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Sedative hypnotic medications are commonly
prescribed for treatment of insomnia.1---3 Re-
sidual sedation is common with sedatives,
especially the class of short-acting GABA-
agonists commonly referred to as “z-hypnotics”
(zolpidem, zopiclone, and zaleplon),4,5 and
sedation in itself is a causal factor for many
motor vehicle crashes in the United States and
abroad.6---8 Little is known about the impact of
sedative medications on crash rates in the
United States, with most research focused on
elderly drivers or in simulation studies.9,10 A
recent systematic review of pharmaceutical
consumption and traffic safety concluded that
larger studies were needed to evaluate the
association between overall medication use
and traffic crashes.11 Furthermore, the US Food
and Drug Administration has issued multiple
drug safety communications specifically for
zolpidem over the past 2 years, pointedly
making the case for patients and physicians to
take great care in avoiding sedation while
driving.12,13 There are recent changes in the
Food and Drug Administration---approved la-
bels for zolpidem products that suggest lower
recommended dosing.12

The half-life of insomnia medications, in-
cluding those with delayed-release dosage for-
mulations, ranges from 1 to 11 hours.14 A
longer half-life may promote continued seda-
tion during the morning following a sleep in-
duced by the drug.4 These delayed effects may
produce slow reaction time and lack of appro-
priate judgment by someone operating a motor
vehicle. Sedatives may increase the likelihood
of crash by modifying 2 processes: (1) judgment
governing when to operate a motor vehicle,
and (2) increasing drowsiness or delaying re-
action times.

Recent research has demonstrated that sed-
ative hypnotic prescriptions may put people at
a 3-fold increased risk of premature mortality,
with more than 4-fold increased risk in people
receiving 90 or more days of medication in the
first year of treatment.15,16 A portion of this

may be attributable to increased crash risk.
Concern about increased crash risk led the
Food and Drug Administration to recom-
mend the identification of persons at risk for
sedative-related crashes.17 No previous US
study has compared the safety of sedatives with
regard to crash risk at a population level.
However, observational research from Canada,
the European Union, and Taiwan suggest that
sedative medications are associated with in-
creased risk of motor vehicle crashes.9,18 We
sought to investigate the risk of motor vehicle
crash associated with sedative hypnotic use,
and compared the crash risk associated with
individual sedative medications among enroll-
ees of a large health organization in Washing-
ton State.

METHODS

Group Health Cooperative (GH) is an in-
tegrated delivery system that covers approxi-
mately 600 000 individuals in Washington
State. The GH enrollee population closely re-
sembles the underlying community within

Washington State with respect to age, race/
ethnicity, and gender. Information on health
plan enrollment, medical encounters, and
pharmacy use are recorded and maintained in
electronic medical records and automated da-
tabases. These data were linked by a unique
consumer number assigned to each enrollee.19

The prescription drug formulary at GH in-
cluded 3 sedative hypnotics during the study
period: temazepam, trazodone, and zolpidem.
Trazodone, an antidepressant medication, was
included because of its near universal use at
GH for insomnia rather than depression.

We conducted a retrospective population-
based cohort study in the GH population. Eligi-
bility criteria for the study were age 21 to 79
years during the study period (2003---2008),
primary residence in Washington State with
a Washington State driver’s license, and at least
18months of continuous GH enrollment (defined
as <60-day lapse in membership) between Jan-
uary 1, 2003, and December 31, 2008, unless
the participant died. We also required that each
participant have a drug benefit through GH.
Follow-up went through the earliest of end of the
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study period (December 31, 2008), disenroll-
ment, 80 years of age, or death.

Data

Among the eligible population, we devel-
oped a data set linking GH administrative,
medical encounter, and pharmacy records with
Washington State Department of Licensing
driving license records and Department of
Transportation motor vehicle crash records.
We extracted demographic characteristics,
medical encounters, and prescription records
for each study participant. We calculated the
Charlson Comorbidity Index for each partici-
pant by using an adapted algorithm based on
International Classification of Diseases, Ninth
Revision, Clinical Modification codes from the
administrative database.20 We used the algo-
rithm described by Gallian (using complete
name and date of birth) to calculate driver’s
license numbers for study participants.21 All
police-reported crashes during the study period
in which the primary driver was listed as
matching a study driver’s license number were
returned by the Department of Transportation.

We extracted dispensings of sedative hypnotics
on the GH formulary (trazodone [Desyrel],
temazepam [Restoril], and zolpidem [Ambien,
Ambien CR]) during the study period from the
GH pharmacy database. Dispensing data included
the drug name, date of dispensing, strength,
intended days supplied, and National Drug Code.

We defined duration of exposure by col-
lapsing individual dispenses into periods of
continuous use (episodes). We defined expo-
sure to sedative hypnotics as a time-varying
covariate with the start date defined as the
date of dispensing of the first sedative pre-
scription. We assumed an 80% compliance
factor (1.25) multiplied by the days supplied
for each dispensing to determine the run-out
date of the dispensing.22,23 We defined the
period of continuous use as within the
compliance-adjusted run-out date of one dis-
pensing and fill date of the subsequent dis-
pensing. We defined the end date of a contin-
uous episode as the run-out date of the last
prescription in the continuous episode.23 We
evaluated only the initial continuous exposure
episode for each participant to maintain a new-
user study design and avoid healthy user bias.
We matched motor vehicle crash records to the
periods of exposure and nonexposure.

We implemented a new-user study design
by using the first 3 months of eligibility for each
participant to identify current sedative use and
exclude those users from the study.24 We then
followed the nonuser group to identify new
sedative use in the remaining years of the
study. We also stratified exposure by the length
(days) of continuous sedative prescriptions
(1---30, 31---120, 121---240, 241---360, and
‡361 concurrent days).

Statistical Analyses

We used Cox proportional hazards regres-
sion to estimate the multivariable adjusted
hazard ratio (HR) and 95% confidence interval
(CI) for sedative medication use with motor
vehicle crash as the outcome. This approach
applied a nonparametric time-to-event model,
which assumed that the instantaneous rate of
crash is constantly proportional between the
exposed and unexposed groups over time. By
employing robust sandwich estimator standard
errors in the model, we allowed for nonlinear-
ity of HRs between the exposed and unexposed
groups.25,26 We tested the proportional haz-
ards assumption with visual assessment of
plotted cumulative sums of the Martingale re-
siduals as well as the Kolmogorov-type
supremum test using 1000 simulations.27

We first defined all 3 sedatives of interest as
a composite exposure to estimate the overall
association of sedatives with crash risk. We
then individually estimated the association for
each medication, with linear hypothesis tests
for the equality of the estimates. We adjusted
all multivariate models for age (quadratic term),
gender, calendar year of exposure (categorical),
prescription opioid dispensings, and Charlson
Comorbidity Index at study entry (categorized
into 0, 1, 2, and 3 or greater with 0 serving as
the reference group). We considered other
prescription medications (antiseizure, antide-
mentia, antidepressant) and medical diagnoses
(neurological and cardiovascular disorders) as
possible confounders on the basis of a recent
National Highway Traffic Safety report28 but
none were found to be associated with both the
exposure and outcome and we therefore omit-
ted them from the final models.

We also translated the model-based HR
estimates into blood alcohol concentration
(BAC) equivalents by using data from Peck
et al.29 To do so, we matched the HRs found in

our analyses with the relative risk values in
Peck et al. for participants aged 21 to 55 or
more years of age and extracted the BAC
equivalents that were associated with that
relative risk. Although it is not an exact match,
this translation provides the relative context
necessary for interpreting the risk of crash.

We generated all analyses with SAS software
for Windows, version 9.3 (SAS Institute Inc,
Cary, NC).

RESULTS

The final cohort comprised 409 171 partic-
ipants (Figure 1). Selected baseline demo-
graphic characteristics, medication exposures,
and frequency counts of motor vehicle crashes
for the study cohort are reported in Table 1.
The median age of the study population was 42
years. Slightly more than half (54%) were
female, and most (94%) were relatively healthy
(Charlson Comorbidity Index score of 0).
Among our sample, 5.8% of patients (11 197
person-years; n = 23 803) had incident seda-
tive hypnotic use. Non---sedative users contrib-
uted 1.5 million person-years of unexposed
time to the study. Among the cohort, the
police-reported crash rate was 27 per 1000
person-years, 10% of whom had experienced
more than 1 crash during the study period.

Trazodone was the most commonly pre-
scribed sedative (56%), followed by temaze-
pam (22%) and zolpidem (22%). The model
coefficients for the 4 Cox regressions of crash
risk associated with new sedative use are
reported in Table 2. Incident use of any
sedative was associated with an increased risk
of crashes (HR= 1.90; 95% CI = 1.63, 2.20)
compared with nonuse. New prescriptions
dispensed for each sedative were associated
with an increased risk of crash relative to
nonuse: temazepam (HR=1.27; 95%
CI = 0.85, 1.91), followed by trazodone
(HR=1.91; 95% CI = 1.62, 2.25) and zolpi-
dem (HR=2.20; 95% CI = 1.64, 2.95). The
difference between trazodone and temazepam
was not statistically significant (P= .081), but
the differences between trazodone and zolpi-
dem, and temazepam and zolpidem were
(P= .013 and P= .001, respectively). The
Kolmogorov-type supremum test indicated
that the proportional hazards assumption was
not violated (P= .23).
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Stratification by the length of the continuous
use among incident users revealed a range of
HRs with varying peaks in risk during the first
year of therapy that decreased as the length of
exposure increased. The overall peak of crash risk
occurred between 121 and 240 days of expo-
sure (HR=4.14; 95% CI=2.96, 5.78), with
this primarily driven by the risk of crash from
trazodone during this time period (HR=4.20;

95% CI=2.91, 6.05). Yet, the peak for zolpidem
occurred earlier, between 31 and 120 days
(HR=5.69; 95% CI=3.14, 10.29). After 1 or
more years of continuous therapy, there was
a significant ongoing increased crash risk among
those prescribed trazodone (HR=1.27; 95%
CI=1.02, 1.59) or zolpidem (HR=1.76; 95%
CI=1.21, 2.55), and overall across all sedatives
(HR=1.35; 95% CI=1.11, 1.65; Table 3).

We mapped the incident sedative hypnotic
exposure estimates from fully saturated
models to BAC level risks (Table 3). Incident
sedative use for less than 1 year was associ-
ated with BAC levels of between 0.07% and
0.14%.

DISCUSSION

This study suggests that filled prescriptions
for 3 different types of sedative hypnotic agents
were associated with increased risk of motor
vehicle crash for new users of these medications.
Sedative hypnotic exposure nearly doubled the
risk of crash in new users. Of those evaluated,
temazepam appears to be the sedative with the
lowest risk of motor vehicle crashes. Translating
these results to BAC equivalents suggests that
the risk of motor vehicle crash in sedative
hypnotic users is similar to that found in alcohol
intoxication, exceeding the US legal limit to
operate a motor vehicle.30

When we examined the length of continuous
exposure to sedative medications, there was
a trend toward increased risk over time, with
a peak between 1 and 4 months for zolpidem
but at 4 to 8 months for trazodone and 8 to 12
months for temazepam. The risk of crash
decreased over time for all 3 medications, yet
there remained an increased risk of crash even
after 1 year of prescription fills for both
trazodone and zolpidem. The decreasing risk
over the length of the study may result from
tolerance to the sedative properties of the
medications or, alternatively, it may reflect
adjustment of driving behaviors on the basis of
perception of risky behaviors.

The largest body of evidence regarding the
risk of motor vehicle collisions and sedative
hypnotics comes from Scandinavia and The
Netherlands.31---33 However, only 1 study from
that region has been able to compare com-
monly used hypnotic sleep medications.34 The
largest studies, a registry-based cohort from
Norway, evaluated almost 13 000 collisions
among the 3.1 million residents in 2004 to
2005 and examined the association with ex-
posure to several drug classes. The first study
found a standardized incidence ratio (SIR) of
crash for benzodiazepine hypnotics of 3.3
(95% CI = 2.1, 4.7). For comparison, the SIR
for calcium receptor antagonists was 0.9 (95%
CI =0.5, 1.5).29 Gustavsen et al. followed this

Group Health Cooperative 
Population 1999–2009 

(n = 3 369 650)

Study Population 
(n = 409 171)

Excluded (n = 2 960 479)a

• Age < 21 or > 79 years (n = 738 452)
• Non-Washington State residents (n = 475 958) 
• Less than 1 year of continuous enrollment (n = 1 280 181) 
• Aged out of study eligibility during 1 year of enrollment (n = 82 002)
• No drug coverage (n = 80 288)
• Duplicate or deceased without other eligibility criteria (n = 117 922) 
• Missing gender (n = 11)
• Not licensed to drive in Washington State (n = 197 327)
• Prevalent sedative users (n = 64 418)

aExcluded subjects may have met more than 1 exclusion criteria

FIGURE 1—Study enrollment flow: adults in Washington State Group Health Cooperative with

a Washington State driver’s license, 2003–2008.

TABLE 1—Selected Characteristics of Study Cohort at Baseline, Exposures and Outcomes:

Sedative Hypnotic Use and Risk of Motor Vehicle Crash Among Adult Group Health

Cooperative Enrollees, Washington State, 2003–2008

Characteristic New User Cohort (n = 409 171)

Male gender, no. (%) 190 810 (46.6)

Age, y, median (IQR) 42.0 (30–54)

Charlson Comorbidity Index, %

0 94.8

1 3.5

2 1.1

‡ 3 0.6

Medication exposure time (person-years)

Temazepam 1 657

Trazodone 7 725

Zolpidem 1 816

Motor vehicle crashes, no. (%)

None 385 880 (94.3)

‡ 1 23 291 (5.7)

Note. IQR = interquartile range.

RESEARCH AND PRACTICE

e66 | Research and Practice | Peer Reviewed | Hansen et al. American Journal of Public Health | August 2015, Vol 105, No. 8



same national cohort from 2004 to 2006,
and compared the risks associated with 2
z-hypnotics (zopiclone and zolpidem) and 2
benzodiazepines (flurnitrazepam and nitraze-
pam).34 That study found the highest risk of

crash in users of flurnitrazepam with an SIR of
4.0 (95% CI = 2.4, 6.4), with zolpidem of lower
risk at an SIR of 2.2 (95% CI =1.4, 3.4). One
recent additional study from Taiwan examined
5183 participants with a diagnosis code of

a motor vehicle accident in a matched case---
control methodology and found that 1 month
of use of benzodiazepines, hypnotics, or
z-hypnotics was associated with odds ratios for
crash of 1.68 (95% CI =1.50, 1.88), 1.80 (95%
CI =1.43, 2.26), and 1.63 (95% CI =1.32,
2.01), respectively.18

Other investigators have examined simu-
lated driving behavior, which can be informa-
tive, but differs from real driving behavior.
Eighteen healthy elderly participants were
studied by Leufkens and Vermeeren compar-
ing temazepam, zopiclone, and placebo treat-
ment 10 to 11 hours before a standardized
driving test. In this study, zopiclone was found
to affect driving performance, but temazepam’s
effect was similar to placebo.32 Partinen et al.
undertook a 3-arm, double-blind, placebo-
controlled crossover study of zolpidem and
temazepam, studying the effect of taking these
drugs after midnight on driving simulator
ability the following morning. This was a small
study of female participants (n = 18) and the
primary outcome of time to simulated crash did
not differ between the groups. There was
a statistically significant difference in lane
position deviation: zolpidem produced greater
deviations than either temazepam (0.135 me-
ters of deviation; P= .05) or placebo (0.117
meters of deviation; P= .025).35 Therefore,
although an association between the sedative
hypnotics and motor vehicle crashes likely
exists, previous research has not evaluated
crash risk for different sedative medications.
Furthermore, the largest cohort studies have
not been replicated to examine the validity
or generalizability of its results beyond the
Norwegian population.

Limitations

This study has a number of important
limitations. As with all observational research,
there is the possibility for confounding by
indication. Medical conditions being treated by
the drug exposures may be independently
associated with crash and such confounding
may bias our model estimates. Yet these con-
ditions are not typically acute or rapid onset,
thus allowing participants to contribute both
exposed and unexposed time, which should
mitigate this bias at the individual patient
level.36,37 Trazodone is indicated for use to
treat major depressive disorder but is used

TABLE 2—Incident Sedative Users Model Estimates: Adult Group Health Cooperative

Enrollees, Washington State, 2003–2008

Medication Exposure HR (95% CI)

P for Equivalence

With Zolpidem

All sedatives 1.90 (1.63, 2.20)

Trazodone 1.91 (1.62, 2.25) .013

Temazepam 1.27 (0.85, 1.91) .001

Zolpidem 2.20 (1.64, 2.95) Ref

Note. CI = confidence interval; HR = hazard ratio. All models adjusted for gender, age, calendar year, Charlson Comorbidity
Index at study entry, and coprescription of opioids.

TABLE 3—Incident Sedative Use by Exposure Length Model Estimates and Blood Alcohol

Concentration Equivalents: Adult Group Health Cooperative Enrollees, Washington State,

2003–2008

Medication Exposure HR (95% CI)

BAC Equivalents Crash

Risk Range, %

All sedatives

0–30 d 1.98 (1.44, 2.72) 0.07–0.10

31–120 d 3.47 (2.45, 4.91) 0.10–0.13

121–240 d 4.14 (2.96, 5.78) 0.11–0.14

241–360 d 3.17 (2.24, 4.48) 0.09–0.13

> 360 d 1.35 (1.11, 1.65) 0.05–0.08

Trazodone

0–30 d 2.00 (1.38, 2.91) 0.07–0.11

31–120 d 3.52 (2.42, 5.14) 0.10–0.13

121–240 d 4.20 (2.91, 6.05) 0.11–0.14

241–360 d 3.85 (2.71, 5.47) 0.10–0.13

> 360 d 1.27 (1.02, 1.59) 0.04–0.08

Temazepam

0–30 d 1.65 (0.86, 3.15) 0.00–0.11

31–120 d 1.62 (0.57, 4.59) 0.00–0.13

121–240 d 1.47 (0.44, 4.85) 0.00–0.13

241–360 d 2.69 (1.24, 5.84) 0.06–0.14

> 360 d 0.89 (0.52, 1.53) 0.00–0.08

Zolpidem

0–30 d 1.61 (0.73, 3.53) 0.00–0.12

31–120 d 5.69 (3.14, 10.29) 0.11–0.16

121–240 d 4.26 (2.18, 8.32) 0.09–0.15

241–360 d 2.23 (0.99, 5.02) 0.04–0.13

> 360 d 1.76 (1.21, 2.55) 0.05–0.10

Note. BAC = blood alcohol concentration; CI = confidence interval; HR = hazard ratio. All models adjusted for gender, age,
calendar year, Charlson Comorbidity Index at study entry, and coprescription of opioids.
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off-label for insomnia; thus, the underlying
conditions for which study participants were
undergoing treatment may have varied com-
pared with the other sedatives.

Second, our ascertainment of exposure in
the retrospective analysis was based on pre-
scription dispensing records at GH and may not
represent actual ingestion of medications in the
period preceding a crash.

Third, we are unable to ascertain the actual
driving status of the study participants; thus, we
do not know if systematic differences exist be-
tween the exposed and nonexposed participants
with regard to actual driving behaviors, experi-
ence, and total miles driven, though we restricted
study participation to those individuals who were
licensed to drive during the study period.

Fourth, we were unable to evaluate alcohol
or illicit drug use as potential confounders. We
only had access to alcohol status for partici-
pants who crashed and these data were in-
complete (22% unknown or missing). Con-
comitant use of alcohol with sedatives is
discouraged because of synergistic effects and
could be an important area for future research.

Fifth, the relative sedative effects of the 3
chemicals we studied are not well understood and
cannot be proportionately adjusted for. Finally,
we evaluated people aged 21 to 79 years from
a single large health plan in Washington State,
which could affect generalizability beyond GH.

Conclusions

The 3 sedative hypnotics included in our
study appear to be associated with increased
risk of motor vehicle crash, with the risk
depending on the sedative being used and the
length of continuous exposure. The potential
for residual confounding by underlying sleep
disorders cannot be ignored. Future research is
needed to investigate various sleep disorders
and risk of crash to identify whether the
medications or the sleep disorders are the
causal factor in this association.

Additional important areas for future research
include the latency of medication ingestion in
relation to crashes, sedative dose, tolerance to
these medications, concurrent consumption of
other substances, and the link between sedatives
and fatal crashes, as well as further investigation
into the factors that influence crash risk related to
the length of prescription exposure. Identifying
high-risk prescriptions may improve public

health by educating the prescribers and users of
these medications about the particular types of
exposures that could increase an individual’s
likelihood of crashing.

Depending on an individual’s need to drive
regularly combined with a medical indication
for sedative use, the choice of a particular
sedative may affect the risk of crashing. Pre-
scribers, pharmacists, and patients should
discuss this potential risk and consider the
implications of this analysis when selecting
a sedative hypnotic medication. Physicians may
also wish to consider nonsedating approaches
to encouraging healthy sleep. In the interest of
the public safety on the roads and highways in
the United States, individuals who have been
prescribed sedative hypnotic medications should
be counseled about driving risk and alternative
transportation strategies addressed when under
the influence of these medications. Future re-
search should evaluate whether this association
extends to crash-associated mortality. j
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