating antidepressants (standardized incidence ratio [SIR] =1.4 [95% ClI,
1.2-1.6] and SIR=1.6 [95% CI, 1.5-1.7], respectively), the risk being high-
est among younger drivers taking sedating antidepressants. The authors
of this study discussed their inability to control for the use of alcohol or
other medicines such as benzodiazepines, as well as for depression, all of
these being factors known to increase the risk of traffic crash.

The results of the few available epidemiologic studies have therefore
been inconclusive. For some antidepressants, initiation of treatment seems
to be critical for driving performance.*!® Bramness et al'” reported similar
risk estimates among incident users and prevalent users of nonsedating
antidepressants. The aim of our study was to estimate the risk of road traffic
crashes associated with prescription of antidepressants.

METHOD

This study was approved by the French Data Protection Authority.

The study consisted of extracting data from 3 French nationwide
databases, as described previously.! A case-control analysis comparing
responsible versus nonresponsible drivers was conducted. Case-crossover
analysis was performed to investigate the acute effect of antidepressant
exposure.
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For CLINICAL USE

@ Periods of initiation and change of antidepressant treatment are critical periods with regard to the risk

of road traffic crash.

@ Prescribers should warn their patients about this risk.

Data Sources

Police reports. French police forces are required to fill
out a police report for each injurious crash occurring in the
country (about 70,000 reports each year). Police reports are
scanned and stored as image files. For some of the drivers
involved in these injurious road traffic crashes, the national
health care ID number (NID) is recorded in the police report.
These NIDs were extracted from police report image files
for later matching against dispensing records in the national
health care insurance database. All 210,818 police reports
available over the study period (from July 2005 to May 2008)
were compiled.

National police database of injurious crashes. The injuri-
ous crashes database contains descriptive variables on the
crash characteristics and the vehicles and people involved
in the crash. Police forces also conduct additional investi-
gations regarding injury severity from hospital records and
categorize the people involved into 4 groups: unhurt, slightly
injured, seriously injured (hospitalized more than 24 hours),
or killed (died in the 30 days following the crash). All drivers
involved in an injurious road traffic crash are supposed to be
submitted to a breath alcohol test. If this test is positive (> 0.5
g/L), if the driver refuses to take the test, or if the sever-
ity of the crash makes the test impossible, then the driver’s
blood alcohol concentration is measured. If the breath test
is negative, then the driver is registered as not being under
the influence of alcohol.

Health care insurance database. The health care insur-
ance database covers the entire French population (64,000,000
in 2008) and includes data on reimbursed prescription
medicines. A record is entered into the database each time
a prescription medicine is dispensed to an outpatient at
the pharmacy, including the NID, the date of dispensing,
and the 7-digit code assigned to the medicine at the time
of its marketing authorization. Dispensing data were avail-
able for the 6 months before the crash. Data on long-term
chronic diseases are also registered in this database, with the
International Classification of Diseases, Tenth Edition (ICD-
10) code and the start and end dates of disease.

The NIDs of drivers involved in injurious crashes were
extracted from the police report database. Police reports
were matched with data from the injurious crashes data-
base to provide details of the crash context (Figure 1). NIDs
extracted from police reports were matched to the health care
insurance database to collect data on the drivers’ exposure
to medication. Subjects whose police report did not contain
their NID were not included. Confidentiality was ensured
by using the personal information anonymization function
of the national health care insurance system.?
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Cases and Controls

Cases were defined as drivers who were deemed respon-
sible for the crash, while controls were those who were not
responsible. Responsibility levels in the crash were deter-
mined by a standardized method adapted from Robertson
and Drummer.?! This method, previously implemented
in France using data from the national police database of
fatal crashes,?? takes into consideration the different factors
likely to reduce driver responsibility: road environment,
vehicle-related factors, traffic conditions, type of accident,
traffic rule obedience, and difficulty of the driving task. In
each area, a score is assigned from 1 (favorable to driving)
to 4 (not favorable to driving), and all 6 scores are subse-
quently summated into a summary responsibility score.
Cases (responsible drivers) are defined as those with a score
of less than 15.

Exposure Periods

Exposure was considered to start on the day following
dispensing. To ensure that medicines were not prescribed
as a consequence of the crash, medicines dispensed on the
crash day were not considered.

Antidepressants. Antidepressants were studied according
to the following 4 groups: tricyclic antidepressants (imipra-
mine, clomipramine, trimipramine, amitriptyline, doxepin,
dosulepin, and amoxapine), selective serotonin reuptake
inhibitors (fluoxetine, citalopram, paroxetine, sertraline,
fluvoxamine, and escitalopram), serotonin-norepinephrine
reuptake inhibitors (venlafaxine, milnacipran, and duloxe-
tine), and other antidepressants (monoamine oxidase
inhibitors [iproniazid and moclobemide], mianserin, mir-
tazapine, viloxazine, and tianeptine). Monoamine oxidase
inhibitors were not studied separately because of their low
consumption level.

In France, no more than 30 days’ worth of treatment with
antidepressants may be dispensed by pharmacies, so 30 days
of exposure was attributed following each dispensation.

In order to study treatment initiation, a subanalysis was
conducted that considered drivers who had 1 antidepressant
prescription during the 6 months before the crash. A change
in antidepressant treatment was defined as dispensing of a
medicine or combination of medicines different from the
previous one.

Concomitant exposure. In France, a 4-level risk classifi-
cation system has been established for medicines that affect
driving abilities.”*~?> Comparisons were adjusted for the use
of other medicines classified as being in the highest levels
of risk (levels 2 and 3). This includes antiepileptics, psycho-
leptics, all benzodiazepines and derivatives, and analgesic
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Figure 1. Flowchart of the Inclusion Procedure?

National police database
Police reports of injurious crashes

210,818 reports® 234,679 records?

A A4

109,078 national IDs 527,591 individuals including:
collected in police reports 392,169 drivers
135,422 others
(pedestrians or passengers)

/

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

\d
72,685 drivers included

Reprinted from Orriols et al.!

The discrepancy between the number of police reports and the number
of records in the national police database of injurious crashes is
explained by the fact that a small proportion of unavailable reports were
being used for ongoing legal investigations.

opioids. Antidepressants are level 2 medicines and were thus
excluded from the concomitant exposure variable.

Analysis

Descriptive analysis. A logistic regression analysis com-
pared the excluded and included subjects according to age,
gender, injury severity, vehicle type, crash location, type of
police forces filing the report, alcohol level, and responsi-
bility. Drivers were censored at their first involvement in a
road traffic crash in order to mitigate the impact of previous
crashes on medicine exposure. Frequencies of exposures to
antidepressants were compared according to individual and
crash characteristics in a bivariate analysis, using x> tests.
Multivariate analysis was performed by logistic regression.

Responsibility analysis. Statistical analyses of the case-
control study component were conducted using logistic
regression, modeling the probability of being responsible
for the crash. The associations between responsibility and
age, gender, socioeconomic category, time of crash, season,
vehicle type, injury severity, blood alcohol concentration,
concomitant treatments (level 2 and 3 medicines according
to the French classification system), and chronic long-term
disorders were initially investigated using univariate analy-
sis; associated variables were included in the multivariate
model when the P value was <.20 (x* test). This was the case
for all variables.

Case-crossover analysis. The case-crossover analysis
consisted of a pair-matched analytic approach to compare
exposure during a period immediately before the crash (case
period) with exposure during an earlier period (control
period) for the same subject.?® This method is adapted to
the assessment of the short-term effect of exposure while
controlling for the potential impact of chronic medical con-
ditions. We compared antidepressant exposure on the crash
day with antidepressant exposure during a 1-day control
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period 30 days earlier. In order to study treatment initiation,
only drivers who had 1 prescription during the 6 months
before the crash were considered. We also compared expo-
sure to treatment changes in the 30 days before the crash
with exposure to treatment changes during a 30-day control
period. Odds ratios were estimated by conditional logistic
regression, using the PHREG (proportional hazard regres-
sion) procedure in SAS.

Data were analyzed using the SAS statistical soft-
ware package, version 9.1 (SAS Institute Inc, Cary, North
Carolina).

RESULTS

We extracted 109,078 NIDs with gender and date of birth
from 210,818 police reports available from July 2005 to May
2008, corresponding to any individual involved in an injuri-
ous road traffic crash (Figure 1). Ninety percent of these
individuals were matched with a corresponding record in
the injurious crashes database. The linkage failed for 10%
of the individuals, because the ID corresponded either to a
driver involved in the crash but not recorded in the police
national database or to an individual not involved in the
crash (eg, a witness, the owner of a vehicle involved).

The procedure led to the inclusion of 72,685 drivers
(34,896 responsible and 37,789 not responsible), that is,
18.5% of the 392,169 drivers registered in the police national
database of injurious crashes.

Injury severity was the main factor associated with the
probability of being part of the study. The inclusion rate was
approximately the same for drivers who were responsible
and not responsible (respectively, 18.8% and 18.3%).

The multivariate descriptive analysis showed that exposure
to antidepressants was higher among women, drivers aged
45 years or over, and retired or unemployed drivers. Antide-
pressant exposure was more likely among drivers involved
in single-vehicle crashes and among drivers responsible for
the crash. The proportion of antidepressant-exposed drivers
was higher among those under the influence of alcohol, and
it increased with blood alcohol level. Finally, antidepressant
users were much more frequently exposed concomitantly
to other medicines that can affect driving abilities (level 2
and 3 medicines), particularly to benzodiazepine anxio-
Iytics, benzodiazepine hypnotics, and benzodiazepine-like
hypnotics (zolpidem and zopiclone) (Table 1).

After we adjusted for variables found to be associated with
responsibility in the crash, the prescription of antidepres-
sants was associated with the risk of being responsible for
a crash (OR=1.34 [95% CI, 1.22-1.47]). The adjusted odds
ratios were 1.30 (95% CI, 1.16-1.46) for selective serotonin
reuptake inhibitors and 1.51 (95% CI, 1.25-1.84) for sero-
tonin-norepinephrine reuptake inhibitors. The association
with prescription of antidepressants classified in the “other”
category was also significant (OR=1.30 [95% CI, 1.01-1.67]).
This includes monoamine oxidase inhibitors, mianserin,
mirtazapine, viloxazine, and tianeptine. No significant
association was found for tricyclic antidepressants (Table 2).
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Table 1. Exposure to Antidepressants on the Crash Day According to Driver and
Crash Characteristics

Characteristic n Exposed to Antidepressants, n (%)
All drivers 72,685 2,936 (4.0)
Gender***
Men 49,770 1,321 (2.7)
Women 22,915 1,615 (7.1)
Age***
<24y 17,869 140 (0.8)
25-44y 32,154 1,210 (3.8)
45-64y 17,786 1,265 (7.1)
265y 4,876 321 (6.6)
Socioeconomic category™*
Higher managerial and professional occupations 2,784 115 (4.1)
Intermediate occupations 24,984 928 (3.7)
Workers 11,887 340 (2.9)
Retired 6,449 447 (6.9)
Unemployed 3,021 187 (6.2)
Other/missing 16,014 782 (4.9)
Student 7,546 137 (1.8)
Injury severity™*
Unhurt 19,093 641 (3.4)
Slightly injured 26,327 1,150 (4.4)
Seriously injured 25,864 1,074 (4.2)
Killed 1,401 71 (5.1)
Blood alcohol concentration (g/L)*
Missing 9,919 422 (4.3)
<0.5 58,700 2,231 (3.8)
0.5-<1.2 1,354 82 (6.1)
1.2-<2.0 1,392 94 (6.8)
) 1,320 107 (8.1)
Level 2 and 3 medicines***
Not exposed 64,814 866 (1.3)
Exposed 7,871 2,070 (26.3)
Benzodiazepine anxiolytics™***
Not exposed 70,033 1,616 (2.3)
Exposed 2,652 1,320 (49.8)
Benzodiazepine hypnotics™**
Not exposed 72,396 2,777 (3.8)
Exposed 289 159 (55.0)
Benzodiazepine-like hypnotics™**
Not exposed 71,504 2,443 (3.4)
Exposed 1,181 493 (41.7)
Time of day (P=.49)
400-859 11,001 364 (3.3)
900-1159 9,804 465 (4.7)
1200-1759 28,895 1,244 (4.3)
1800-2259 18,696 710 (3.8)
2300-359 4,289 153 (3.6)
Accident type**
1 vehicle
Highway/secondary road 9,199 479 (5.2)
Urban 4,941 248 (5.0)
>2 vehicles
Highway 3,827 151 (4.0)
Secondary road
Intersection 6,313 190 (3.0)
No intersection 23,129 889 (3.9)
Urban
Intersection 11,973 483 (4.0)
No intersection 11,879 426 (3.6)
Responsibility**
Not responsible 37,789 1,296 (3.4)
Responsible 34,896 1,640 (4.7)

*P<.05, ¥*¥P<.01, ¥**P<.0001; multivariate logistic regression analysis.

was no interaction of antidepressant use
with alcohol consumption. The effect of
benzodiazepine anxiolytics was similar
in antidepressant users (OR=1.29 [95%
CI, 1.08-1.54]) and nonusers (OR=1.22
[95% CI, 1.07-1.39]).

The case-crossover analysis found
no association between the risk of crash
and exposure to antidepressants (Table
3). Subgroup analysis in drivers who
had only 1 prescription in the 6 months
before the crash showed that the prob-
ability of being exposed to this first
prescription was higher just before the
crash compared with the control period,
showing an increased risk of crash
when a treatment was initiated (OR =1.49
[95% CI, 1.24-1.79]). The case-crossover
analysis also showed an increased risk
of road traffic crash after a change in
antidepressant treatment (OR=1.32
[95% CI, 1.09-1.60]) (Table 3).

DISCUSSION

The results indicate an increased risk
of being responsible for an injurious
road traffic crash for drivers with a pre-
scription of antidepressants (OR=1.34
[95% CI, 1.22-1.47]). The case-crossover
analysis showed an increased risk of
crash at treatment initiation (OR =1.49
[95% CI, 1.24-1.79]) and following
a change in antidepressant treatment
(OR=1.32[95% CI, 1.09-1.60]).

The responsibility analysis is a real
strength of the study, as cases and
controls share some common charac-
teristics: they were all driving a vehicle
and, for multiple-vehicle crashes, were
on the road at the same time. This is
not the case for controls when they
are selected from health care or driv-
ing license databases. Another option
is to select controls on the side of the
road. Only low sample sizes, however,
are achieved using this method, and
this may also lead to selection bias, as
participation is on a voluntary basis. The
principle of the responsibility analysis
is that if a factor contributes to road

Subgroup analysis showed that, of the 2,936 drivers exposed ~ traffic crash causation, it is expected that it would be over-
to antidepressants on the day of the crash, the responsibility ~ represented in the responsible drivers. The method does not
OR was 1.28 (95% CI, 0.97-1.68) in the 289 drivers who had capture the risk, for nonresponsible drivers, of being unable
1 prescription over the 6-month period before the crashand ~ to avoid a crash that may be linked to medicine consump-
1.35(95% CI, 1.22-1.48) for the remaining 2,647 drivers who tion. This would lead to an underestimation of the risk
had more than 1 prescription over the same period. There  estimate. In a previous study on the impact of illegal drug
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Table 2. Responsibility Analysis: Odds Ratios for Responsible Road Traffic Crashes in Users of

Antidepressants®

n (%) Exposed

Responsible  Not Responsible

Antidepressant Type (n=34,896) (n=37,789) Crude OR [95% CI]  Adjusted ORP[95% CI]
All antidepressants 1,640 (4.7) 1,296 (3.4) 1.39 [1.29-1.50]** 1.34 [1.22-1.47]**
Tricyclic antidepressants 162 (0.5) 143 (0.4) 1.23 [0.98-1.54] 1.05 [0.81-1.36]
Selective serotonin reuptake inhibitors 1,026 (2.9) 831 (2.2) 1.35 [1.23-1.48]** 1.30 [1.16-1.46]**
Serotonin-norepinephrine reuptake 340 (1.0) 242 (0.6) 1.53 [1.29-1.80]** 1.51 [1.25-1.84]**

inhibitors
Other antidepressants 213 (0.6) 141 (0.4) 1.64 [1.33-2.03]** 1.30 [1.01-1.67]*

aReference group = drivers not exposed to medicines considered.
®Qdds ratios adjusted for age, gender, socioeconomic category, month, time of day, vehicle type, alcohol level, injury
severity, concomitant exposure, and long-term chronic diseases.

*P<.05, ¥*¥P<.0001.

Table 3. Case-Crossover Analysis: Odds Ratios for Road Traffic Crashes

Case Period Control Period
n % n % OR [95% CI]
All antidepressants
In all users 2,936 4.0 2,980 4.1 0.96 [0.88-1.05]
In users with only 1 prescription 289 0.4 194 0.3 1.49 [1.24-1.79]**
Tricyclic antidepressants 305 0.4 317 0.4 0.92 [0.73-1.16]
Selective serotonin reuptake inhibitors 1,857 2.6 1,909 2.6 0.92 [0.83-1.03]
Serotonin-norepinephrine reuptake inhibitors 582 0.8 568 0.8 1.07 [0.88-1.31]
Other antidepressants 354 0.5 330 0.5 1.19 [0.94-1.51]
Changes in antidepressant treatment 281 0.4 224 0.3 1.32 [1.09-1.60]*

*P<.01, **P<.0001.

consumption, using the same police national database but
limited to fatal crashes,?” the same method used to deter-
mine responsibility was approved by an independent expert
evaluation of responsibility. Importantly, responsibility levels
were computed independently of alcohol and illicit drug use
because of their potential interactions with medicine use.

The results showed a significant association between selec-
tive serotonin reuptake inhibitors, serotonin-norepinephrine
reuptake inhibitors, and other antidepressants (to a lesser
extent) and the risk of being responsible for a crash. The
absence of an association with tricyclic antidepressants may
be explained by the sedating effects of these antidepressants
or advice provided by prescribers that may dissuade patients
from driving or make them more cautious at the wheel. This
lack of association may also be due to the low prevalence
of consumption of tricyclic antidepressants as they were
progressively supplanted by newer generations of anti-
depressants. The analysis was adjusted for other medicines
(such as benzodiazepines) and blood alcohol concentration,
which are themselves known to increase the risk of crash.
Moreover, the descriptive analysis showed that antidepres-
sant users often used these medicines concomitantly and
were under the influence of alcohol at the time of the crash.
We also controlled for accident type and injury severity, 2
factors that may be related to suicidal gestures.

The most recurring difficulty in all studies of this topic
is to disentangle the impact of the medical condition and
the impact of medication (confounding by indication).
This is the main reason why we also performed a case-
crossover analysis. The results showed that prescription of
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an antidepressant treatment did not significantly increase the
risk of road traffic crash. Since the case-crossover approach is
unsuited for chronic treatments, this result was not surpris-
ing. When we looked at acute exposures such as initiation or
change in treatment, significant associations were detected.
This effect is likely to be linked to the medication, as depres-
sion symptoms may have appeared several weeks before the
crash (thus before the control period) and cannot therefore
account for the risk measured by the case-crossover analy-
sis. The association between a change in treatment and the
risk of crash found in the case-crossover analysis may be
due to the medicines but may also be indicative of an aggra-
vation of the depressive state or of a period during which
the depressive state was unstable, leading to a higher risk
of crash related to the symptoms of the clinical condition.
It has been shown that depression is associated with slower
reaction time in a driving simulator’” and with lower scores
in attention abilities.”® Worrying thoughts in depression
seem to predominate over other important information.”
All of these symptoms may lead to impaired driving perfor-
mance. Risk estimates obtained in the responsibility analysis
are a combination of all of these factors: impact of treat-
ment initiation, impact of treatment changes, and impact
of depression symptoms. The analysis conducted according
to the number of prescriptions showed that there is also an
increased responsibility risk in drivers who had more than 1
prescription before the crash. Responsibility risk was associ-
ated with the use of several classes of antidepressants and
in particular selective serotonin reuptake inhibitors and
serotonin-norepinephrine reuptake inhibitors, which are

J Clin Psychiatry 73:8, August 2012



nonsedating antidepressants. Even if such antidepressants
have been shown to slightly impair performance in healthy
subjects,>*!® a driving simulator study suggested that treated
depressed patients had better performances on tasks related
to driving than untreated depressed patients.!* Long-term
treatment with antidepressants may thus reduce the risk, but
not to baseline, the residual risk probably being linked to
depression symptoms.

Injury severity was associated with the probability of
being part of the study. Thus, severely injured drivers were
more likely to be included than slightly injured drivers. Killed
drivers and uninjured drivers had still lower inclusion rates.
This finding can be explained by the fact that injured driv-
ers were more likely to be admitted to the hospital, so their
health care number was more frequently noted in the police
report. Thus, our study sample slightly overrepresented driv-
ers injured in more severe crashes.

Medicine exposure was ascertained from computerized
records of reimbursed prescriptions filled at the pharmacy.
These data were not subject to underreporting, a major
problem encountered when medicine exposure data are self-
reported.’® However, we did not know whether the medicines
were actually ingested. Noncompliance, which we were not
able to check, would therefore result in exposure misclas-
sification. Nevertheless, the resulting misclassification would
be nondifferential between the cases and the controls. While
this aspect of the study method may lead to overestimation
of exposure prevalence, the association measures remain
unbiased. Other studies using patient-derived data and the
same dispensation database showed that the health care
insurance data are reliable indicators of actual exposure for
medicines used over a long time frame.>!

In summary, data presented in this study indicate that
patients and prescribers should be warned about the risk
of crash during periods of antidepressant medication and
periods of particularly high vulnerability such as those when
a treatment is initiated or changed.
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milnacipran (Savella), mirtazapine (Remeron and others), paroxetine
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