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n studies conducted internationally, benzodiazepines
are frequently detected drugs in people injured or
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Objective: The purpose of the present study
was to examine the experimental and epidemio-
logic evidence linking benzodiazepine use to
driving impairment.

Data Sources: We searched MEDLINE,
PsycINFO, the Cochrane Collaboration, and
EMBASE using the key terms (“benzodiaze-
pines” OR “exp benzodiazepines”) AND
(“automobile driving” OR “accidents, traffic”
OR “driving” OR “driver$”) and limited the re-
sults to English citations from 1966 to August 5,
2005, with auto-updates for MEDLINE and
PsycINFO to November 30, 2007.

Study Selection and Data Extraction: Ex-
perimental studies using driving simulators and
on-road tests were sought, as were epidemiologic
studies of a case-control or cohort design. Data
were extracted by blinded raters and pooled
using random-effects models. We excluded
studies without control groups or without
measures of driving or collisions. Studies with
driving measures that could not be combined
were also excluded.

Data Synthesis: Of 405 potential articles,
11 epidemiologic and 16 experimental studies
were included in the meta-analysis. Associations
between motor vehicle collisions (MVCs) and
benzodiazepine use were found among 6 case-
control studies (OR = 1.61, 95% CI = 1.21 to
2.13, p < .001), and 3 cohort studies (OR = 1.60,
95% CI = 1.29 to 1.97, p < .0001). Only 10 of 97
experimental driving variables could be pooled
for analysis. While no consistent findings were
observed in studies using driving simulators, in-
creased deviation of lateral position was found
on on-road driving tests (standardized mean dif-
ference = 0.80, 95% CI = 0.35 to 1.25, p = .0004).

Conclusions: Benzodiazepine users were
found to be at a significantly increased risk of
MVCs compared to nonusers, and these differ-
ences may be accounted for by a difficulty in
maintaining road position.
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killed in motor vehicle collisions (MVCs),1 and the trends
may be increasing.2 Benzodiazepines act directly on the
γ-aminobutyric acid (GABA) system, the major inhibitory
neurotransmitter of the central nervous system. By en-
hancing GABA-ergic neurotransmission, they cause inhi-
bition of the central nervous system in a manner similar to
alcohol.3 While the effects of alcohol on driving have
been well-publicized and emphasized in transportation
policies and legislation internationally, there has been less
recognition of the potential negative effects of benzo-
diazepine use on road safety.4

There have been many studies published over the
last 30 years attempting to discern the traffic risks
associated with benzodiazepine use. Two complementary
approaches, experimental and epidemiologic, provide
the best information for understanding the relationship
between drugs and MVCs or driving impairment.1,4 The
epidemiologic studies examine the risk of collisions
associated with benzodiazepines “on the street” in the
real world. Experimental studies examine the relationship
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between the administration of the benzodiazepines and
driving behavior as measured by driving simulators or on-
road driving tests. The purpose of the present study is to
examine the association of benzodiazepine use with real-
world MVCs in epidemiologic studies and with driving im-
pairment in experimental studies.

METHOD

Identification of Studies
We searched MEDLINE, PsycINFO, the Cochrane

Collaboration, and EMBASE using the key terms (“benzo-
diazepines” OR “exp benzodiazepines”) AND (“auto-
mobile driving” OR “accidents, traffic” OR “driving” OR
“driver$”) and limited the results to English citations from
1966 to August Week 1, 2005, with auto-updates for
MEDLINE and PsycINFO to November 30, 2007. Addi-
tional searches were conducted by listing individual ben-
zodiazepines using the same strategy. Review articles and
reference lists from the included articles were searched
manually for published references pertaining to the topic.
Authors of publications with missing data were contacted
by mail.

Inclusion and Exclusion Criteria
We included English-language studies that examined

real-world collisions in case-control or cohort studies, as
well as studies examining driving behavior in a laboratory
setting using either driving simulators or on-road driving
tests. We excluded studies that did not examine benzo-
diazepines, those that only examined benzodiazepines in
combination with other drugs or substances (i.e., not ben-
zodiazepines in isolation), or studies lacking a control
group not exposed to benzodiazepines. Studies of newer
non-benzodiazepine sedative-hypnotics were excluded.
We excluded experiments that examined psychomotor im-
pairment on tests that did not have either a driving simula-
tor or a road test. After a more detailed review of potential
studies, we excluded duplicate publications and studies
that employed a driving outcome measure in a manner that
was unique to the individual study and could not be com-
bined with other published studies.

Study Selection and Data Extraction
Articles were selected on the basis of inclusion and ex-

clusion criteria. Data were extracted for each article by 2
investigators blinded with respect to authors, author affilia-
tion, year, dates, location, and journal. The investigators
extracted data concerning study design, inclusion and ex-
clusion criteria, demographic information, methods of as-
certainment of benzodiazepines, names and doses of ben-
zodiazepines, category of driving impairment (simulated,
on-road, or actual collisions), numbers of cases and con-
trols, specific driving impairment measures, and outcomes.
Discrepancies, where present, were resolved by consensus.

Data Analysis
For the experimental studies using different ben-

zodiazepines, the individual doses were converted into
diazepam equivalents.5,6 The raw data from each study
were extracted and entered into RevMan, Version 4.2
(The Cochrane Collaboration, Copenhagen, Denmark).
The standardized mean difference (SMD) of scores on the
laboratory tests between subjects taking benzodiazepines
and controls was calculated. Odds ratios and relative risks
were calculated for the case-control and cohort studies,
respectively. The risk among older adults (in subgroups
age 60 years and over or 65 years and over) was cal-
culated when possible in subgroup analyses. Heterogene-
ity was estimated, and significance was assessed using
χ2 and I2. Outcomes were pooled across the studies with
the random-effects meta-analytic model developed by
Cochrane, which weights each study’s effect size by its
sample size and by the between-study variance.7 The
random-effects model gives a more conservative estimate
of the effect size than a fixed-effects model and is more
appropriate when one cannot assume the studies estimate
a common effect size or are representative of all studies.7

In order to assess the impact of publication bias, the Begg
method8 was used for the case-control studies, calculating
a Spearman correlation between sample size and odds ra-
tio. The Begg method could not be used for the other out-
comes because each had 3 or fewer studies. The number
needed to harm (NNH) for the case-control studies was
calculated as 1 + [CER × (OR–1)]/[(1–CER) × (CER) ×
(OR–1)],9 with CER representing the control event rate
(i.e., the event rate in the control group).

RESULTS

Studies
Using the search strategy, a total of 405 articles were

obtained. Of those identified, 378 were excluded, and 27
were included (Figure 1). Reasons for initial exclusion
(N = 335) were not matching search criteria (N = 98), no
benzodiazepines-only group (N = 43), reviews or editori-
als (N = 62), no control group (N = 75), and nondriving
psychomotor tests (N = 57). A further 43 were excluded
after more detailed review because of duplicate publica-
tion or population (N = 5) and the use of unique outcomes
or measures that could not be combined for meta-analysis
(N = 38) (Appendix 1).

Letters were sent to 22 authors of studies in which data
were missing. Data were provided from 1 author, 4 au-
thors replied that data were unavailable, 5 letters were
“returned to sender,” and the remainder did not reply after
a second follow-up letter.

The initial literature search revealed a total of 97 out-
come measures used in the various experimental studies.
Only 10 outcome measures were used in more than 1
study in a comparable manner, and only studies incorpo-
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rating these measures were included in the analyses. The
common outcome measures using driving simulators
were brake reaction time, standard deviation of lateral po-
sition, absolute speed deviation, deviation from instructed
speed, number of collisions, and a tracking error severity
index. The common outcome measures of studies using
an on-road driving study were brake reaction time, stan-
dard deviation of lateral position, mean speed, and devia-
tion from instructed speed.

The 11 epidemiologic studies included 6 case-control
studies10–15 (Table 1), 3 cohort studies16–18 (Table 2), and 2
“case-control culpability” studies.19,20 In the case-control
culpability studies, all subjects were involved in a MVC,
and the relationship between their drug use and culpa-
bility for the MVC was assessed. We included 15 pub-
lications that incorporate 16 experimental studies: there
were 9 reports using computer-simulated driving tests21–29

(Table 3) and 8 using an on-road driving test29–36 (Table 4).

Epidemiologic Studies
Case-control studies. Among the 6 case-control stud-

ies10–15 (see Table 1), one study by Hemmelgarn et al.15 di-
vided benzodiazepine exposure to short-acting and long-
acting benzodiazepines, and exact data were not available
for “any benzodiazepine” exposure. In that study, long-
acting benzodiazepine exposure but not short-acting
exposure was associated with MVC. Combining the 6
case-control studies using the long-acting benzodiaze-
pines from the former study yielded an OR of 1.61 (95%
CI = 1.21 to 2.13, p < .001) (Figure 2). Correspondingly,
the NNH for the risk of MVCs with benzodiazepines was

25.5 (95% CI = 14.3 to 72.0). Analysis of publication bias
indicated that there was no association between sample
size and odds ratio (Spearman r = –0.086, p = .87). While
using short-acting benzodiazepines from the study by
Hemmelgarn et al.15 also yielded an OR of 1.59 (95%
CI = 1.05 to 2.39, p = .03) in the meta-analysis, there was
substantial heterogeneity (χ2 = 19.45, df = 5, p = .002,
I2 = 74.3%). Because the Hemmelgarn et al. study15 did
not have data for “any benzodiazepine exposure,” we
also repeated the meta-analysis excluding that study and
found a comparable OR of 1.88 (95% CI = 1.20 to 2.94,
p = .006), with reasonable homogeneity (χ2 = 7.50, df =
4, p = .11, I2 = 46.6%).

Three of the case-control studies did not perform sub-
analyses.10,11,13 Leveille et al.14 demonstrated no differ-
ences in risk based on quantity of benzodiazepines pre-
scribed or on whether the use was “current or past.”
Hemmelgarn and colleagues’ study15 demonstrated that
the risk of collision was associated with long-acting ben-
zodiazepine use in the first 7 days after prescription and
for use between 61 and 365 days after prescription, but
not for use between 8 and 60 days after prescription. They
also reported no increased risk of collisions with short-
acting benzodiazepines regardless of when prescribed in
relation to the collision. McGwin et al.12 found an in-
creased risk of benzodiazepine exposure when comparing
at-fault collisions vs. no collisions, and when comparing
at-fault versus not-at-fault collisions. Meta-analysis of
these subanalyses was not possible.

Two case-control culpability studies were found,19,20 in
which all subjects were involved in collisions. In these
studies, subjects who were found culpable for the col-
lisions and those found not culpable were compared for
benzodiazepine exposure. One of these studies reported
an association between culpability for collision and
benzodiazepine exposure,20 while the other did not.19 Het-
erogeneity precluded meta-analysis (χ2 = 12.08, df = 1,
p = .0005, I2 = 91.7%).

Cohort studies. Three cohort studies were examined
in which subjects exposed to benzodiazepines were com-
pared with controls for risk of MVC16–18 (Table 2). The
study by Neutel17 subdivided benzodiazepine exposure
into hypnotics and anxiolytics, but exact data were not
available for “any benzodiazepine.” Combining the data
regarding anxiolytics from that study with the other 2, we
found a relative risk (RR) of 1.60 (95% CI = 1.29 to 1.97,
p < .0001) (Figure 3), but data were heterogeneous when
analyzed with the hypnotics (χ2 = 7.96, df = 2, p = .02,
I2 = 74.9%). Analysis of the data from the 2 studies16,18 ex-
cluding the Neutel study17 yielded a comparable RR of
1.59 (95% CI = 1.42 to 1.77, p < .00001) with reasonable
homogeneity (χ2 = 1.32, df = 1, p = .25, I2 = 24.2%).

Subanalyses were done by the authors of the cohort
studies, but these could not be subjected to meta-analysis.
A dose-response relationship indicating increased risk of

Figure 1. Flow Diagram for Studies Included and Excluded
From Meta-Analysis

Potential Studies Identified
and Screened for Retrieval

(n = 405)

Studies Retrieved for
More Detailed Evaluation

(n = 70)

Studies Excluded
(n = 335)

Not matching search criteria: n = 98
No benzodiazepine-only control group: n = 43
Reviews or editorials: n = 62
No control group: n = 75
Nondriving psychomotor tests: n = 57

Studies Excluded From Meta-Analysis
(n = 43)

Duplication publication or population: n = 5
Use of unique outcome measures that

could not be combined: n = 38

Studies Included in Meta-Analysis
(n = 27), by Design

Case Control Studies: n = 6
Cohort Studies: n = 3
Case-Control Culpability Studies: n = 2
Simulator Studies: n = 9
On-Road Studies: n = 7
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MVCs with higher doses was demonstrated
by Ray et al.,18 in which the RR increased
from 1.1 (95% CI = 0.5 to 2.2) for the
equivalent of 4 mg of diazepam or less to
2.4 (95% CI = 1.3 to 4.4) for 20 mg or
more (p = .05). They also reported that the
risk was significantly higher for the use
of more than 1 benzodiazepine (RR = 4.8,
95% CI = 1.6 to 14.5) as compared with
single benzodiazepines (RR = 1.5, 95%
CI = 1.1 to 2.0, p = .05). Duration of use
did not vary the risk in the study by Ray et
al.,18 but Neutel, in a publication of sub-
analyses,37 reported that the risk of colli-
sions increased for hypnotics in the first 14
days of use, but not subsequently, and that
new users had an increased risk but repeat
users did not. Oster et al.16 found that ben-
zodiazepines of both short and long dura-
tion increased risks of collisions.

Older adult subgroup analysis. Sub-
group analysis of the 3 case-control studies
that examined data for subjects aged 65
years and older12,14 or aged 67 to 84 years15

(using the long-acting benzodiazepine sub-
group of Hemmelgarn et al.15 as described
previously) was homogeneous (χ2 = 2.33,
df = 2, p = .31, I2 = 14.1%) and revealed
an OR of 1.35 (95% CI = 1.09 to 1.69,
p = .007). Subgroup analysis of the 2 co-
hort studies that examined data for subjects
aged 60 years and older17 or aged 65 to 94
years18 (using the anxiolytic subgroup from
the Neutel study17 as described previously)
was also homogeneous (χ2 = 1.06, df = 1,
p = .30, I2 = 5.6%) and revealed an OR of
1.41 (95% CI = 1.03 to 1.93, p = .03).

Experimental Studies
Simulator. Mattila25 and Mattila et al.26

published 2 studies, one in 198825 and one
in 1998,26 in which healthy volunteers
were entered into double-blind randomized
crossover studies of diazepam compared
with placebo. At 1 or 1.5 hours and 3 or
3.5 hours postdose, subjects were tested
on their ability to maintain a set road posi-
tion on a test of simulated driving on
a tracking task and while distracted by
choice reaction stimuli. The percentage
of time driven off the path was calculated
as a tracking error severity index. The 1988
publication used a single 10-mg dose of
diazepam, while the 1998 publication used
15 mg. The analysis revealed no increaseTa
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in tracking errors when tested at 3 or 3.5 hours postdose
(SMD = 0.79, 95% CI = –0.23 to 1.81), but heterogeneity
precluded combining results of testing less than 1.5 hours
postdose (χ2 = 5.39, df = 1, p = .02, I2 = 81.4%).

Four studies of brake reaction time21–23,29 were ho-
mogeneous when stratified for dose (χ2 = 1.35, df = 2,
p = .51, I2 = 0% for 3 experiments with 5 mg diazepam
equivalents or less,22,23,29 and χ2 = 1.89, df = 2, p = .39,
I2 = 0% for 3 experiments with 10 mg or more21–23) but no
differences were found between benzodiazepine and
placebo (SMD = –0.13, 95% CI = –0.50 to 0.24, p = .50).
The 2 studies of deviation from instructed speed27,28 were
homogeneous (χ2 = 0.85, df = 1, p = .36, I2 = 0%), but
also showed no increase with benzodiazepines (SMD =
–0.05, 95% CI = –0.49 to 0.40, p = .84). Heterogeneity
among studies assessing number of collisions on a sim-
ulator24,28 (χ2 = 3.44, df = 1, p = .06, I2 = 70.9%) and ab-
solute speed deviation22,28 (χ2 = 13.09, df = 1, p < .0003,
I2 = 92.4%) precluded meta-analysis.

On-Road. Four reports, including 5 experiments
using on-road assessment of subjects entered into double-
blind placebo-controlled crossover studies of the effects
of benzodiazepines on deviation of road position, were
combined for meta-analysis.29,33,34,36 In each of the studies,
the task of subjects was to drive an instrumented vehicle
around a 100-km primary highway circuit while main-
taining constant speed (95 km/h) and steady lateral posi-
tion. Standard deviation of lateral position (SDLP)
was calculated using an on-board computer. Four of the
studies assessed healthy volunteers as subjects,29,33,34,36

and 1 study assessed former hypnotic drug users.34 When
analyzed together, the results were heterogeneous (χ2 =
157.02, df = 3, p < .00001, I2 = 98.1%). Studies were then
stratified by dosage and timing. Increased deviation
of lateral position was found in 2 studies using benzo-
diazepine equivalents of 5 mg of diazepam or less tested
the morning after bedtime dosing29,33 (SMD = 0.80,
95% CI = 0.35 to 1.25, p = .0004), but not among 2
studies from the same reports testing impairment in the
afternoon after bedtime dosing.29,33 The effect on SDLP
was more marked at doses of 10 mg of diazepam equiva-
lents or more but was associated with substantial hetero-
geneity (χ2 = 45.94, df = 2, p < .00001, I2 = 95.6%)33,34,36

(Figure 4).
Three double-blind placebo-controlled crossover

studies assessing the impact of benzodiazepines on on-
road driving among healthy controls30,31 or anxious pa-
tients32 were homogeneous (χ2 = 0.17, df = 2 p = .92, I2 =
0%) but showed no impact on brake reaction time
(SMD = 0.05, 95% CI = –0.44 to 0.54, p = .84).

Heterogeneity precluded pooling of 2 studies35,36 that
assessed mean speed (χ2 = 13.07, df = 1, p < .00003,
I2 = 92.3%) and deviation from instructed speed (χ2 =
17.44, df = 1, p < .0001, I2 = 94.3%) on on-road driving
tests.Ta
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Treatment Control
Group, Group, SMD (random), SMD (random),

Study or Subcategory N Mean (SD) N Mean (SD) 95% CI Weight, % 95% CI

SDLP on road at dose equivalent ≤ 5 mg diazepam tested in pm

O’Hanlon (1984)a 24 21.20 (4.00) 24 19.00 (4.00) 15.35 0.54 (–0.04 to 1.12)
Volkerts et al (1992)b 18 17.76 (2.73) 18 17.56 (2.82) 15.08 0.07 (–0.58 to 0.72)

Subtotal (95% CI) 42 42 30.43 0.33 (–0.13 to 0.79)
Test for heterogeneity: χ2 = 1.12, df = 1 (p = .29), I2 = 10.6%
Test for overall effect: Z = 1.42 (p = .16)

SDLP at dose equivalent ≤ 5 mg diazepam tested in am

O’Hanlon (1984)c 24 22.50 (3.00) 24 19.00 (4.50) 15.28 0.90 (0.30 to 1.50)
Volkerts et al (1992)d 18 18.76 (2.53) 18 17.10 (2.27) 15.00 0.68 (0.00 to 1.35)

Subtotal (95% CI) 42 42 30.28 0.80 (0.35 to 1.25)
Test for heterogeneity: χ2 = 0.24, df = 1 (p = .62), I2 = 0%
Test for overall effect: Z = 3.52 (p = .0004)

SDLP at dose equivalent ≥ 10 mg diazepam

O’Hanlon (1984)e 16 21.10 (2.20) 16 19.00 (4.50) 14.87 0.58 (–0.13 to 1.29)
O’Hanlon et al (1995)f 16 24.60 (1.40) 16 22.00 (1.00) 14.15 2.08 (1.20 to 2.96)
Verster et al (2002)gAllALLA 20 30.60 (1.60) 20 21.20 (1.00) 10.28 6.91 (5.20 to 8.62)

Subtotal (95% CI) 52 52 39.29 3.07 (0.30 to 5.83)
Test for heterogeneity: χ2 = 45.94, df = 2 (p = .00001), I2 = 95.6%
Test for overall effect: Z = 2.17 (p = .03)

–10 0 10
Favors Treatment Favors Control

–5 5

Figure 4. Standard Deviation of Lateral Position (SDLP) in On-Road Studies

aO’Hanlon (1984)33: flurazepam 15 mg tested in p.m.
bVolkerts et al. (1992)29: lormetazepam 1 mg tested in p.m.
cO’Hanlon (1984)33: flurazepam 15 mg tested in a.m.
dVolkerts et al. (1992)29: lormetazepam 1 mg tested in a.m.
eO’Hanlon (1984)33: flunitrazepam 2 mg tested in a.m.
fO’Hanlon et al. (1995)34: diazepam 15 mg.
gVerster et al. (2002)36: alprazolam 1 mg tested 1 hour postdose.

Treatment Group Control Group OR (random), OR (random),
Study or Subcategory  (n/N) (n/N) 95% CI Weight, % 95% CI

Oster et al (1987)16 233/7271 1309/65,439 56.23 1.60 (1.40 to 1.84)
Ray et al (1992)18 46/2978 245/21,578 27.95 1.31 (0.96 to 1.79)
Neutel (1995)17 anxiolytic 77/24,284 23/16,087 15.82 2.22 (1.39 to 3.53)

Total (95% CI) 34,533 103,104 100.00 1.60 (1.29 to 1.97)
Total events: 356 (treatment group), 1586 (control group)
Test for heterogeneity: χ2 = 3.45, df = 2 (p = .18), I2 = 41.9%
Test for overall effect: Z = 4.39 (p < .0001)

0.1 0.2 1 2 10
Favors Treatment Favors Control

0.5 5

Figure 3. Cohort Studies of Risk of Exposure to Benzodiazepines Associated With Motor Vehicle Collisions

Treatment  Group Control Group OR (random), OR (random),
Study or Subcategory (n/N) (n/N) 95% CI Weight, % 95% CI

Hemmelgarn et al (1997)15 long-acting 387/3817 2911/38,511 41.07 1.38 (1.23 to 1.54)
Honkanen et al (1980)10 10/201 7/325 6.90 2.38 (0.89 to 6.35)
Leveille et al (1994)14 22/234 40/447 16.53 1.06 (0.61 to 1.82)
Mura et al (2003)11 85/900 52/900 25.64 1.70 (1.19 to 2.43)
Skegg et al (1979)13 5/57 32/1425 6.90 4.19 (1.57 to 11.18)
McGwin et al (2000)12 7/447 2/454 2.96 3.60 (0.74 to 17.40)

Total (95% CI) 5656 42,062 100.00 1.61 (1.21 to 2.13)
Total events: 516 (treatment group), 3044 (control group)
Test for heterogeneity: χ2 = 9.40, df = 5 (p = .09), I2 = 46.8%
Test for overall effect: Z = 3.30 (p =.0010)

0.01 0.1 1 10 100
Favors Treatment Favors Control

Figure 2. Case-Control Studies of Risk of Exposure to Benzodiazepines Associated With Motor Vehicle Collisions
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DISCUSSION

The present meta-analysis revealed a consistent 60%
increase of MVC risk associated with benzodiazepine
use, using case-control and cohort studies. The magnitude
of risk was comparable to that found in recent meta-
analyses showing associations of benzodiazepines with
adverse effects, especially drowsiness and dizziness,
among mixed-age groups (OR = 1.8, 95% CI = 1.4 to
2.4),38 and with falls among older adults (OR = 1.48, 95%
CI = 1.23 to 1.77).39 We had anticipated that the risks
might be particularly salient in older subjects, a vulner-
able group to whom benzodiazepines are frequently pre-
scribed.40,41 Another recent meta-analysis of benzodiaze-
pines in those aged 60 years and older revealed more than
a 3-fold increase in risk of daytime fatigue (OR = 3.82,
95% CI = 1.88 to 7.80), in addition to increased risk of
adverse cognitive events (OR = 4.78, 95% CI = 1.47 to
15.47).42 In the present meta-analysis, the risk estimates
for subgroups of older adults were similar to that in
mixed-age groups, with the older adults’ midpoint esti-
mate within the mixed-age confidence intervals, suggest-
ing that perhaps other patient-related factors beyond ben-
zodiazepines may be playing a role in the phenomenon
of MVCs among mixed-age groups. For example, older
adults may engage in less frequent or less risky driving.

A prior systematic review of the epidemiologic litera-
ture on benzodiazepines and collisions indicated an OR
ranging from 1.45 to 2.40 for mortality and emergency
admissions among 6 case-control studies,43 but meta-
analysis was not conducted. Limitations exist because of
the variability of method of drug ascertainment and with
the interpretation of causality in these epidemiologic
studies.1,44 Other factors, such as a sensation-seeking per-
sonality, may explain both drug use and high-risk driving.
In the present meta-analysis, while the ORs may be sensi-
tive to the high prevalence of benzodiazepine use and
motor vehicle collisions and may overestimate RRs, the
summary ORs found in the case-control studies were very
similar to the RRs in the cohort studies.

Psychomotor impairment has consistently been found
to be associated with use of benzodiazepines,45–47 and yet
the mechanism for impaired driving ability and subse-
quent collision risk remains unclear even with the present
meta-analysis of the experimental studies. Studies using
simulators and on-road design showed no delay or slow-
ing of brake reaction time. A nondriving study previously
demonstrated that simple motor reaction time is less af-
fected by benzodiazepines than complex reaction time
tests requiring decisions.47 The tasks assessing brake reac-
tion time in the controlled settings described in the studies
in the present meta-analysis did not assess the phenom-
enon of braking in the face of routine driving distractions.
A previous systematic review of the literature on the ef-
fect of psychotropic medication on computer-simulated

driving tests revealed inconsistent patterns of impairment
in reaction time, tracking, and coordination after acute
doses, but few residual effects on driving testing the
morning after acute doses, particularly since the studies of
residual effects did not utilize longer-acting benzodiaze-
pines.48 The external validity of driving simulators in
assessing road safety has yet to be established.49 Fur-
thermore, the impact of the experimental findings of
drug-induced driving changes in the on-road studies oc-
curs in a controlled laboratory environment that may not
translate to the real world. The only experimental finding
that was significantly associated with benzodiazepines in
the present report was the ability to maintain road posi-
tion, as measured by SDLP in the on-road studies. A prior
meta-analysis limited to SDLP studies of the effect of
benzodiazepines on driving the morning following noc-
turnal treatment similarly found strong effects.50 Hetero-
geneity and inconsistencies in study design precluded
detailed assessment of many of the other experimental
driving variables, including the tracking error severity in-
dex, a simulator task analogous to the SDLP on-road task.
Thus, while the mechanism by which benzodiazepines in-
crease the risk of collisions appears to be related to ability
to maintain a proper road position but not brake reaction
time, other variables have not been assessed in a way that
allows for meta-analytic study.

The most important limitation of the present meta-
analysis of experimental data is that, although we found
97 different outcome measures in the experimental stud-
ies reviewed, only 10 outcome measures were assessed in
a manner consistent enough to be combined for the pur-
pose of meta-analysis. Furthermore, studies using 4 of the
10 experimental outcome measures had heterogeneous re-
sults that precluded meta-analysis. Thus, only 6 of 97 out-
come measures had data sufficient for analysis in the
present report, limiting the generalizability of our find-
ings to the entire experimental literature on benzodiaze-
pines and driving. Caution should also be taken when in-
terpreting these results because of the fact that the
tracking error severity index studies and SDLP studies
were conducted at 1 research center each, and the external
validity of these protocols has yet to be established.
Hence, even for the 2 experimental driving measures that
were consistently impaired in this meta-analysis, general-
izability is limited.

Publication bias is a potential limitation to the present
meta-analysis.51 In the prior meta-analysis of SDLP
and driving while using benzodiazepines,50 3 of the 14
studies examined were not published in the literature.
Nonetheless, publication bias did not seem to affect the
case-control findings in our analysis using the Begg
method. Other limitations of this meta-analysis are the
small sample sizes and the use of healthy controls in most
of the experimental studies. The assessment of risk of
benzodiazepine use among patients is considerably more
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complex, as insomnia and underlying sleep disorders
are well documented to be associated with road haz-
ards.52,53 Given the limitations of the randomized con-
trolled experimental data thus far, one must be particularly
cautious in interpreting the observational data derived
from the epidemiologic literature, in which the relative
impact of the drugs and the conditions that they treat re-
main unexplored.

Because of the variability of the studies in this area,
conclusions could not be made about clinically important
questions that remain. Insufficient information is available
in a consistent manner to address the impacts of dose, tim-
ing following dose, age, duration of treatment, or the im-
pact of concomitant medications in this meta-analysis. As
benzodiazepines are often prescribed for long durations,
more information is also needed on the impact on driving
beyond the acute period. Furthermore, the effects of these
medications on patients with significant anxiety disorders
as compared to controls has not been systematically
assessed—it is possible that, for some patients, the anxiety
itself may impact more negatively on driving than the
pharmacotherapy. The interaction of benzodiazepines with
alcohol is a clinically important problem when it comes to
road safety, but this was outside the scope of the present
review.

Since patients often receive long-term treatment with
low doses of benzodiazepines, further work is particularly
needed to establish whether lower doses of benzodiaze-
pines impair driving. The on-road data presented revealed
tracking difficulties the morning after a low dose of ben-
zodiazepine, but not the afternoon after that same dose,
and one of the cohort studies18 found no increase in risk of
collisions associated with lower doses of benzodiazepines.

The ideal randomized controlled trial exploring the
effects of benzodiazepine use on driving in the real world
among patients would be unethical. However, future ex-
perimental studies should be done with patient rather
than healthy control populations and with more consistent
methodologies using typical clinical doses in order to bet-
ter ascertain the degree and mechanism of driving impair-
ment. Future research is also needed to determine whether
informing patients of road risks and monitoring for seda-
tion with benzodiazepines prior to driving would have a
significant impact on this risk.

CONCLUSIONS

Given the large numbers of drivers prescribed benzo-
diazepines, and the significant increase in MVC risk found
in this meta-analysis and in the previous systematic re-
view,43 calls to limit prescriptions for benzodiazepines be-
cause of other adverse effects are warranted. Estimates in-
dicated that 1.2 million people worldwide are killed in
MVCs annually, with up to an additional 50 million in-
jured.54 Five benzodiazepines were listed among the top

50 drugs prescribed in the United States in 2005,55 and
these drugs are prescribed for more than 15% of older
adults in Ontario, Canada.41 The present meta-analysis
demonstrated that the NNH for MVCs with benzodiaze-
pines is approximately 26, which is particularly concern-
ing given the high prevalence of these drugs in the com-
munity. More research is needed to address the relative
role of anxiety, insomnia, other psychiatric illness, and
low doses of benzodiazepines on road risk. Nonetheless,
clinicians must consider and inform patients about the im-
pact of benzodiazepines on driving ability. Guidelines
recommending short-term use only may help limit the
risks, but are likely insufficient as evidence suggests that
the risk may be highest within the first month of prescrip-
tion.17 Clinical approaches will, however, not be suffi-
cient, as an estimated 7.8% of U.S. college students have
a lifetime prevalence of nonprescription benzodiazepine
use.56 Policy makers should consider making these risks
better known to the public, and legislative changes may
be required to better deal with drivers under the influence
of drugs such as benzodiazepines.4

Drug names: alprazolam (Xanax, Niravam, and others), clorazepate
(Gen-Xene, Tranxene, and others), diazepam (Diastat, Valium, and
others), flurazepam (Dalmane and others), lorazepam (Ativan and
others), temazepam (Restoril and others), triazolam (Halcion
and others).
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