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ABSTRACT

Alcohol-related problems are reported by 5% to 12% of previously deployed US military
personnel (Jacobson et al., 2008). Over 300,000 diagnosed traumatic brain injuries (TBIs) have
been reported between 2000 and 2015 (Defense and Veterans Brain Injury Center, 2016). This
review summarizes and describes relevant scientific literature addressing alcohol use disorder
(AUD) after traumatic brain injury (TBI). Data from both civilian and military or veteran studies
are conflicting regarding the impact of TBI on subsequent risk of alcohol misuse or abuse,
although alcohol use is typically lower during the first year after injury than prior to injury
(Bombardier, Temkin, Machamer, & Dikmen, 2003; Dikmen, Machamer, Donovan, Winn, &
Temkin, 1995; Horner et al., 2005; Pagulayan, Temkin, Machamer, & Dikmen, 2016; Ponsford,
Whelan-Goodinson, & Bahar-Fuchs, 2007; Whelan-Goodinson, Ponsford, Johnston, & Grant,
2009). Among military and veteran populations, some studies suggest that the risk of AUD is
increased after military-related TBI (Johnson, Eick-Cost, Jeffries, Russell, & Otto, 2015; Miller
et al., 2013), although results are not consistent (Heltemes, Dougherty, MacGregor, &
Galarneau, 2011). Post-traumatic stress disorder (PTSD) and combat exposure are also
associated with alcohol misuse (Adams et al., 2016; Kelley et al., 2012; Polusny et al., 2011).
Alcohol misuse is associated with negative medical, employment, and social consequences,
regardless of TBI history (Adams, Larson, Corrigan, Ritter, & Williams, 2013; National Institute
of Alcohol Abuse and Alcoholism, 2016). In the existing literature, information on AUD history
or pre-injury alcohol use is often unavailable. Further research with appropriate control groups,
study designs that prevent data loss from attrition, detailed TBI and addiction disorder history,
larger sample sizes, and statistical adjustment for confounding factors will provide more
evidence regarding AUD after TBI.

INTRODUCTION

TBI is characterized by at least one of the following five clinical signs: decrease or loss
of consciousness (LOC), post-traumatic amnesia, alteration of consciousness or mental state,
neurological deficits, or intracranial lesion (Department of Veterans Affairs and Department of
Defense, 2016). The Department of Defense categorizes TBIs into mild, moderate, or severe
based on results from structural imaging (computed tomography), duration of loss of
consciousness (LOC), duration of alteration of consciousness (AOC), duration of post-traumatic
amnesia (PTA), and Glasgow Coma Scale (GCS) score (Assistant Secretary of Defense, 2015).
In published studies, TBI severity is often defined by one variable such as GCS or LOC without
regard to duration of PTA or structural findings. The vast majority of TBIs are mild (mTBI)
(Defense and Veterans Brain Injury Center, 2016; Faul, Xu, Wald, & Coronado, 2010).

Evidence suggests that alcohol can interfere with recovery from TBI (Corrigan & Cole,
2008; West, 2011). Alcohol can exacerbate the functional limitations and vestibular, somatic,
and behavioral/emotional symptoms experienced after TBI (West, 2011). Alcohol abuse or
alcohol-related index injury increase the risk of post-traumatic seizure by lowering the seizure
threshold and interfering with the action of anti-seizure medications (De Reuck, 2011; Vaaramo,
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Puljula, Tetri, Juvela, & Hillbom, 2014). With these risks, it is important to understand the
prevalence and risk factors for alcohol abuse and misuse after TBI.

Alcohol abuse and misuse are defined by the Diagnostic and Statistics Manuals (DSM)
published by the American Psychological Association. The current diagnostic criteria defined by
the 5™ edition (DSM-V) is different than the diagnostic criteria used in many of the studies here,
from the 4™ edition (DSM-1V) (American Psychiatric Association, 1994). The DSM-V defines
Alcohol Use Disorder (AUD) as the presence of two of 11 diagnostic criteria within a 12-month
period (shown below) (American Psychiatric Association, 2013). The main difference between
the two editions is that the 4™ edition defined two separate disorders, alcohol abuse and alcohol
dependence. Alcohol dependence was defined by criteria including tolerance and withdrawal,
while alcohol abuse was defined by similar, partially overlapping criteria that did not include
tolerance and withdrawal (American Psychiatric Association, 1994). For purposes of this review,
all alcohol-related diagnoses based on DSM-1V or DSM-V criteria are treated as
interchangeable.

DSM-V Criteria for Alcohol Use Disorder (AUD)

A problematic pattern of alcohol use leading to clinically significant impairment
or distress, as manifested by at least two of the following, occurring within a 12-
month period:

1. Alcohol is often taken in larger amounts or over a longer period than was
intended.

2. There is a persistent desire or unsuccessful efforts to cut down or control
alcohol use.

3. A great deal of time is spent in activities necessary to obtain alcohol, use
alcohol, or recover from its effects.

4. Craving, or a strong desire or urge to use alcohol.

5. Recurrent alcohol use resulting in a failure to fulfill major role obligations at
work, school, or home.

6. Continued alcohol use despite having persistent or recurrent social or
interpersonal problems caused or exacerbated by the effects of alcohol.

7. Important social, occupational, or recreational activities are given up or reduced
because of alcohol use.

8. Recurrent alcohol use in situations in which it is physically hazardous.

9. Alcohol use is continued despite knowledge of having a persistent or recurrent
physical or psychological problem that is likely to have been caused or
exacerbated by alcohol.

10. Tolerance, as defined by either of the following:

a. A need for markedly increased amounts of alcohol to achieve
intoxication or desired effect.
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b. A markedly diminished effect with continued use of the same amount of
alcohol.

11. Withdrawal, as manifested by either of the following:

a. The characteristic withdrawal syndrome for alcohol (refer to Criteria A
and B of the criteria set for alcohol withdrawal, pp. 499-500).

b. Alcohol (or a closely related substance, such as a benzodiazepine) is
taken to relieve or avoid withdrawal symptoms (American Psychiatric
Association, 2013).

The studies discussed in this review include several alcohol use outcomes: AUD
diagnoses (Johnson et al., 2015; Miles, Graham, & Teng, 2015; Miller et al., 2013), self-reported
heavy use (Adams, Larson, Corrigan, Horgan, & Williams, 2012; Chase et al., 2012; Horner et
al., 2005), and self-reported misuse (Bogner, French, Lange, & Corrigan, 2015), that may or may
not meet the full diagnostic criteria for a use disorder. Outcomes of interest also include
frequency of binge drinking (Adams et al., 2012; Chase et al., 2012; Horner et al., 2005) and
consumption category (Bombardier et al., 2003; Horner et al., 2005; Pagulayan et al., 2016).

Researchers often measure alcohol consumption-related problems using self-report
scales. The Alcohol Use Disorders Identification Test (AUDIT) is a 10-item scale that measures
alcohol use frequency and quantity, signs of physical dependence and dysfunction associated
with alcohol use (Ponsford et al., 2007; World Health Organization, 2001). The Short Michigan
Alcoholism Screening Test (SMAST) is a 13-item scale that measures behavioral and functional
outcomes related to alcohol misuse (Bombardier et al., 2003; Dikmen et al., 1995; Selzer,
Vinokur, & van Rooijen, 1975).

Table 1.
Definitions of alcohol consumption categories (Bombardier et al., 2003).
Quantity Nor&eri(r)][: 1 1to 2 drinks | 3to 4 drinks | 5+ drinks

Frequency
< 1 time/week or none Abstinent Light Moderate Heavy
1 to 2 times/week Abstinent Light Moderate Heavy
3 to 4 times/week Abstinent Moderate Moderate Heavy
5 to 6 times/week Abstinent Moderate Heavy Heavy
7 + times/week Abstinent Heavy Heavy Heavy

SCOPE AND METHOD

This research review focuses on alcohol misuse and abuse after TBI. Discussion of the
negative social, behavioral, medical, and functional consequences of alcohol abuse and misuse is
limited to studies in which TBI is a primary variable. The biological effects of alcohol on the
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brain in the context of TBI history are beyond the scope of this review, as is a discussion of the
risks of light or moderate alcohol use after TBI. All levels of TBI severity are discussed.

The articles included here were found on PubMed using the search string “((traumatic
brain injury[Title/Abstract]) OR (concussion[Title/Abstract]))” combined with substance-related
terms using the Boolean operator AND. Substance-related terms included alcohol, alcoholism,
drinking, substance, and these terms were required to appear in the article title or abstract. Study
reports were excluded if the dependent variable was: intoxication at time of injury; pre-injury
substance misuse or abuse; non-alcohol substance; injury mechanism; neuroimaging findings; or
criminal arrest, criminal offense, or aggressive behavior. Study reports on the effect of alcohol at
tie of injury or during the acute phase of injury recovery were excluded. Other exclusion criteria
were: participants were criminal offenders or prison inmates; participants were adolescents;
injury sustained during childhood or adolescence; TBI status data are not presented; substance
misuse/abuse data are not presented; observational study with fewer than 50 cases; intervention
study; editorial or scoping review; case report/series; or animal study. Approximately 500
articles published between 1992 and 2016 were evaluated for inclusion at the title and abstract
level. The abstracts of 163 articles were examined, and approximately 60 were evaluated at the
full text level. A high number of excluded articles (at least 50) focused on intoxication at time of
injury.

PREVALENCE OF ALCOHOL ABUSE OR MISUSE AFTER TBI

Abundant evidence from civilian studies indicates that 37 to 51% of TBI patients are
intoxicated with alcohol at the time of injury, and a similar percent have a pre-TBI history of
alcohol misuse (Parry-Jones, Vaughan, & Miles Cox, 2006). Overall, several civilian studies
show a temporary decline in alcohol use and problems in the first year post-injury (Bombardier
et al., 2003; Dikmen et al., 1995; Horner et al., 2005; Pagulayan et al., 2016; Ponsford et al.,
2007; Whelan-Goodinson et al., 2009). Some individuals return to drinking in the months and
years after TBI, as shown in civilian longitudinal studies (Bombardier et al., 2003; Dikmen et al.,
1995; Jorge et al., 2005; Pagulayan et al., 2016). Aside from these well-supported observations,
evidence is not consistent on the question of whether the risk of AUD or alcohol misuse
increases after TBI.

This section presents data on the prevalence and risk of misuse or abuse of alcohol after
TBI. Studies with at least 50% of participants with mTBI are considered as mTBI studies below,
as are studies that provide no information on TBI severity. The literature search produced 24
studies (18 controlled, six uncontrolled) that provided quantitative information about alcohol use
and misuse after TBI. The controlled studies compared subjects with TBI history to those
without TBI history, and the uncontrolled studies compared the alcohol use or misuse of subjects
with TBI either to pre-injury use or misuse levels, or to use or misuse levels reported for the
general population. A number of methodological differences among these 24 studies are
examined below.

Study design

The breakdown of the 18 controlled and six uncontrolled studies in terms of study design
and overall conclusion is shown in Tables 1 and 2. Half of the controlled studies showed
increased alcohol use or misuse in those with TBI history as compared to those without TBI
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history, and half found either no increase in risk of misuse or abuse, or decreased use in those
with TBI. The remaining six studies were uncontrolled. None of the six uncontrolled studies
reported an increase in alcohol use between pre-injury and post-injury.

Table 2.
Controlled studies with data on alcohol misuse after TBI
Study Characteristic Studies with increase in Studies with no increase in | Total
misuse or abuse observed misuse or abuse observed
after TBI after TBI
Longitudinal controlled 0 5 (Bogner et al., 2015; 5
studies Kelley et al., 2012; Polusny
et al., 2011; Ponsford et al.,
2007; Tait, Anstey, &
Butterworth, 2010)
Cross-sectional controlled 4 (Adams et al., 2012; 2 (Allen, Stewart, 6
studies Adams et al., 2016; Hanson | Cusimano, & Asbridge,
etal., 2016; Rona et al., 2016; Ettenhofer,
2012) Reinhardt, & Barry, 2013)
Retrospective controlled 5 (Armed Forces Health 2 (Heltemes et al., 2011, 7
studies Surveillance, 2013; Miles et al., 2015)
Grossbard et al., 2016;
Johnson et al., 2015; Miller
etal, 2013; Wu et al.,
2016)
Total 9 9 18
Table 3.
Uncontrolled studies with data on alcohol misuse after TBI
Study Characteristic Studies with increase in Studies with no increase in | Total
misuse or abuse observed misuse or abuse observed
after TBI after TBI
Longitudinal uncontrolled 0 4 (Bombardier et al., 2003; | 4
studies Dikmen et al., 1995; Jorge
et al., 2005; Pagulayan et
al., 2016)
S[L%sise;sectlonal uncontrolled 1 (Horner et al., 2005) 0 1
Retrospective uncontrolled 1 (Chase et al., 2012) 0 1
studies
Total 2 5 7

The reasons for the conflicting results of the controlled studies are not clear, but
differences in study design, population, and outcomes may account for some of the differences.
Most retrospective studies (six of eight) or cross-sectional (five of eight) studies do show an
increase in alcohol misuse or abuse risk for those with TBI compared to those without. All the
prospective longitudinal studies (n = 9) in this set of 24 show no increase in alcohol misuse or
abuse risk after TBI, compared to either pre-injury use (for the four uncontrolled studies) or
compared to misuse and abuse risk among those without TBI (for the five controlled studies).
The longitudinal studies have participant retention rates ranging from 51% to 90%. It is possible

5
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those who develop or relapse into drinking problems are more likely to drop out of a study than
those who do not, and the reported results of these studies are systematically biased.

Among the uncontrolled studies, pre-injury consumption was compared to consumption
at follow-up. Five of the six studies conducted assessments at 1 year post-injury (Bombardier et
al., 2003; Dikmen et al., 1995; Horner et al., 2005; Jorge et al., 2005; Pagulayan et al., 2016).
Time since injury ranged from 1 month (in two studies that had a second assessment at 1 year
post-injury (Bombardier et al., 2003; Dikmen et al., 1995)) to a mean of 16 years (Chase et al.,
2012). Overall, these studies showed a decrease in alcohol consumption immediately after injury,
followed by a slow return to drinking among some of the participants, although average
consumption levels stay below the self-reported pre-injury levels in most of these studies. A
limitation of these studies is that pre-injury drinking levels were assessed by recall, which may

have introduced error and bias.

Two uncontrolled studies compared the alcohol use of individuals with moderate or
severe TBI history to the alcohol use of the general population in the state, and found that
persons with TBI have higher rates of binge drinking (Chase et al., 2012; Horner et al., 2005).
These comparisons should be interpreted with caution, since neither study matched the general
state population data to the sample based on age or other demographic factors, with the exception
that Chase et al. matched based on gender (Chase et al., 2012).

Injury Severity

The breakdown of studies by TBI severity is shown in Table 4. Both studies with moderate or
severe TBI patients and those with mostly mild TBI (includes studies that provided no
information on severity) have mixed results. Eliminating the uncontrolled studies did not provide

additional clarity.

Table 4.

Controlled studies with data on alcohol misuse after TBI, divided by TBI severity, participant
population, and presence of a no TBI control group

Studies showing increase in misuse
or abuse observed after TBI

Studies showing no increase in
misuse or abuse observed after TBI

Military/Veteran controlled studies

Moderate/severe TBI

0

0

Mild TBI or any severity

8 (Adams et al., 2012; Adams et al.,
2016; Armed Forces Health
Surveillance, 2013; Grossbard et al.,
2016; Hanson et al., 2016; Johnson
et al., 2015; Miller et al., 2013; Rona
etal., 2012)

5 (Bogner et al., 2015; Heltemes et
al., 2011; Kelley et al., 2012; Miles
et al., 2015; Polusny et al., 2011)

Civilian controlled studies

Moderate/severe TBI

0

1 (Ponsford et al., 2007)

Mild TBI or any severity

1 (Wuetal., 2016)

3 (Allen et al., 2016; Ettenhofer et
al., 2013; Tait et al., 2010)

Civilian uncontrolled studies

Moderate/severe TBI

2 (Chase et al., 2012; Horner et al.,
2005)

2 (Jorge et al., 2005; Pagulayan et
al., 2016)
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Mild TBI or any severity 0 2 (Bombardier et al., 2003; Dikmen
et al., 1995)

Participant population
Military and veteran studies

Among the 13 studies conducted with military or veteran populations, all examined
populations with mild TBI or TBI of unspecified severity. The military studies were
retrospective (n = 6), cross-sectional (n = 4), and longitudinal (n = 3), and all had no-TBI control
groups. An increased risk of alcohol misuse or abuse after TBI was reported in 8 of these. Eight
of the 13 studies used statistical methods to adjust for demographic and other factors (Adams et
al., 2012; Adams et al., 2016; Adams et al., 2013; Heltemes et al., 2011; Johnson et al., 2015;
Miles et al., 2015; Miller et al., 2013; Rona et al., 2012). Four studies excluded persons with
prior alcohol misuse or abuse (Hanson et al., 2016; Heltemes et al., 2011; Johnson et al., 2015;
Miller et al., 2013). Five had any exclusion criteria related to prior TBI (Armed Forces Health
Surveillance, 2013; Hanson et al., 2016; Johnson et al., 2015; Miller et al., 2013; Polusny et al.,
2011).

Three retrospective studies of service members are noteworthy. These were controlled
studies that used statistical adjustment to account for demographics (two of the three also
accounted for mental health conditions) and excluded persons with prior TBI or addiction-related
disorder.

Johnson et al. compared a cohort of service members who were diagnosed with a TBI (n
=53,817) to a random sample of control service members (n = 151,776) with any other diagnosis
during the same time period (Johnson et al., 2015). At 1 year post-injury, an AUD diagnosis was
1.5 times (95% CI, 1.4 to 1.6) more likely among those with TBI history as compared to those
without TBI history. Statistical adjustment accounted for gender, age, rank, occupation, service
branch, TBI severity, PTSD diagnosis (prior or follow-up), and other mental health diagnosis
during follow-up.

Miller et al. examined medical records of 5,066 active duty U.S. airmen who sustained
mTBI and 44,733 active duty airmen who sustained other injuries during a 7-year period (Miller
et al., 2013). The risk of new-onset AUD in the mTBI group was 1.70 times higher (95% CI 1.31
to 2.21) than the control group when assessed at least 3 months after injury. During the period 1
to 3 months after TBI, the risk of new-onset AUD was even more elevated, 2.66 times higher
(95% CI 1.86 to 3.81) in the mTBI group than the control group. These results were adjusted for
demographic factors and mental health conditions.

Heltemes et al. compared AUD diagnoses among 3,123 male U.S. service members who
sustained combat injuries between 2004 and 2007, with 45% constituting the TBI group and the
remainder constituting the other-injury group (Heltemes et al., 2011). No significant difference
was observed in the rate of AUD diagnosis between the TBI and other-injury group (6.1% and
4.9%, respectively) during the 3-year surveillance period. These results were adjusted for age,
but other variables did not meet criteria for confounding and were not included in the model.
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Civilian studies

The studies with civilian populations that met inclusion criteria were retrospective (n = 2,
one uncontrolled), cross-sectional (n = 4, two uncontrolled), and longitudinal (n = 6, four
uncontrolled). Most of these studies (9 of 12) found no increase in risk of alcohol abuse or
misuse after TBI.

Five studies examined civilians with moderate or severe TBI. Three longitudinal studies
showed that use and problem use was lower 1 year after TBI as compared to before injury (Jorge
et al., 2005; Pagulayan et al., 2016; Ponsford et al., 2007). Average alcohol use increased
somewhat over the next 2 to 4 years, but remained lower than pre-injury levels (Pagulayan et al.,
2016; Ponsford et al., 2007). These studies had retention rates ranging from 51% to 66%. One
study that recruited a community control group found that alcohol use and problem use were not
significantly different for the TBI participants (Ponsford et al., 2007). The other four studies
were uncontrolled, although two found that the frequency of binge drinking among participants
with TBI history was higher than that in the general state population (Chase et al., 2012; Horner
et al., 2005). None of these five studies were adjusted for potentially confounding factors, and
none excluded persons with prior TBI or pre-injury alcohol abuse.

Three controlled civilian studies conducted statistical controls in their analysis. The
earliest was a community cohort study by Tait et al. that assessed brain injury and alcohol use at
baseline and after four years (Tait et al., 2010). The authors collected prospective longitudinal
data on 6,093 participants (those with prior moderate or severe TBI were excluded). During the
4-year period, 56 individuals sustained an mTBI and 44 sustained a moderate TBI (defined as
any TBI requiring hospital admission). TBI was not significantly associated with risk of new-
onset hazardous/harmful drinking. Given the small number of TBI cases, this study may have
been underpowered to assess the relative risk of hazardous drinking for those with and without
TBI.

Wu et al. conducted a population-based case-control study to determine whether TBI
contributes to risk of subsequent SUD diagnosis (Wu et al., 2016). Individuals with TBI history
in a Taiwanese national health database (n = 19,109) were matched 1:1 for age and sex with
controls without TBI history. After adjusting for demographic variables, those with TBI were
more than three times more likely than controls to receive a subsequent SUD diagnosis. The risk
of SUD after an injury requiring surgical intervention (a proxy for severity) was higher than after
a more mild injury that did not require a surgical intervention.

Allen et al. used data from a Canadian population health survey to determine the
relationship between alcohol use and TBI history among 339 respondents who reported
sustaining a TBI in the past 12 months and a random sample of non-injured respondents (n =
10,627). After adjustment for education and income, those with recent TBI history were not
found to be more likely to drink or more likely to binge drink than non-injured respondents
(Allen et al., 2016).

Two studies of civilians with TBI examined how severity affected alcohol use (Dikmen
et al., 1995; Pagulayan et al., 2016). Post-injury alcohol use is lower among those who sustained
more severe injuries (lower GCS or more severe classification) compared to those who sustained
more mild injuries (Dikmen et al., 1995; Pagulayan et al., 2016).
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Study Outcome

The most common outcome among the 24 studies was AUD diagnosis (eight studies,
including one that used a combined AUD/SUD outcome, and two that used a research diagnosis
based on DSM diagnostic criteria), followed by AUDIT scores (six studies), and binge drinking
frequency (five studies). The studies that relied on AUD/SUD diagnoses were mostly with
military/veteran populations (six of eight) mostly retrospective (six of eight) and were split in
terms of results. Four studies found that TBI history increased the risk of subsequent AUD/SUD
diagnosis as compared to non-TBI controls, four studies found a decreased risk of AUD
diagnosis, and one study only reported on relapse in participants with prior AUD.

Among the six studies that used an outcome based on AUDIT scores, score
interpretations varied. Two studies classified that a score of 9 or more indicated misuse (Hanson
et al., 2016; Ponsford et al., 2007), one study held scores of 5 or more as misuse (Grossbard et
al., 2016), and one study classified scores of 16 or more as misuse (Rona et al., 2012). One study
reported average numerical scores rather that a dichotomized outcome (Polusny et al., 2011), and
one study used consumption categories based on AUDIT responses (Tait et al., 2010). Three of
the studies found increased risk of misuse or increased use after TBI, two found no difference
between TBI and non-TBI participants in AUDIT outcomes, and one uncontrolled study found a
significant decrease in AUDIT scores at one year post-injury.

Of the three controlled studies for which binge drinking was a primary outcome, two
found increased risk of binge drinking among those with TBI history as compared to those
without (Adams et al., 2012; Adams et al., 2016). Two additional uncontrolled studies showed
that binge drinking was more frequent among those with TBI history than among the general
population (Chase et al., 2012; Horner et al., 2005). Most (four of five) of these studies were
cross-sectional and one was retrospective. The two military studies were controlled and found an
increased risk of binge drinking after TBI (Adams et al., 2012; Adams et al., 2016), while the
three civilian studies had mixed results (Allen et al., 2016; Chase et al., 2012; Horner et al.,
2005).

Five studies had other outcomes including Short Michigan Alcoholism Screening Test
(SMAST), alcohol consumption categories, alcohol use behaviors, and frequency of alcohol use.
All five found decreased or no change in use or misuse (Bombardier et al., 2003; Dikmen et al.,
1995; Ettenhofer et al., 2013; Kelley et al., 2012; Pagulayan et al., 2016). Three studies were
uncontrolled and showed decreased misuse after TBI (Bombardier et al., 2003; Dikmen et al.,
1995; Pagulayan et al., 2016). Two studies compared TBI persons with non-TBI persons and
found no increase in misuse or frequency of use (Ettenhofer et al., 2013; Kelley et al., 2012).

Summary

Results are conflicting on the question of whether TBI increases risk of subsequent
alcohol abuse. Conflicting findings cannot be explained by a single feature of the studies. An
analysis of the study design, subject population, exclusion criteria, outcome type, injury severity,
level of statistical adjustment, and exclusion criteria of these 24 studies produced no clear pattern
that can explain the discrepancies. Significant evidence supports the hypothesis that after TBI,
most civilians decrease alcohol intake for a period of months to years, but some return to
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drinking (Bombardier et al., 2003; Dikmen et al., 1995; Jorge et al., 2005; Pagulayan et al.,
2016).

IMPACT OF ALCOHOL ABUSE OR MISUSE AFTER TBI

By definition, alcohol use disorder is associated with negative social, behavioral,
medical, or functional outcomes (American Psychiatric Association, 2013), and many alcohol
abuse assessment tools use the presence or frequency of such problems as a proxy for AUD
severity (Bombardier et al., 2003). That alcohol misuse and abuse has social, behavioral,
medical, or functional consequences is well-established and beyond the scope of this review
(National Institute of Alcohol Abuse and Alcoholism, 2016). This section reports on such
consequences in military and veteran populations in which TBI history is reported, and on
consequences in civilian studies where TBI history is considered as a primary variable. The
largest study in this group provided detailed information on medical, military, and social
consequences of alcohol misuse. Three studies addressed the question of whether alcohol use or
misuse increases post-concussive symptoms.

Survey data analyzed by Adams et al. showed that TBI with LOC greater than 20 minutes
was associated with greater risk of negative alcohol-related consequences, but TBI without LOC
or TBI with a shorter duration of LOC were not (Adams et al., 2013). Service members (n =
3,350) who had returned from a combat deployment 6 to 12 months prior provided self-reported
data on alcohol use and medical, military, and social consequences of use (Adams et al., 2013).
Those who sustained a TBI during their most recent deployment (n = 256) were divided into
three groups based on duration of LOC: no LOC (n = 150), LOC less than 20 minutes (n = 72),
and LOC greater than 20 minutes (n = 34). After adjustment for demographics, combat exposure,
PTSD, depression, suicidal ideation, and/or frequent binge drinking, those with TBI without
LOC or with LOC less than 20 minutes did not show increased risk of negative drinking-related
consequences. Only those with TBI with LOC greater than 20 minutes had significantly
increased risk of negative social, medical, or military consequences. These findings were
consistent across several levels of adjustment (Adams et al., 2013).

Three studies were found that addressed the question of whether alcohol use or misuse
increases post-concussive symptoms among those with and without TBI history. None of these
studies found that alcohol use or abuse had an additive effect on post-concussive symptom
severity among those with TBI. However, a comprehensive literature search on this question has
not been performed. The earliest of the three studies was published by Allen et al., who
investigated neuropsychological deficits associated with TBI (Allen, Goldstein, Caponigro, &
Donohue, 2009). Results from male veterans referred for neuropsychological testing (n = 103)
during a neurological or neuropsychiatric hospitalization indicated that TBI is associated with
neuropsychological deficits regardless of alcoholism status. The TBI and TBI plus alcoholism
groups did not differ on neuropsychological outcomes. No data regarding severity of TBI or
alcoholism were provided, and the temporal relationship between alcoholism onset and TBI was
not reported. In another study of veterans, Cernich et al. retrospectively examined 287 OEF/OIF
veterans who screened positive for TBI at an urban VA medical center (Cernich, Chandler,
Scherdell, & Kurtz, 2012). The 101 (35%) veterans who screened positive for alcohol abuse did
not report more post-concussive symptoms than those who screened negative. The third study of
alcohol and post-concussive symptoms found was conducted on undergraduate students with (n

10
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= 256) and without (n = 2,771) mTBI history. Results showed that mTBI status was not related
to cognitive, affective, or overall post-concussive symptoms. Symptom outcomes were related to
frequency of alcohol use, which did not differ significantly between the mTBI and non-mTBI
groups (Ettenhofer et al., 2013). In Allen et al., the variable primarily associated with post-
concussive symptoms was TBI, while in Ettenhofer et al., TBI had no effect, but alcohol use
affected post-concussive symptoms. The difference may relate to the participants’ ages,
consumption levels, or time since injury. Overall, existing evidence is insufficient to determine
whether alcohol use or abuse increases post-concussive symptoms after TBI.

Although findings from the prison inmate population may not be broadly applicable,
results published by Corrigan et al. with incarcerated individuals have shown that lifetime TBI
history factors can impact risk of substance abuse disorder as well as other outcomes (Corrigan,
Bogner, & Holloman, 2012). These findings demonstrate the complexity and heterogeneity of
the TBI patient population, which presents ongoing challenges for researchers and clinicians.

RISK FACTORS FOR ALCOHOL ABUSE OR MISUSE

In the general population, alcohol dependence is more common among men than women,
according to National Institutes of Alcohol Abuse and Alcoholism data. Among men, alcohol
dependence risk is highest among those 18 to 24 years of age, and among women, the risk is
highest among those 25 to 34 years of age (Module 1: Epidemiology of Alcohol Problems in the
United States, 2005). These demographic patterns were consistent among the populations
discussed below. Evidence has also shown genetic influences in alcohol abuse risk (Edenberg &
Foroud, 2013), but no studies addressing the interaction of genetics and TBI on alcohol abuse
risk were found. The below sections summarize literature that provides details on factors that
impact risk of alcohol abuse and misuse among veterans and service members with and without
TBI history.

Correlates of alcohol abuse in military mTBI groups

Three studies of service members with mTBI showed that PTSD and positive
expectations regarding alcohol consumption were associated with increased alcohol use. Kelley
et al. studied 319 combat brigade service members 1 month prior to deployment and 1 month
after returning (Kelley et al., 2012). Alcohol-related outcomes were not significantly different
post-deployment as compared to pre-deployment. Service members were divided into four
groups based on post-deployment PTSD and TBI screening instrument results: control, TBI,
PTSD, and PTSD plus TBI. The control group had lower combat exposure and lower post-
deployment anxiety scores than all other groups. The PTSD and PTSD plus TBI groups had
increased depression scores as compared to the control and TBI groups. Higher frequency of
drinking, more alcoholic drinks per day, felt need to cut down drinking, and used more alcohol
than intended were all reported by more service members with PTSD or PTSD plus TBI than by
control service members. Drunk driving was reported by more service members with PTSD plus
TBI than by control service members.

Polusny et al. surveyed 953 US National Guard soldiers for mTBI history, PTSD
symptoms, and psychological health outcomes 1 month before returning from Iraq and 1 year
after returning (Polusny et al., 2011). Participants were divided into four groups based on mTBI
and PTSD status. The four groups differed on a number of characteristics, including those with
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mTBI or mTBI plus PTSD were far more likely to have been injured in a blast than control
participants or those with PTSD only. Those with PTSD or mTBI plus PTSD and had higher
depression symptom scores. AUDIT scores showed a trend with control participants having
significantly lower scores than all other groups, followed by those with mTBI only, those with
PTSD only, and the highest AUDIT scores were among those with mTBI plus PTSD.
Differences between the AUDIT scores between those with mTBI, PTSD, and mTBI plus PTSD
were not significant. This study demonstrates that PTSD increases alcohol misuse and abuse risk
to an extent that is similar to or greater than that of mTBI.

Bogner et al. found that service members with misuse had significantly more positive
beliefs about the social and physical pleasure associated with alcohol, as measured by the
Alcohol Expectancy Questionnaire (AEQ-I111) (Bogner et al., 2015).

Correlates of alcohol abuse in military and veteran populations

Four publications with three cohorts of service member or veterans were found that
addressed the contribution of TBI as compared to other factors in predicting alcohol misuse or
abuse. In two of these cohorts, TBI status contributed to risk of alcohol abuse (Adams et al.,
2012; Adams et al., 2016; Travis Seidl, Pastorek, Troyanskaya, & Scheibel, 2015). All three
studies that considered PTSD status or symptoms found an association with alcohol misuse
(Adams et al., 2012; Adams et al., 2016; Cook et al., 2015). Combat exposure was positively
associated with alcohol misuse in two publications based on one cohort (Adams et al., 2012;
Adams et al., 2016).

Adams et al. examined survey data from 7,155 service members who had returned from a
combat deployment within the previous 12 months (Adams et al., 2012). Binge drinking, TBI
history, combat exposure, and other variables were surveyed. In regression models, TBI status,
male gender, high combat exposure, positive PTSD screen, positive depression screen, and
suicidal ideation within the past year were all associated with an increased risk of frequent binge
drinking. Serving in the Air Force, self-identified Black or other non-Hispanic race, married (or
living as married) status, and senior enlisted or higher rank were all associated with a decreased
risk of frequent binge drinking.

A subsequent analysis of data from the same survey included 6,824 service members who
had been on a combat deployment in the last 12 months (Adams et al., 2016). Binge drinking
data (defined as above) and AUDIT scores were examined for relationships to TBI and PTSD. In
bivariate analysis, days of binge drinking were significantly associated with more severe TBI
level (TBI levels were: no LOC, LOC less than 20 minutes, or LOC greater than 20 minutes),
positive PTSD screen, high lifetime combat exposure, and lower enlisted rank. A path analysis
was also performed to determine the impact of various predictors on binge drinking. All four
predictors contributed to binge drinking days, with combat exposure having a marginally higher
effect than PTSD screen, followed by TBI level, and lower enlisted rank.

In a sample of 80 trauma-exposed OEF/OIF veterans with chronic pain, 75% had current
or history of PTSD, and 56% screened positive for TBI history. Participants were recruited to a
longitudinal study at a Veterans Affairs health care center, and evaluated for behavioral health
outcomes at enrollment and after 1 year. At baseline, alcohol-related problems were assessed
with the Rutgers Alcohol Problem Index (RAPI). In a bivariate correlation analysis, alcohol-
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related problems were not correlated with TBI, but they were correlated with PTSD symptom
scores and disability scores. After 1 year, alcohol-related problems were not a predictor of
disability scores (Cook et al., 2015).

Travis Seidl et al. conducted a study of impulsiveness with 72 OEF/OIF veterans with
deployment-related mTBI history and 55 control veterans (Travis Seidl et al., 2015). The mTBI
group showed significantly higher AUDIT scores (average 7.0, SD 6.4) than the control group
(average 3.7, SD 3.8). Regression analysis showed a significant positive relationship between
alcohol-related problems and non-planning impulsiveness as measured by self-report scale. No
significant differences in impulsiveness were observed between the mTBI and control groups.

CONCLUSION

This research review summarizes recent and relevant scientific literature on AUD after
TBI. Some evidence regarding civilian TBI indicates that alcohol use and misuse often declines
in the year after TBI, especially after moderate or severe TBI (Bombardier et al., 2003; Dikmen
et al., 1995; Horner et al., 2005; Pagulayan et al., 2016; Ponsford et al., 2007; Whelan-
Goodinson et al., 2009). However, the long-term impact of TBI on risk of AUD or alcohol
misuse is unclear. Additional controlled studies are needed, with sample sizes large enough to
enable statistical adjustment for demographic and other factors. Prospective studies with
administrative follow-up data collection would enable longitudinal studies that were not
significantly impacted by participant attrition.

Among military and veteran populations, findings were similarly inconsistent, but some
suggested that risk of AUD is increased after TBI. Among service members with mTBI, PTSD
(Adams et al., 2012; Adams et al., 2016) and positive expectations regarding alcohol
consumption (Bogner et al., 2015) were associated with increased alcohol use. In studies of
military and veteran populations that included those without TBI history, TBI status did not
consistently contribute to additional risk for alcohol abuse. PTSD status or symptoms and
combat exposure were consistently associated with alcohol misuse than TBI status (Cook et al.,
2015), and in three studies, the effect of PTSD on alcohol use or misuse was larger than the
effect of TBI (Adams et al., 2016; Kelley et al., 2012; Polusny et al., 2011).

Alcohol misuse is associated with negative medical, military, and social consequences
among service members, regardless of TBI history (Adams et al., 2013). Data from military and
civilian populations suggest that alcohol misuse may not increase post-concussive symptoms
among those with TBI history more than it increases those symptoms among those without TBI
(Allen et al., 2009; Cernich et al., 2012; Ettenhofer et al., 2013).

The literature search revealed several research gaps. No studies on military or veteran
populations with moderate severe TBI were found. Most military/veteran studies did not account
for AUD history or pre-injury alcohol use. Controlling for pre-morbid AUD and alcohol misuse
is complicated by the significant proportion of civilian TBI patients with prior alcohol problems
(Parry-Jones et al., 2006). A number of civilian studies had high participant attrition or lacked
control groups. Further research with longer follow-up periods, non-TBI control groups, and
specific populations (co-morbidities, specific injury severity, specific genetic variants) will
provide more evidence regarding risks and interventions.
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ABBREVIATIONS

AEQ-III, Alcohol Expectancy Questionnaire; AOC, alteration of consciousness; AUD, alcohol
use disorder; AUDIT, Alcohol Use Disorders Identification Test; DoD, Department of Defense;
DSM-1V, Diagnostics and Statistics Manual, 4th edition; DSM-V, Diagnostics and Statistics
Manual, 5th edition; GCS, Glasgow Coma Scale; LOC, loss of consciousness; mTBI, mild
traumatic brain injury; n, number in participant group; OEF/OIF, Operation Enduring
Freedom/Operation Iraqi Freedom; PTA, post-traumatic amnesia; PTSD, Posttraumatic stress
disorder; SMAST, Short Michigan Alcoholism Screening Test; SUD, substance use disorder;
TBI, traumatic brain injury; VA, Department of Veterans Affairs.
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