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ABSTRACT Traumatic brain injury (TBI) has cmerged as a preeminent injury in Iraq and Afghanistan. The rela-
tionship between TBI and post-injury alcohol use in military personnel has not been clearly defined. The aim of this
study was to examine the prevalence of alcohol abuse disorders among combat-injured service members with mild TBI
(MTBI). Male U.S. service members with combat injurics were identified from the Expeditionary Medical Encounter
Database (n = 3,123). Diagnoses of alcohol abuse disorders were collected from the standard inpatient and ambulatory
data records. Overall, a slightly higher proportion of service members with MTBI were diagnosed with an alcohol abuse
disorder compared to those with other injury (6.1% vs. 4.9%). In a multivariate analysis, however, it was found that MTBI
was not associated with higher levels of alcohol abuse (odds ratio, 1.24; 95% confidence interval, 0.90, 1.70). To better
define the consequences of MTBI, future research should include other alcohol dependency measures along with comor-

bid mental health disorders.

INTRODUCTION

Traumatic brain injury (TBI) has emerged as a preeminent
injury in Iraq and Afghanistan, where a significantly higher
percentage of head, neck, and face wounds have been observed
than in previous wars.' * A recent study of the current conflicts

in Iraq and Afghanistan has demonstrated that nearly 70% of

wounded service members were injured in a blast.* The emer-
gence of novel blast mechanisms, such as improvised explo-
sive devices, has contributed to the increase in injuries,' as have
advancements in personal protective equipment (e.g., Kevlar
helmets) and battlefield medical care, which have rendered the
previously fatal wounds survivable.>® At Walter Reed Medical
Center, these blast injuries are significant, with over half the
patients being diagnosed with a TBL7 This increased surviv-
ability has led to a heightened focus on the physical, psy-
chological, and behavioral consequences ol battleficld TBI,
particularly mild TBI (MTBI).

The relationship between TBI and post-injury alcohol use
in civilians and military personnel has not been clearly defined.
In civilians with TBI, alcohol use before injury (or intoxica-
tion at the time of injury) is common,*!! but appears to decline
after injury. This change in behavior among civilians may be
due to the identification of alcohol use as a problem.'?'* In
contrast to civilians, combat-related TBIs among military per-
sonnel do not occur in conjunction with alcohol intoxication at
the time of injury; alcohol is heavily regulated and not readily
available in military combat zones. However, alcohol abuse is
prevalent following a combat deployment and is a significant
contributor to morbidity in the U.S. military.'¢-"*
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A recent survey providing baseline level of alcohol use in
military personnel found that 1 in 5 service members were
heavy drinkers."” Alcohol abuse is a behavior-related prob-
lem with psychiatric and post-operative morbidities,?%
and the prevalence of alcoho! abuse following MTBI is
unclear,®¥ 14232 [ imitations of previous research on the MTBI
and alcohol abuse relationship include the lack of an injured
control group and the use of self-report measures, 21319232326
Self-report estimates of alcohol abuse range from 10% to
32% in post-injury samples.'*'*%2* The aim of the present
study was to compare the prevalence of clinically diagnosed,
post-injury alcohol abuse disorders among service members
with MTBI and other injuries using health care utilization
data.

METHODS

Study Sample

The study sample was identified from the U.S. Expeditionary
Medical Encounter Database (EMED), formerly known as the
Navy—Marine Corps Combat Trauma Registry. The EMED, a
deployment hcalth database maintained by the Naval Health
Research Center, San Diego, California, consists of docu-
mented clinical encounters of service members deployed in
support of Operations Enduring and Iraqi Freedom.' In this
study, the sample consisted of U.S. Navy, Marine Corps, and
Army personnel who were treated for combat injuries at for-
ward-deployed medical treatment facilities (i.c., those in the
combat zone and nearest to the point of injury). We queried
for U.S. military personnel injured from March 2004 to June
2007 in the EMED, which yiclded 7,247 wounded service
members. We excluded patients with non—combat-related
injuries (N = 2,895), multiple injury events (N = 267), non-
blast injuries (N = 794), alcohol abuse disorders before injury
(N = 118), and females (N = 50).
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Alcohol Abuse and MTBI

Measures

Combat injurics (any injury that resulted from hostile action)
were classified with a thorough review of EMED records by
the clinical rescarch staff. The mechanisms of injury were
limited to blasts. Injury severity was calculated using the
injury severity score (ISS) for each patient in the EMED.”
Only those with an ISS of 1 to 8 were included in the present
analysis and categorized as minor (ISS 1-3) or moderate (ISS
4-8). TBI, the exposure of interest, was defined according
to the criteria established by the Centers for Diseasc Control
and Prevention, as indicated by any one of the lollowing
International Classification of Diseases 9th Revision, Clinical
Modification (ICD-9-CM) codes from EMED rccords: 800.0
to 801.9, 803.0 to 804.9, or 850.0 to 854.1.%

Inpatient and outpaticnt alcohol abuse diagnoses were
obtained from medical records managed by the Office of the
Secretary of Defense, Health Affairs, TRICARE Management
Activity (i.c., Standard Inpatient Data Record and Standard
Ambulatory Data Record). Diagnoses were coded by creden-
tialed providers at military treatment facilitics and federally
reimbursed private clinics using ICD-9-CM codes.? Table 1
shows the ICD-9-CM codes used for identifying patients with
alcohol abuse diagnoses. Alcohol-related diagnoscs were col-
lected for 2 years of follow-up from the date of injury. Mental
health diagnoscs before injury, ICD-9-CM codes 290 to 316,
excluding 305.1, were also abstracted from standard inpatient
data and standard ambulatory data records.

Deployment data were obtained from the Defense
Manpower Data Center to determine the education and mar-

TABLE I.  Frequency of Alcohol Abuse Diagnoscs Among 3,123
Male Service Members with Blast-related Combat Injury

ICD-9-CM MTBI Control
Diagnoses Alcohol Use Description  (n=1,413) (n=1,710)
291.0 Alcohol Intoxication and 1
Withdrawal Delirium
291.1 Alcohol-induced Persisting
Amnestic Disorder
291.2 Alcohol-induced Persisting
Dementia
291.3 Alcohol-induced Psychotic
Disorder, With
Hallucinations
291.5 Alcohol-induced Psychotic
Disorder, With Delusions
291.81 Alcohol Withdrawal 2 |
291.89 Alcohol-induced Sleep 1
Disorder
291.9 Alcohol-related Disorder 2 2
not otherwise specified
303.00-303.02 Alcohol Dependence 4 5
Syndrome
303.90-303.92 Other and Unspecified 35 34
Alcohol Dependence
305.00-305.02  Alcohol Abuse 58 58
Total Alcohol-related Diagnoses 102 101
Total Patients (%) With Alcohol Diagnosis 86 (6.1) 84 (4.9)

148

ital status of cach service member during the deployment
that resulted in injury. Age, military rank, and scrvice were
extracted from the EMED clinical record. Rank was catego-
rized as junior enlisted (E1-E3), enlisted (E4-E5), or scnior
enlisted/warrant officer/officer (E6-E9, W1-W4, or O1-06).

Statistical Analysis

Tests were 2-tailed and p < 0.05 was used to determine statis-
tical significance. Multivariate analysis was conducted using
logistic regression. Covariates with a p < 0.10 were assessed
for confounding using a 10% variation in the crude odds ratio
(OR). The Hosmer—Lemeshow test was used to assess good-
ness of fit of the final logistic model. All statistical analyses
were performed using SPSS software, version 16.0 (SPSS,
Chicago, lliinois).

RESULTS

The study sample consisted of 3,123 U.S. service members
from 2004 to 2007 with blast-induced mild-to-moderate inju-
rics. Of these, 1,413 (45.2%) had MTBI and 1,710 (54.8%)
had other combat injuries. Over 6% (n = 86) of service mem-
bers with MTBI were diagnosed with a post-deployment alco-
hol abuse disorder compared with only 4.9% (n = 84) in the
other injury group (Table I).

Median age was 22.6 years and ranged from 18 to 58 years.
Table II shows that a higher proportion of service members
with MTBI were Marines (x* = 51.02, degree of freedom
(dfy = 2, p < 0.001) and were junior enlisted (¥* = 35.49,
dff = 2, p < 0.001) than those with other injuries. A signili-
cantly higher proportion of those with MTBI had an ISS of
4 to 8 compared with the other injured service members
(x* =179.96, df = 1, p < 0.001). Conversely, patients without
MTBI had a higher level of education in relation to those with
MTBI (%*=6.97, df =2, p = 0.02).

Mental health diagnosis before injury and marital status did
not meet our criteria for confounding and therefore were not
included in the multivariable analyses. In multivariate analy-
scs, it was found that the odds ol alcohol abuse among service
members with combat-related MTBI were higher than those
with other combat-related injurics, but the relationship was
not statistically significant (Table III). There was an associa-
tion, however, between alcohol abuse diagnosis and age at the
time of injury. Service members aged 22 to 24 years and 25
years and older had significantly lower odds ol alcohol abuse
diagnosis compared with 18-year olds to 21-ycar olds (OR,
0.60; 95% confidence interval [CI], 0.42, 0.86 and OR, 0.34,
95% CI, 0.23, 0.52, respectively). The Hosmer-Lemeshow
test indicated that the model was a good fit (p = 0.87).

DISCUSSION

TBI is an emerging health problem among service members
returning from deployment and is associated with a widc array
ol adverse outcomes. Our findings indicate, however, that
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TABLE ll.  Distribution of Sample Characteristics Among 3,123
Male Service Members with Blast-related Combat Injury
MTBI Control
Variables (n=1413) (n=1,710)  p Value
Age (years), no, (%) 0.02
18-21 372 (26.3) 426 (24.9)
22-24 555 (39.3) 613 (35.8)
275 486 (34.4) 671 (39.2)
Branch of Service, no. (%) <0.001
Army 168 (11.9) 369 (21.6)
| Marine Corps 1,163 (82,3) 1,253 (713.3)
| Navy 82 (5.8) 88 (5.1)
Marital Status, no. (%) 0.81
Not Married 878 (62.1) 1,057 (61.8)
Married 483 (34.2) 592 (34.6)
Unknown 52 (3.7) 61 (3.0)
Rank, no. (%) <0.001
EI-H3 676 (47.8) 662 (38.7)
E4-H5 519 (36.7) 728 (42.6)
HEO6-Officers 145 (10.3) 258 (15.1)
Unknown 73 (5.2) 62 (3.6)
Level of Education, no. (%) 0.02
<High School 67 (4.9) 99 (5.8)
High School Graduate 1,181 (83.6) 1,400(81.9)
2Some College 76 (5.3) 128 (7.5)
Unknown 89 (6.3) 83 (4.9)
Mental Health Diagnosis 0.12
Before Injury, no. (%)
Yes 75(5.3) 68 (4.0)
No 1,338 (94.7) 1,642 (96.0)
Injury Severity, no. (%) <0.001
Moderate 475 (33.6) 334 (19.5)
Mild 938 (66.4) 1,376 (80.5)

combat-related MTBI is not associated with new-onset alco-
hol abuse disorders. To our knowledge, this is the first out-
come study to compare the prevalence of new-onset alcohol
abuse disorders among service members with combat-related
MTBI and other combat injurics.

Overall, the rate of alcohol abuse disorders in the sample
was approximately 5%. Two other comparable studies exam-
ining the rates of substance abuse disorders (alcohol and drug
abusc disorders) found similar results, with a prevalence of 5%
among a sample of veterans from Irag and Afghanistan™ and
4.1% among Operation Iraqi Freedom veterans with nonbattle
injuries.’ Self-report studies, however, have demonstrated a
prevalence of post-injury alcohol abuse ranging from 10% to

32%.'¥14224 A plausible justification for the low prevalence of

diagnosed alcohol abuse disorders in the present study could
be related to service members’ inability or reluctance to dis-
cuss thesc issues with medical professionals. Service mem-
bers may also seek professional assistance outside the military
health care system, and therefore, would not be captured in
health care—rclated military databascs.

The primary (inding of this study-—no association between
MTBI and subsequent diagnosis of alcohol abuse—was unex-
pected. It is possible that combat injury is a correlate of alcohol
abusc, but MTBI does not mediate the relationship. Another
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TABLE Ill.  Multivariable Analyses of Alcohol Abuse Among
3,123 Male Service Members with Blast-related Combat Injury

Crude OR Adjusted OR¢
Variables (95% CI) (95% CI)
Injury Type
MTBI 1.27 (0.93, 1.74) 1.24 (0.90, 1.70)
Other Minor Injury 1.00 1.00
Age (year)
225 0.34* (0.22, 0.52) 0.34* (0.23, 0.52)
22-24 0.60* (0.42, 0.80) 0.60* (0.42, 0.86)
18-21 1.00 1.00
Rank
| E6-Officers 0.21*(0.10, 0.47)
E4-ES 0.46* (0.33, 0.66)
KI1-E3 1.00
Branch of Service
Marine Corps 0.85 (0.57, 1.26)
Navy 0.78 (0.35, 1.73)
Army 1.00

Level of Education
<High School
High School Graduate
2Some College

Injury Severity
Moderate
Mild

4.97%(1.62, 15.27)
2,72 (0.99, 7.42)
1.00

1.28 (0.91, 1.81)
1.00

# < 0.05. “Rank, branch of service, level of education, and injury severity did
not mect the criteria for confounding and were not included in the multivari-
able model.

explanation for the null finding may be the length of follow-
up period. Some rescarch suggests that an increase in alco-
hol consumption emerges approximately 2 years after injury.*
Extending the follow-up period for alcohol abuse diagnosis
beyond 2 years in this sample, however, may obscure any
association with the injury event. The secondary finding of
younger service members being more likely to be diagnosed
with alcohol abuse disorder is confirmed by the literature illus-
trating influence of age on alcohol consumption.*

The primary strengths of this study were the large sample
size, the use of an injured control group, and the nature of
the military population that allowed for studying non-alcohol-
related TBI. The limitations of this study include the possible
underestimation of the incidences of mild injury and diagno-
sis of alcohol abuse. Service members with a mild injury who
do not seek medical attention were not included in this study.
This effect may be strongest in the MTBI group since service
members often fail to be examined following a blast exposure
when no physical signs of injury are present. In addition, it is
possible that not all service members are forthcoming regard-
ing habitual alcohol abuse during medical visits because of
perceived, negative career consequences. As such, alcohol
use following combat-related injury may be more prevalent
than indicated by this study and using self-report data could
improve the detection of alcohol abuse that otherwise clinical
diagnoscs would not capture.

Alcohol abuse negatively affects numerous military per-
sonnel and their families. Although the present study did not
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identify a statistical relationship between MTBI and subse-
quent alcohol abuse disorders, our findings indicate prevalence
of abuse may be slightly higher among those with mild brain
injury. These findings reiterate that alcohol abuse is a depen-
dency issue in the military community, including those who
return [rom deployment with combat injuries. Future research
should incorporate self-reported measures of alcohol depen-
dency to identify at-risk military populations who do not seck
medical attention, along with examining the impact comorbid
mental health disorders have as a consequence from MTBL
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