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a b s t r a c t

The authors examined the association between prescribed medications and fatal motor vehicle crashes
(MVCs) in an active duty military population between 2002 and 2006. Using a case–control design, MVC
deaths were ascertained using a military mortality registry, and an integrated health system database
provided information on health system eligibility, pharmacy transactions, and medical encounters. Cases
and controls were matched on comparable observation time outside periods of deployment. Among
selected categories, only one, antidepressant medications, was an independent predictor of fatal MVC
(odds ratio, 3.19; 95% confidence interval, 1.01–10.07). Male gender, Black race, enlisted rank, service
branch (Navy and Marine Corps), and selected co-morbidities were also independent predictors. Unex-
harmacoepidemiology
rescription drugs
raffic accidents

pectedly, the odds of younger age quartiles (<27 years) and history of deployment were reduced for MVC
cases. Although results need to be considered in the context of data limitations, the association between
prescribed antidepressants and fatal MVC may reflect unmeasured co-morbidities, such as combined
effects of prescribed and over-the-counter medications and/or alcohol or other substance abuse. Younger
individuals, representing new military accessions in training or returning from deployment with serious

oppo
ing a
injuries, may have fewer
deployment may be show

. Introduction

Motor vehicle crashes (MVCs) continue to be a leading cause
f death in the U.S. among individuals three to 33 years of age,
ccounting for over 43,500 traffic-related deaths in 2005 and rep-
esenting 25.1% of all injury deaths (Kung et al., 2008; NHTSA,
005). The cost to society in terms of property damage, injury and
isability, and years of productive life lost remains high (NHTSA,
005). Among U.S. military personnel, MVC injury and fatality rates
eclined from 1980 to 1995 (Jones, 1999) but remain an impor-
ant cause of injury hospitalization for all service branches (Armed

orces Health Surveillance Center, 2007). Based on 2006 data from
he Department of Defense (DoD) Medical Mortality Registry, MVCs
re the second leading cause of death, following combat (unpub-
ished data, LP).
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rtunities to operate vehicles, or targeted efforts to reduce MVC following
positive effect.

Published by Elsevier Ltd.

Numerous MVC risk factors have been documented in the litera-
ture, including demographic characteristics (young males) (NHTSA,
2005; Tavris et al., 2001) and behavioral factors (speeding, non-
use of occupant restraints and helmets, fatigue, distraction, cellular
phone use, and alcohol consumption) (Bell et al., 2000; CDC, 1995;
Connor et al., 2002; Kraus et al., 1995; Laberge-Nadeau et al., 2003;
Lardelli-Claret et al., 2003; Stutts et al., 2001; Van Tuinen, 1994).
Studies of MVC in military populations reflect the high proportion
of young, single males at increased risk of MVC (Bell et al., 2000;
Hooper et al., 2005, 2006; Krull et al., 2004; Lincoln et al., 2006).
Increased fatal crash risk has previously been reported in the mili-
tary following combat deployment (Hooper et al., 2006; Kang and
Bullman, 2001; Lincoln et al., 2006). Proposed explanations have
included the consequences of adverse psychological outcomes fol-
lowing deployment or coping mechanisms for war-related stresses
and traumatic experiences (Bell et al., 2001).

Certain medical conditions have also been associated with
increased risk of MVC in the general population through impair-

ment of physical or cognitive functioning, including sleep disorders
(Ellen et al., 2006; Howard et al., 2004; Sagberg, 2006; Teran-Santos
et al., 1999), non-medicated diabetes (Sagberg, 2006), seizure disor-
ders (Tomson et al., 2004), prior transient ischemic attack or stroke
(McGwin et al., 2000; Sagberg, 2006; Sims et al., 2000), heart con-
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mailto:thooper@usuhs.mil
mailto:sdebakey@health-ra.com
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itions (McGwin et al., 2000; Sagberg, 2006), arthritis (McGwin et
l., 2000), mental disorders (including substance abuse) (Hooper et
l., 2006), and prior MVC injury (Hooper et al., 2006; McGwin et al.,
000). Furthermore, therapeutic or side effects of medications pre-
cribed for anxiety or depression (e.g., benzodiazepines (Barbone
t al., 1998; Drummer et al., 2004; Movig et al., 2004; Mura et al.,
003; Ray et al., 1992; Thomas, 1998; Verster and Volkerts, 2004;
alsh et al., 2004) and anti-depressants (Mura et al., 2003; Sagberg,

006; Walsh et al., 2004)), allergies (e.g., sleep-inducing antihis-
amines (Finkle et al., 2002)), and pain (e.g., opiates (Drummer et
l., 2004; Leveille et al., 1994; Movig et al., 2004; Walsh et al., 2004))
ave been implicated in increasing MVC risk. A recently published
orwegian cohort study examined the risk of road accidents asso-
iated with prescribed medications using three population-based
egistries (Engeland et al., 2007). Risk of an injury-producing MVC
as significantly increased for drivers who were prescribed opiates

nd benzodiazepines.
Our study is the first to investigate prescribed medications and

atal motor vehicle crash risk in a large population of active duty
.S. military service members. Active duty personnel generally seek
ealth care through the military health system, a single managed
are system that captures all patient encounters electronically,
ncluding prescribed and dispensed medications. Using available
lectronic data, we evaluated selected prescription medications as
redictors of fatal MVC in this occupational group.

. Materials and methods

.1. Data sources

We used a case–control study design to investigate the asso-
iation between selected categories of prescription medications
nd fatal MVC in a population of active duty military personnel
ased on electronic data from the following sources: the DoD Med-

cal Mortality Registry maintained by the Armed Forces Institute
f Pathology, Rockville, Maryland, to ascertain deaths; the Con-
ingency Tracking System maintained by the Defense Manpower
ata Center, Seaside, California, for dates of deployment; and the
ilitary Health System Data Management Analysis and Report-

ng Tool (M2) maintained by TRICARE Management Activity. M2
erved as our integrated information source on health care eli-
ibility, pharmacy transactions, and medical encounters, and its
omponents include the Defense Enrollment Eligibility Reporting
ystem (DEERS), Pharmacy Data Transaction Service (PDTS), Stan-
ard Ambulatory Data Record (SADR), Standard Inpatient Data
ecord (SIDR), and Health Care Service Record (HCSR) for care
btained outside the military health system but subsidized by DoD.
he common matching variable used across all data systems was
ocial Security number (SSN). These data systems are regularly
aintained and updated, making the probability of a false match

ery low.

.2. Case identification

A case was defined as an active duty U.S. military service mem-
er who died as a result of a MVC occurring outside the Theater
f Operations for the conflicts in Iraq and Afghanistan between fis-
al years (FYs) 2002 and 2006 (October 1, 2001, to September 30,
006). Cases were limited to drivers of privately owned motor vehi-
les on public roads, including motorcycles. We restricted our study
utcome to MVC fatalities because non-fatal MVCs resulting in a

ealth encounter were incompletely cause-coded for the period of
ur study. To ensure that automated prescription medication data
ould potentially be available for analysis, cases must have been

ligible for military health care benefits by enrollment in DEERS.
eserve and National Guard members were not included in this
d Prevention 42 (2010) 261–268

study since they generally obtain health care outside the military
health system when not on activated status.

A total of 1262 MVC deaths were identified through the DoD
Medical Mortality Registry. Cause of death was based on the
“underlying cause” field, derived from death certificates, medi-
cal records, autopsy reports, police reports, and/or investigative
reports. Since the Registry captures all active duty deaths through
direct connection with the Defense Casualty Information Pro-
cessing System, death ascertainment for our active duty study
population was considered to be complete and include accurate
cause-of-death information.

Deaths due to MVC identified by the Medical Mortality Reg-
istry were linked to M2 data files using SSNs, with an exact match
required. Enrollment in DEERS established military health care
eligibility and, therefore, the potential for electronic prescription
medication records. Decedents’ SSNs were initially matched to
DEERS data using the last month of each fiscal year because of
the routine database archiving procedure that applied in FY 2002
(only the last month was accessible for FY 2002). Among the
1262 registry-based deaths, 824 were identified in DEERS. Of the
remaining 438 MVC deaths, 204 were Reserve/Guard members and,
therefore, excluded. Further examination of M2 files resulted in
168 additional deaths meeting the case definition based on the
following circumstances: decedent was not in DEERS during the
last month of FY 2002 because death occurred in the preceding
11 months, but medical encounter records were identified indi-
cating health care eligibility; or DEERS enrollment and death both
occurred during the first eleven months of any one fiscal year
between 2003 and 2006. From the total of 992 cases meeting
the case definition, 30 were subsequently excluded due to miss-
ing deployment end dates. Therefore, our final analysis data set
included 962 fatal MVC cases. Fig. 1 illustrates the process of gen-
erating the case group.

2.3. Control selection

Our pool of potential controls consisted of active duty U.S. mil-
itary personnel enrolled in DEERS between October 1, 2001, and
September 30, 2006, and presumed alive as of September 30, 2006
(Fig. 1). M2 eligibility data (DEERS) were used to identify poten-
tial controls, whose SSNs were then matched to Medical Mortality
Registry data to exclude decedents. From this pool (n = 2,185,122),
controls were matched to cases by DEERS enrollment at the end of
the FY of index case death and comparable observation time out-
side deployment periods and then randomly selected in a 3:1 ratio.
The final study population thus consisted of 962 cases and 2886
controls.

Both DEERS enrollment and deployment start and end dates
were used to establish observation periods for purposes of
case–control matching. For all cases, we initially selected 120 days
of observation time prior to the occurrence of a fatal MVC in
order to allow a reasonable time interval for exposure to dispensed
prescription medications and to also maximize our potential for
stratification by possible medication exposure windows. We cen-
sored observation periods for controls to make them similar in
length to matched index cases. Strict attention was paid to compa-
rable health care eligibility periods falling outside deployments in
order to ensure equal opportunity for controls to become a case, as
well as for prescribed medications to be captured in the pharmacy
database.
2.4. Primary predictor variables

Our primary predictor variables were medications dispensed
within the military health system and captured in the automated
PDTS database, which does not typically include prescriptions
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Fig. 1. Identification of fatal motor vehicle crash (MVC) cases and selection

ispensed during deployment. Each of the selected prescription
edications was associated with MVC in the published literature

nd was initially grouped according to therapeutic purpose (anti-
istamines; analgesics and antipyretics; psychotherapeutic agents;
nticonvulsants; and anxiolytics, sedatives, and hypnotics) and/or
otential for side effects (barbiturates, benzodiazepines, opiate

ntagonists, serotonin agonists, and amphetamines). The variables
or each medication category were dichotomized (‘yes’/‘no’), and
e assumed that medications appearing in PDTS were consumed
uring associated medication exposure windows. Medications
ispensed prior to the exposure window but in amounts that pre-
ched controls among active duty military service members, FY 2002–2006.

supposed usage within that given time interval were also included.
We explored three medication exposure windows: 0–14, 0–30, and
0–120 days. For cases, we examined selected medications captured
in PDTS over these medication exposure windows up to the time
of death. For matched controls, we examined PDTS medications
over a comparable time period ending in the same fiscal year as the

index case death. We conducted detailed exploratory analyses for
each of the selected medication subcategories. Preliminary results
directed additional analyses and, for multivariable modeling, col-
lapsing of some groups and exclusion of others due to small cell
sizes.
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Table 1
Demographic and military characteristics for active duty fatal motor vehicle crash
casesa and controls, fiscal year 2002–2006.

Characteristics Cases Controls

n = 962 % n = 2886 %

Gender
Men 897 93.2 2420 83.9
Women 65 6.8 466 16.2

Age group based on quartiles
≤20 208 21.6 1062 36.8
21–22 208 21.6 670 23.2
23–26 235 24.4 625 21.7
≥27 310 32.2 529 18.3
Missing 1 0.1

Race
White 638 66.3 2093 72.5
Black 224 23.3 440 15.3
Otherb 91 9.5 251 8.7
Unknown/missing 9 0.9 102 3.5

Marital status
Currently single 583 60.6 2101 72.8
Currently married 322 33.5 757 26.2
Unknown/missing 57 5.9 28 1.0

Branch of service
Army 338 35.1 1199 41.6
Navy 237 24.6 616 21.3
Air Force 206 21.4 630 21.8
Marine Corps 181 18.8 441 15.3

Rank
Enlisted 893 92.8 2567 89.0
Officer 63 6.6 246 8.5
Cadet 6 0.6 73 2.5

Deploymentc

No 613 63.7 1553 53.8
Yes 349 36.3 1333 46.2

a Cases are active duty driver deaths with a motor vehicle crash underlying cause
64 T.I. Hooper et al. / Accident Analy

.5. Covariates of interest

Several known risk factors for MVC and potential confounders
ere considered for inclusion in a multivariable model. These

ovariates included demographic and military service character-
stics, selected medical co-morbidities, including prior MVC injury.
emographic and military service characteristics were obtained

rom DEERS at the time study eligibility was established and
ncluded the following variables: gender (male, female), age (based
n quartiles: ≤20, 21–22, 23–26, ≥27 years), race (White, Black,
ther), and marital status (currently single, currently married). Data
n ethnicity were incomplete and therefore not considered. Mili-
ary service characteristics included branch of service (Army, Navy,
ir Force, Marine Corps) and rank (enlisted, officer, cadet). Data
n deployment start and end dates (more than one deployment
ossible) within the study period were used to assess available
bservation time for cases and controls; the deployment variable
as dichotomized as ‘yes’/‘no’ up to the time of index case death

for cases and matched controls). For fatal MVC cases missing
emographic information in DEERS, we used data from the Medical
ortality Registry.
Medical co-morbidities were based on any primary or secondary

iagnoses, using International Classification of Diseases, 9th Revi-
ion, Clinical Modification (ICD-9-CM) codes, in medical encounter
atabases (SIDR, SADR, and HCSR) within the M2 system between
Y 2002 and 2006, prior to the time of index case death (for cases
nd matched controls). We examined the following co-morbidities,
elected a priori: organic sleep disorders; asthma; substance abuse;
ther mental disorders, excluding mental retardation; aneurysms;
mbolisms; diabetes mellitus; epilepsy and recurrent seizures;
igraine; cataplexy and narcolepsy; ischemic heart disease; other

orms of heart disease; diseases of the musculoskeletal system and
onnective tissue; and prior MVC injury. Prior MVC injury was
efined as a medical encounter for non-fatal MVC for cases and
ontrols based on ICD-9-CM injury codes combined with relevant
ATO Standardization Agreement (STANAG) codes and/or External
ause Codes (E-Codes) related to MVC. Any medical encounter for
VC injury within 10 days of death was considered part of the fatal

vent.

.6. Statistical analyses

Following data cleaning and validation procedures (including
emoval of any duplicate records), we performed univariate and
ivariate analyses and calculated conditional crude odds ratios and
5% confidence intervals for our primary predictor variables and
ovariates of interest. We used conditional logistic regression in
rder to make comparisons of exposure to prescribed medications
ithin matched sets of cases and controls. Our approach to multi-

ariate modeling was a backwards stepwise elimination procedure
esulting in a final reduced model to assess prescribed medications
s independent predictors of fatal MVC, while adjusting for all other
ariables in the model. All analyses were performed using SAS V 9.1
2004).

The study protocol was reviewed and approved by the Institu-
ional Review Boards at the Uniformed Services University of the
ealth Sciences, the Centers for Disease Control and Prevention,

he Armed Forces Institute of Pathology, and the TRICARE Manage-
ent Activity, Office of the Assistant Secretary of Defense (Health
ffairs).
. Results

Table 1 presents a distribution of demographic and military ser-
ice characteristics for our study population by case–control status.
ases were more likely to be men, in the oldest age quartile, cate-
in Department of Defense Medical Mortality Registry.
b Includes American Indian/Alaskan Native, Asian or Pacific Islander, and Hispanic.
c Iraq and Afghanistan Theater of Operations.

gorized as Black race, married, enlisted, and not have a history of
deployment to Iraq and Afghanistan. The 30 cases excluded from
this study because of missing deployment end dates were dissim-
ilar to remaining eligible cases in several ways: more likely to be
younger (<21 years: 43.3% vs. 33.5%), single (70% vs. 61%), and in
the Navy (36.7% vs. 24.6%).

The frequency distribution of selected prescription medication
groups was examined as cumulative totals within three possible
medication exposure windows, 0–14, 0–30, and 0–120 days (data
not shown). The greatest proportion of individuals by case–control
status with records of prescribed medication were in the cate-
gories of analgesics and antipyretics (24.0% of cases vs. 15.1% of
controls), which included non-steroidal anti-inflammatory drugs
(NSAIDs) and opiate agonists, and antihistamines (7.0% of cases vs.
3.9% of controls). Other sub-categories of interest included benzo-
diazepines (1.7% of cases vs. 0.3% of controls) and antidepressants
(3.9% of cases vs. 0.5% of controls). Individuals could be counted in
more than one medication category within the 120-day exposure
window. Overall, 281 of 962 cases (29.2%) had a medication pre-
scribed in one or more of the initially selected categories compared
with 482 of 2886 controls (16.7%).

Preliminary results led to adjustments to initial medication
groups. Several categories (amphetamines, opiate antagonists, and

serotonin agonists) were excluded due to small cell sizes. For
antihistamines and NSAIDs, although bivariate analysis resulted
in crude odds ratios that were statistically significantly elevated
(odds ratio [OR] = 1.57, 95% confidence interval [CI]: 1.03, 2.38, for
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Table 2
Number of cases and controls with selected co-morbid medical conditionsa within the study period, fiscal year 2002–2006.

Medical condition (ICD-9-CM) Cases n = 962 Controls n = 2886

n % n %

Asthma (ICD-9-CM: 493) 19 2.0 13 0.5
Sleep Disorders (ICD-9-CM: 327) 1 0.1 0 0.0
Substance Abuse (ICD-9: 291, 292, 303, 304, 305.2–305.9) 92 9.6 42 1.5
Other Mental Disorders Excluding Mental Retardation (ICD-9-CM: 290, 293–302, 306–316) 94 9.8 53 1.8
Aneurysm (ICD-9-CM: 441–442) 3 0.3 0 0.0
Embolism (ICD-9-CM: 444–445) 3 0.3 0 0.0
Diabetes (ICD-9-CM: 250) 4 0.4 3 0.1
Epilepsy (ICD-9-CM: 345) 6 0.6 1 0.0
Narcolepsy (ICD-9-CM: 347) 0 0.0 0 0.0
Migraines (ICD-9-CM: 346) 17 1.8 9 0.3
Ischemic Heart Disease (ICD-9-CM: 410–414) 5 0.5 0 0.0
Other Forms of Heart Disease Excluding Cardiac Arrest (ICD-9-CM: 420–429) 47 4.9 7 0.2
Musculoskeletal Diseases (ICD-9-CM: 710–739) 379 39.4 314 10.9
Prior MVC Injury 27 2.8 5 0.2
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CD-9-CM: International Classification of Diseases, 9th Revision, Clinical Modificatio
a Personnel could be counted in more than one co-morbid medical condition cate

ntihistamines and OR = 1.43, 95% CI: 1.10, 1.87, for NSAIDs), no
urther analyses were conducted due to the expectation that PDTS
ata would provide an incomplete picture due to over-the-counter
edication use. The following medication groups were considered

or multivariable modeling: benzodiazepines, antidepressants, and
piate agonists. With respect to medication exposure intervals, we
elected the 0–30 day window because adequate numbers were
vailable for the assessment of potential short-term medication
ffects.

The co-morbidities presented in Table 2 were disproportion-
tely distributed among cases compared with controls. Of the 962
ases, 469 (48.8%) had a history of one or more of the selected co-
orbid conditions compared with only 366 out of 2886 controls

12.7%). After examining cell sizes, we retained for further analyses
nly substance abuse, other mental disorders, and musculoskeletal
iseases, as well as prior MVC injury because of its importance as a
redictor in previous studies.

Table 3 presents the results of conditional logistic regression
or our reduced set of explanatory variables. Unadjusted measures
uggest that cases were statistically significantly more likely than
ontrols to be men (crude OR = 2.67, 95% CI: 2.04, 3.51), Black ver-
us White race (crude OR = 1.67, 95% CI: 1.39, 2.02), Navy (crude
R = 1.38, 95% CI: 1.13, 1.68) or Marine Corps (crude OR = 1.48, 95%
I: 1.19, 1.83) versus Army, and enlisted (crude OR = 1.38, 95% CI:
.03, 1.84) versus officer. Cases were significantly less likely to
e single versus married (crude OR = 0.58, 95% CI: 0.49, 0.69), in
ounger age quartiles (≤20 years: crude OR = 0.32, 95% CI: 0.25,
.39; 21–22 years: crude OR = 0.51, 95% CI: 0.41, 0.63; 23–26 years:
rude OR = 0.62, 95% CI: 0.50, 0.77) versus the oldest quartile (≥27
ears), and deployed (one or more times) during the study period
crude OR = 0.67, 95% CI: 0.58, 0.78).

Table 3 also shows that cases were statistically significantly
ore likely to have had a prescription for antidepressants (crude
R = 12.00, 95% CI: 4.91, 29.36), opiate agonists (crude OR = 1.62,
5% CI: 1.07, 2.46), or benzodiazepines (crude OR = 7.80, 95% CI:
.78, 21.88), dispensed within a 30-day window, and a medical
ncounter with a diagnosis of substance abuse (crude OR = 7.37,
5% CI: 5.01, 10.85), other mental disorders (crude OR = 5.70, 95%
I: 4.02, 8.08), musculoskeletal diseases (crude OR = 5.69, 95% CI:
.70, 6.88), and/or injury due to prior MVC (crude OR = 16.20, 95%

I: 6.24, 42.17).

Multivariable conditional logistic regression resulted in a more
arsimonious model in which opiate agonists and benzodiazepines,
s well as the marital status variable, were found not to be
ignificant and removed. Antidepressant medication remained sta-
tistically significantly associated with fatal MVC, after adjustment
for all other variables in the model (adjusted OR = 3.19, 95% CI: 1.01,
10.07). Age, history of deployment(s), gender, and race were also
independent predictors of fatal MVC, with direction and magnitude
of effect similar to crude associations. All co-morbidities retained
in the multivariable model emerged as strong independent predic-
tors. Cases were found to be statistically more likely to have a prior
diagnosis of substance abuse (adjusted OR = 4.25, 95% CI: 2.57, 7.03),
other mental disorders (adjusted OR = 2.28, 95% CI: 1.41, 3.70), dis-
eases of the musculoskeletal system (adjusted OR = 4.66, 95% CI:
3.68, 5.90), and/or injury due to a prior MVC (adjusted OR = 9.34,
95% CI: 2.86, 30.53).

4. Discussion

4.1. Main findings

Our population-based study examined the association between
MVCs and dispensed prescription medications in active duty
service members over a five-year study period using available elec-
tronic databases. Among the medication groups analyzed, only one,
antidepressant medication, remained significantly associated with
fatal MVC after adjustment for covariates. This finding should be
considered preliminary due to data limitations. Additionally, since
fatal MVC is a rare event, small numbers precluded analysis of sev-
eral medication categories of interest, as well as variables related to
dosage, timing, and multi-drug use. Multi-drug use has frequently
been detected among drivers suspected of driving under the influ-
ence of drugs (Weiler et al., 2000), and the combination of alcohol
and drugs or use of multiple drugs increases MVC risk (CDC, 2006;
Christophersen and Morland, 1997; Kelly et al., 2004; Movig et
al., 2004). Also of note are the elevated adjusted odds ratios for
co-morbid conditions, specifically substance abuse, other mental
disorders, and musculoskeletal diseases. Further investigation of
interaction between these co-morbidities and specific medications
prescribed to treat them would be informative.

Consistent with previous studies in military populations, we
found that enlisted males are at increased risk of MVC (Bell et al.,
2000; Hooper et al., 2005; Krull et al., 2004). However, an unex-
pected finding was that individuals in younger age quartiles were

less likely to be involved in a fatal MVC compared with those in the
oldest quartile (in this population, ≥27 years). The reduced odds of
being in younger age categories was also consistent with the unad-
justed reduced odds of “currently single” marital status for MVC
cases.
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Table 3
Crude and adjusted odds ratios and 95% confidence intervals of selected characteristics for matched MVC casesa and controls, fiscal year 2002–2006.

Characteristics Crude Adjusted

Odds ratio 95% Confidence interval Odds ratio 95% Confidence interval

Demographic and military characteristics
Gender

Men 2.67 2.04, 3.51 3.81 2.70, 5.38
Women ref ref

Age group based on quartiles
≤20 0.32 0.25, 0.39 0.31 0.23, 0.41
21–22 0.51 0.41, 0.63 0.48 0.36, 0.63
23–26 0.62 0.50, 0.77 0.58 0.44, 0.76
27+ ref ref
Missing

Race
White ref ref
Black 1.67 1.39, 2.02 1.87 1.48, 2.37
Otherb 1.19 0.92, 1.54 1.42 1.04, 1.96
Unknown/missing

Marital status
Currently single 0.58 0.49, 0.69
Currently married ref
Unknown/missing

Branch of service
Army ref ref
Navy 1.38 1.13, 1.68 1.45 1.13, 1.85
Air Force 1.16 0.95, 1.41 1.13 0.87, 1.47
Marine Corps 1.48 1.19, 1.83 2.02 1.53, 2.66

Rank
Enlisted 1.38 1.03, 1.84 1.67 1.15, 2.43
Officer ref ref
Cadet 0.32 0.14, 0.78 0.97 0.31, 3.04

Deploymentc

No ref ref
Yes 0.67 0.58, 0.78 0.53 0.44, 0.64

Primary variables of interest
Medication dispensed within 30 days

Antidepressants 12.00 4.91, 29.36 3.19 1.01, 10.07
Opiates agonists 1.62 1.07, 2.46
Benzodiazepinesd 7.80 2.78, 21.88

Selected co-morbidities
Substance Abuse (ICD-9: 291, 292, 303, 304, 305.2–305.9) 7.37 5.01, 10.85 4.25 2.57, 7.03
Other Mental Disorder (ICD-9: 290, 293–302, 306–316) 5.70 4.02, 8.08 2.28 1.41, 3.70
Musculoskeletal Disease (ICD-9: 710–739) 5.69 4.70, 6.88 4.66 3.68, 5.90
Prior MVC Injury 16.20 6.24, 42.17 9.34 2.86, 30.53

ICD-9: International Classification of Disease, 9th Revision; MVC: motor vehicle crashes.
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Cases are active duty driver deaths with a motor vehicle crash underlying cause
b Includes American Indian/Alaskan Native, Asian or Pacific Islander, and Hispani
c Iraq and Afghanistan Theater of Operations.
d Benzodiazepines include anticonvulsants and anxiolytics/hypnotics and sedativ

In addition to younger age, deployment was associated with a
educed risk of fatal MVC, and this finding is not consistent with
revious studies in military and veteran populations (Hooper et al.,
005, 2006; Kang and Bullman, 2001). One possible explanation
or the apparent protective effect of both younger age and deploy-

ent is that the majority of new military accessions are in the
oungest age categories, and these individuals have a high likeli-
ood of deployment immediately following training and, therefore,
educed risk of MVC as defined in this study (outside theater of
perations). Furthermore, deployments of long duration and often
ack-to-back, multiple deployments associated with the wars in

raq and Afghanistan might also result in less opportunity to drive

ehicles. It is also possible that the greatest risk takers or those
n high-risk occupations were in the youngest age categories and
isproportionately represented among those severely injured in
ombat or MVCs in theater, and, therefore, not at risk of MVC after
eturn from deployment.
e Department of Defense Medical Mortality Registry.

On the other hand, it is possible that older individuals (≥27 cat-
egory included 27–54 years) with co-morbid conditions, who were
less likely to be deployed, were more likely to die from a crash once
it occurred compared with younger individuals with better over-
all health and fitness levels (Tavris et al., 2001). It should be noted
that a larger proportion (50%) of the 30 excluded cases with miss-
ing deployment end dates were in the youngest age category (<21
years) compared with cases that were retained. One final consider-
ation is that the collective effect of DoD safety and injury prevention
initiatives in response to the previously identified post-deployment
increase in fatal MVC risk is beginning to show positive results
among those at highest risk (young males).
4.2. Study strengths and limitations

A number of study limitations, some previously discussed,
should be mentioned. Small numbers did not allow stratified anal-
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ses by dosage, duration of use, or other variables of interest.
oreover, the fact that prescription medications were dispensed

oes not guarantee consumption by the patient at therapeutic lev-
ls and within the putative exposure window. There was also no
bility to capture information on medications acquired outside the
ilitary health system (over-the-counter or through other health

ystems). Some medication groups would be more subject to this
ias, such as antihistamines and NSAIDs, which were excluded from
he final analysis for this reason.

Using the Medical Mortality Registry, complete mortality ascer-
ainment could only be assured for active duty personnel, thereby
estricting this study to the active duty component of the military.
owever, a previous study in Gulf War era veterans reported that
eserve/National Guard status was not an independent predictor
f fatal MVC (Hooper et al., 2006). Another limitation is that the
ource population for potential controls did not include individu-
ls enrolled in DEERS in FY 2002 if they were not enrolled through
he final month or those enrolled and disenrolled within any sub-
equent fiscal year prior to the final month, which differed from
he process applied to identification of cases. Finally, we could not
ccount for other influential predictors of MVC, such as actual miles
riven, vehicle type, crash circumstances, or risk taking behaviors
e.g., alcohol use, speeding), some of which affect survivability once
crash has occurred.

Despite these limitations, our population-based study con-
ributes to a better understanding of the multiple factors
nfluencing this ongoing public health problem by investigating
rescribed medications and co-morbid medical conditions in addi-
ion to other previously studied predictor variables. Our study
opulation was a large U.S. occupational cohort, not limited geo-
raphically (e.g., regional trauma center or State) or restricted to a
arrowly defined driver subset (e.g., teen drivers or elderly drivers).
he Medical Mortality Registry provided complete and reliable
eath ascertainment for active duty military members, and the M2

ntegrated health system captured data on prescribed medications,
s well as co-morbidities from both inpatient and outpatient med-
cal encounters paid for by DoD. Active duty military personnel
se the military health system for most of their health care needs,

ncluding prescription medications.

. Conclusion

In conclusion, our preliminary findings suggest a need to fur-
her investigate MVC risks associated with prescription medication
se because of the potential for increased crash risk due to ther-
peutic and/or side effects of certain medication groups. If our
bservation of an association between antidepressant medication
nd fatal MVC is supported by additional research, implications
ight include greater attention to proper prescribing practices for

ffective treatment of mood disorders (to prevent unintentional
r intentional injury involving motor vehicles), closer monitor-
ng of therapeutic or side effects that might affect driving ability
n high risk groups, or clinical assessment of the existence of co-

orbid conditions with potential for multiple drug interactions
r the combined effects of alcohol, illicit drugs, and prescribed or
ver-the-counter medications that could increase MVC risk. Our
pecific recommendations for future research include assessment
f non-fatal MVC data. Larger numbers may make subgroup analy-
es and investigation of interactions possible. Current DoD efforts to
mprove data collection and cause-coding should make such future

nalyses possible. A cohort study over a longer period of observa-
ion may highlight time trends superimposed on interventions or
olicy changes. Future research exploring causal pathways, that is,
ow symptoms, various coping mechanisms, or medication effects
lone or in combination influence MVC risk, could inform targeted
Prevention 42 (2010) 261–268 267

prevention strategies. Moreover, assessment of medication pre-
scribing patterns for alcohol dependence or other substance abuse
disorders may further efforts to promulgate evidence-based treat-
ment guidelines with the potential added benefit of reducing MVC
risk. Finally, groups at high risk for MVC may change over time,
supporting the need for continued surveillance.
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