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Alcohol Use Disorder and
Traumatic Brain Injury
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Alcohol use and traumatic brain injury (TBI) are inextricably and
bidirectionally linked. Alcohol intoxication is one of the strongest
predictors of TBl, and a substantial proportion of TBIs occur in intoxicated
individuals. An inverse relationship is also emerging, such that TBI can
serve as a risk factor for, or modulate the course of, alcohol use disorder
(AUD). Critically, alcohol use after TBl is a key predictor of rehabilitation
outcomes, prognosis, and additional head injuries.This review provides
a general overview of the bidirectional relationship between TBl and AUD
and a discussion of potential neuropsychological and neurobiological
mechanisms that might underlie the relationship.
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Overview of Traumatic Brain Injury

Traumatic brain injury (TBI) is characterized by neurological
dysfunction caused by a bump, blow, or penetrating injury to the brain.
The duration and severity of dysfunction may range from “mild” TBI
(concussion), which may involve a brief period of loss of consciousness
and a transient neurological impairment with rapid recovery, to
“severe” TBI, involving an extended period of loss of consciousness
and permanent brain damage.! The extent of neurological damage is
determined by an evolving pathophysiology over the hours and days
following the injury, during which time brain swelling, increased
intracranial pressure, and reduced cerebral blood flow contribute to the
development of cognitive and functional deficits.? Further, the injuries
can be divided into those that cause focal or penetrating damage to
local brain regions versus those that result in more diffuse damage.’
Consequently, TBI is a highly heterogeneous injury state resulting in a
patient population with markedly different injuries, comorbidities, and
predicted outcomes.

Public understanding of TBI is currently undergoing a shift due, in
part, to recent events that have focused public and media attention on
the issue.*” Although these recent events, which include the emerging
understanding of the role of TBI in later neurodegeneration and the
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recognition of the high incidence of TBI among
amateur and public athletes, as well as military
personnel, represent tragedies with real human cost,
they have also helped focus public attention on an
ongoing public health crisis.

Annually, about 2.8 million civilians in the
United States receive medical treatment for TBI,
but the true incidence of TBI is actually far higher,
as many TBI patients are never seen by health care
providers®’ (although rates of emergency department
visits are rising, likely due to increasing public
awareness of the seriousness of TBI).® Even among
those patients seen by medical personnel, the lack
of definitive diagnostic tools, or even consensus on
a definition, means that a substantial proportion
of TBIs go undiagnosed.” Additionally, TBI was
declared the signature injury among military
personnel involved in the protracted conflicts in Iraq
and Afghanistan (Operations Enduring Freedom,
Iraqi Freedom, and New Dawn)."” During the first
12 years of these conflicts, nearly 250,000 service
members were diagnosed with TBL' although the
difficulties associated with reporting, identifying, and
diagnosing head injuries indicate that this number
likely is underestimated.

What is becoming clear, is that even relatively
mild TBI can have far-reaching consequences that
last well beyond the initial symptoms.'? The long-
term sequelae of TBI can include psychiatric and
neurological dysfunction, as well as a whole host of
nonneurological diseases. Additionally, survivors of
TBI can suffer from cognitive issues and are more
likely to be unemployed, socially isolated, and
incarcerated.'>' Thus, the total cost, comprising
health care dollars, loss of productivity, and quality
of life, associated with TBI in the United States is
substantial, with estimates of lifetime cost (in 2009
dollars) ranging from more than $75 billion to more
than $200 billion."”

Alcohol Use Disorder Before TBI

TBI has long been closely associated with acute
alcohol intoxication. Most studies estimate that
between 30% and 50% of patients treated for
TBI were intoxicated at the time of injury, with
even greater intoxication estimates for patients
injured in motor vehicle accidents and assaults.'®
Binge drinking is a major risk factor for trauma,
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particularly brain trauma.'” Individuals who
consume more than five drinks in a sitting are more
than three times as likely to suffer a trauma.'® One
illustrative example involves cyclists. Individuals who
cycle while intoxicated are more likely to fall, and,
among cyclists who fall, being intoxicated greatly
increases the probability of TBIL." The lifetime
incidence of TBI is approximately four times higher
among individuals who drink, relative to those who
do not.”

Not surprisingly, given the powerful relationship
between alcohol intoxication and brain injuries,
the overall rate of alcohol use disorder (AUD) is
very high among patients who incur TBI, with
estimates ranging from one-third to half of all
patients meeting diagnostic criteria for AUD.?' More
than half the patients admitted for rehabilitation
following TBI meet the diagnostic criteria for AUD*
or are considered at risk for problem drinking
because of self-reported binge drinking or Short
Michigan Alcoholism Screening Test (SMAST)
scores.”! Thus, the population of persons with TBI
disproportionately consists of individuals who drink
alcohol and those who meet AUD diagnostic criteria
or are at risk for developing AUD.

Given that alcohol intoxication is a major risk
factor for the incidence of TBI, a substantial
population exists from which researchers can study
the effects of blood alcohol concentration at time
of injury on survival and on functional outcomes.
There is controversial literature (beyond the scope of
the current review) suggesting that better long-term
outcomes are associated with patients who had low
to moderate levels of alcohol in their blood at the
time of their injuries, when compared with patients
who had no alcohol in their blood,”** although
not all studies have reached that conclusion.” What
is much clearer, however, is that drinking affer
TBI represents a major impediment to successful
outcomes in several critical domains.'®%

Patterns of Drinking After TBI

Alcohol use falls off immediately after TBI, and this
reduction appears to be due to three factors.”' First,
many patients are advised to abstain from alcohol in
the early postinjury period to reduce the likelihood
of post-traumatic seizures.”” Second, many patients
with TBI have limited access to alcohol because
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they are hospitalized, living with family, or admitted
to an inpatient rehabilitation facility, or because

they have impairments in cognition or mobility.*'
Finally, many patients, especially those whose injuries
occurred secondary to intoxication, choose to use this
early period to stop drinking. Indeed, involvement

in car crashes increases the likelihood that patients
will enter AUD treatment.”® Some patients stop
drinking permanently, but a large subset (25%, by
some estimates) resumes drinking after injury, and
consumption levels can rise to (or above) preinjury
levels by 1 to 2 years after injury.” The strongest
predictor of postinjury AUD is drinking before
injury. Patients who scored high on the SMAST
before TBI were more than 10 times likely to exhibit
problem drinking after injury.?

There exists some controversy in the literature as
to whether TBI can act as an independent risk factor
for the development of AUD in adult patients who
did not previously meet the diagnostic criteria for
AUD.**%! Epidemiological studies have generally
concluded that TBI does not induce new cases of
AUD, but some patients return to drinking after
TBI (approximately 25%, by some estimates),*"*
and this has significant negative consequences (see
Consequences of Drinking After TBI in this
article). Still, there is reason to suspect that TBI can
increase the likelihood of AUD. For instance, in
one study, approximately 20% of patients who were
abstainers or “light” drinkers before injury exhibited
high-volume drinking after injury.*” Similarly, among
military personnel, several studies have reported
that service men and women who experienced
combat-related TBI were more likely than uninjured
individuals to binge drink.”> Additionally, among
patients with a primary diagnosis of substance use
disorder (defined as misuse of alcohol or drugs),

a lifetime history of TBI is remarkably common.

In one study of individuals seeking treatment for
substance abuse in New York, more than 50% had a
history of TBI, and nearly half had experienced more
than one TBI.*

Still, any potential causal relationship between
adult TBI and AUD has been difhicult to establish
for several reasons (although causality may exist).
First, the TBI population disproportionately consists
of people who exhibit AUD, potentially masking
any relationship. Second, patients who have AUD
after TBI appear more likely to be lost to follow-up
in epidemiological and outcome studies.”” Third,

patients who have the most severe injuries, the
subset of people with TBI who, theoretically, are
most likely to develop AUD, are also the group
most likely to have no access to alcohol because
of disability or institutionalization.* Fourth, it is
becoming increasingly clear that a large subset of
patients treated for TBI also had previous TBI,
and, as described in this article, injury during early
development is a powerful risk factor for AUD.Y
Fifth, the populations most at risk for TBI, including
adolescent and young adult males, risk-takers, and
enlisted military personnel, are also at elevated risk
for AUD.*®

The relationship between TBI and AUD is
much clearer in individuals who were injured as
children. Incurring TBI during childhood increases
the likelihood of later development of AUD. This
relationship is easier to discern because the effects
of injury on the developing nervous system can
be profound,®” and because this population is
less affected by many of the confounders already
discussed. Younger patients, presumably, are less
likely to be experienced with alcohol or meet the
diagnostic criteria for AUD.

For instance, results from the Christchurch
birth cohort studies indicated that children who
experienced mild TBI with hospitalization before age
5 were 3.6 times more likely to meet the Diagnostic
and Statistical Manual of Mental Disorders (1hird
Edition—Revised) criteria for alcohol dependence
during adolescence, when compared with those
who had no similar injury.*” A 10-year, nationwide,
longitudinal cohort study in Taiwan indicated that
there was a more than sixfold increase in the rate
of alcohol abuse (as defined by the /nternational
Classification of Diseases, Ninth Revision: Clinical
Modification) among patients with a history of
TBI, when compared with uninjured control
patients.” Among Canadian high school students,
the odds ratio for binge drinking in the previous
year (at the time of the study) was between two-
and fourfold higher in students who had a history
of TBI (defined as loss of consciousness or an
overnight hospitalization), when compared with
uninjured students.*> Moreover, in a study of patients
admitted for inpatient rehabilitation following
TBI, approximately 20% of the population had
experienced previous TBI, many sustained before age
16.” Among the patients in this study, those with a
history of childhood brain injury had twice the rate
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of problem alcohol use as those without previous
TBI. (Problem alcohol use was defined as more than
14 drinks per week for males and 7 for females, or
any incidence of binge drinking that included 5 or
more drinks in a night.)

Also, TBI appears to act indirectly by limiting
protective factors and increasing risk factors
for incurring a subsequent TBL.** For instance,
individuals with a history of TBI early in life are less
likely to participate in extracurricular activities, finish
school, marry, and be employed, and they are more
likely to engage in risky behavior and experience
long-term alienation from family and peer groups,
all of which serve as risk modifiers for alcohol
misuse.”*% TBI, particularly when it occurs in
young patients, can modify the risks for development
of AUD, and, among individuals who have AUD,
there is a high incidence of prior TBI.

Comorbidity Among TBI, PTSD,
and AUD

TBI is closely linked to post-traumatic stress disorder
(PTSD), but not only because both conditions

have trauma as a precipitating factor (see Figure 1).
Among combat veterans who had physical trauma
excluding the brain, 16% developed PTSD
symptoms, whereas 44% of combat veterans with

a history of TBI developed symptoms of PTSD.#
Similar patterns have been observed among
civilians.*” Remarkably, this relationship exists even
among individuals who experienced post-traumatic
amnesia that prevented them from remembering the
trauma.*® The potential physiological links between
the two conditions remain under investigation, but
they may involve dysregulation of the hypothalamic

Trauma
HPA axis
TBI dysregulation
Neurological Autonomic impairments PTSD
damage Limbic system damage Hyperarousal
Inflammation Cognitive impairments Social withdrawal

Hypodopaminergia

Comorbid mood

disorders

! 1 |

Alcohol use disorder

Figure 1 Overlapping neurobehavioral links among TBI, PTSD, and alcohol use disorder. TBI and PTSD share frauma as a precipitating
event. They are also linked by dysregulation of stress response systems, cognitive impairments, and affective symptoms, which,
together, can increase the likelihood of alcohol misuse. Nofe: HPA, hypothalamic pituitary adrenal; PTSD, post-fraumatic stress

disorder; TBI, traumatic brain injury.
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pituitary adrenal axis, impairments in autonomic
physiology, and damage to frontal and limbic
structures that impair physiological regulation and
the ability to manage traumatic memories.*”*
Ciritically, TBI, PTSD, and AUD are commonly
comorbid, which is unsurprising given that
intoxication elevates risk of TBI, and that generally
high rates of alcohol misuse occur among patients
who have TBI.?! The relationships among these
conditions are an area of active investigation.
Numerous studies have investigated relationships
between two of the conditions, and far fewer have
investigated all three.”' There are clearly relationships
between and among all these conditions, but there
are a number of overlapping characteristics of
individuals with PTSD and TBI that can make
drinking more likely.”> For instance, the hyperarousal
to stressful events that is central to PTSD pathology
is unpleasant and can increase social withdrawal,
thus exacerbating ongoing negative affect.’? TBI can
make it more difficult for patients to manage these
symptoms, increasing the likelihood that they will
drink alcohol. Moreover, the cognitive impairments
combined with decreased frustration tolerance that
are central to both TBI and PTSD can increase
the likelihood that daily difficulties will lead to
drinking. Because some of the relationship between
TBI and AUD is likely mediated by PTSD, it has
been difficult to disentangle the contribution of TBI
and PTSD to the development of AUD, given their
similar etiology and symptomatology. Further work
is required to uncover the physiological substrates
that link these conditions.

Consequences of Drinking After TBI

Multiple epidemiological studies have reported that
a subset of people with TBI eventually drinks at or
above preinjury levels.?***?"** This propensity to
resume consuming alcohol at preinjury levels is of
critical importance, because alcohol use after injury
is deleterious in a number of different domains and is
predictive of negative outcomes over the long term.'®
A distinction has to be drawn between AUD and
alcohol use in the absence of problem drinking.
People who have brain injuries likely suffer negative
consequences from patterns of drinking that
would not produce significant harm in uninjured
individuals. For instance, drinking can promote

development of post-traumatic seizures directly

and by interfering with the efficacy of prescribed
antiseizure medications.” Critically, alcohol affects
peripheral tissues, including in the liver and kidneys,
and impairs wound healing, which can have outsized
effects on patients recovering from trauma. Also,
cognitive consequences of drinking appear to be
magnified by prior TBI. For instance, patients with
TBI who drank at “heavy social” levels (with a mean
Alcohol Use Disorders Identification Test score of
16.9) exhibited impaired event-related potentials
and greater cognitive deficits, when compared with
patients who abstained.”*

Finally, both drinking and a history of TBI are
powerful risk factors for suffering subsequent head
injuries.”> Moreover, suffering TBI while intoxicated
more than triples the likelihood of suffering a future
TBIL.>® Repeated TBIs produce more severe long-
term damage and permanent disability than a single
injury.” Patients with TBI often report reduced
tolerance to alcohol,”” and they can also have balance
problems associated with their injuries, meaning that
intoxication, even at relatively low blood ethanol
concentrations, can increase the risk of injury.

Patients with AUD who continue (or restart)
drinking after TBI have significantly poorer
long-term outcomes than patients who do
not.”® A chronic high level of drinking can be
proinflammatory and deleterious to brain health
and thus has the potential to impair functional
recovery and further damage vulnerable and already
impaired neural structures.”” Many of the brain
regions commonly injured in TBI, including the
frontal and medial temporal regions, are also key
sites of inflammatory reactions in people who have
been drinking alcohol for a long time. Patients with
TBI who were previously diagnosed with AUD and
relapsed had smaller frontal gray matter volumes
within the first year after injury than patients who
did not relapse.* Finally, in a retrospective study
of patients who had TBI, individuals who met the
criteria for substance use disorder (including alcohol)
at the time of their injuries were four times more
likely to die from suicide than patients who did not
meet the criteria.”!

Some of the negative consequences of drinking
after TBI may be related to treatment compliance.
Patients with AUD are less compliant with TBI
rehabilitation and have poorer rehabilitation
outcomes than patients who do not have AUD.'¢
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Patients with AUD are also more likely to have
lower levels of life satisfaction.®* Alcohol misuse also
impairs reintegration into the workforce after injury.
Among people who have TBI, alcohol misuse is the
most commonly cited reason for termination from a
vocational placement program.® Also, patients with
TBI and AUD are more likely than patients with
TBI who do not have AUD to meet the diagnostic
criteria for mood disorders and less likely to return
to work.®

Because of the many deleterious consequences
associated with drinking alcohol after TBI, treating
AUD in people with TBI has the potential to
markedly improve outcomes and reduce the
likelihood of devastating repeated injuries.

Treatment of Co-Occurring TBI
and AUD

There are special considerations for treating co-
occurring AUD and TBI. As already mentioned,
people who have TBI may be disproportionately
vulnerable to negative consequences of alcohol
misuse. However, there are unique challenges
and opportunities for treatment of AUD among
people with TBI. After their injuries, many
patients with TBI significantly reduce the amount
of alcohol they drink.?"** Although a substantial
subset (approximately 25%) of these individuals
eventually returns to (or surpasses) preinjury
drinking levels, this initial period of abstinence has
been characterized as a “window of opportunity”
for screening and intervention. There is limited, but
generally positive, evidence that brief interventional
strategies and cognitive-behavioral therapies can be
effective in this population.

Although screening and monitoring for AUD
are key steps in the management of TBI, many
patients, particularly those who do not receive
specialized or follow-up care, are not assessed for
AUD risk. Moreover, patients with TBI represent
a special challenge for treatment of AUD. TBI is a
heterogeneous condition, but there are certain brain
regions that are more likely to be damaged because
of their anatomical location. These regions include
the key areas for cognitive control and executive
function in the frontal and anterior temporal regions.
Thus, it is extremely common after moderate to
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severe TBI to suffer from cognitive deficits, impaired
emotional regulation, and difficulty focusing
attention. Therefore, AUD treatment protocols must
be tailored to address the specific challenges of this
population.

Additionally, people with TBI have high rates
of neuropsychiatric comorbidities, including
depression, anxiety, and PTSD, all of which can
promote alcohol misuse and complicate AUD
treatment.*’ Treatment for comorbid psychiatric
disorders, particularly addiction, is more challenging
in patients with a history of TBI, but the existing
evidence indicates that treatments targeting both
PTSD and comorbid alcohol dependence produced
greater reductions in symptoms for both disorders
than treatments for either condition alone.*

Moreover, the efhicacy of drugs (e.g., disulfiram
and naltrexone) approved specifically for treatment
of AUD has been minimally investigated in the TBI
population.®® These drugs are not contraindicated
for people who have TBI, but medication for this
population tends to require careful titration and close
monitoring of responses. Also, the elevated risks of
substance misuse should be considered when using
medication to manage TBI symptoms in this patient
population.

The pharmacological treatments for management
of TBI fall into two general classifications.® In
the acute phase after injury, a small number of
compounds are administered to manage symptoms
and to (attempt to) reduce damage from the initial
injury. In the later phases, several psychoactive
compounds (e.g., cholinesterase inhibitors,
stimulants, and amantadine) are prescribed to
modulate cognitive symptoms, fatigue, and
insomnia.®8 Although little direct evidence
indicates that these compounds can increase the
likelihood of developing AUD, it is imperative
to consider how their potential and efficacy are
influenced by alcohol if they are to have appropriate
clinical effects.

Mechanisms Linking AUD to TBI

There are a number of potential mechanisms

that link TBI to AUD across both cognitive and
psychosocial domains. Further, there is mounting
evidence that central inflammatory signaling can
interact with deficits in neural reward systems,
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which may indicate that people with TBI are more
vulnerable to developing AUD.

Cognitive and psychosocial links

The incentive motivation theory of drinking
predicts that individuals drink alcohol to either
enhance positive affect (i.e., directly improve mood
or facilitate socialization) or reduce negative affect
(i.e., alleviate depression or anxiety).® The decision
to drink or not drink alcohol, as predicted by this
theory, is based on weighing the perceived benefits
against the potential costs, which may include
legal and occupational issues, hangovers, monetary
costs, and social pressures. However, people with
TBI often have difficulty weighing the future costs
of their actions. For instance, laboratory-based
neuropsychological tests demonstrate that people
who have frontal lobe injuries consistently have
deficits in decision-making, as assessed by their
performance in delay discounting and gambling tasks
that require judgment about future consequences
of immediate actions.”””" This pattern of cognitive
deficits is superficially similar to what occurs in
patients with AUD, and these cognitive deficits are
worse in patients with TBI who meet the diagnostic
criteria for AUD.”* Thus, despite future negative
consequences, people with TBI may be less likely
than those without TBI to decide to not drink.

Neurobiological substrates

Neurobiological links between TBI and AUD remain
unspecified, although a potential link has received
increased attention in recent years, and new animal
models have been developed.”>” Injury to the brain
often results in affective, cognitive, and psychosocial
impairments that can promote alcohol misuse.
Moreover, the underlying neurobiological roots of
these impairments may also render the brain more
vulnerable to developing alcohol dependence.

To investigate the potential relationship between
TBI during development and future alcohol
use, we developed an animal model in which we
administered a mild TBI to mice during juvenile
development and allowed the animals to grow
into adults.”” Animals that experienced TBI as
juveniles exhibited markedly greater alcohol
self-administration as adults, when compared to
noninjured animals. The difference in alcohol self-

administration between the two groups of animals
was independent of changes in sensory function.
Also, for the mice that had TBI, the difference

was associated with enhanced reward responses to
intraperitoneal alcohol. Thus, the injury during
juvenile development altered the rewarding
properties of alcohol. Moreover, we could block
the enhanced drinking behavior that followed TBI
by housing the animals in enriched environments,
which served as a proxy for sustained cognitive and
physical rehabilitation. We have begun to use this
model to investigate the neurobiological substrates of
alterations in alcohol-related circuitry.

For instance, as already discussed in this article,
TBISs are remarkably heterogeneous in etiology,
location, and severity, but they do possess some
common features.® Specifically, virtually all TBI
produces acute neuroinflammatory response and
persistent alterations in neuroimmune physiology.”®
This is important because alcohol and central
inflammatory responses are bidirectionally linked.
High doses of alcohol produce a characteristic
inflammatory response in the brain, including
activation of microglia and upregulation of
proinflammatory signaling molecules.”® Further,
this inflammatory response to alcohol is exacerbated
in animals with a history of TBI. We recently
showed that mice that experienced TBI during
juvenile development exhibited exaggerated
inflammatory responses, cognitive deficits,
and neural degeneration following binge-like
alcohol administration in adulthood.”” Moreover,
inflammatory responses in the brain drive alcohol-
drinking behavior in animals, and blocking or
reducing neuroinflammatory signaling can attenuate
alcohol self-administration.”®* Thus, we postulate
that TBI establishes a state of constant escalation in
which it directly induces an inflammatory response
and also enhances the neuroinflammatory response
to subsequent exposure to alcohol.”” Future studies
need to address whether inhibiting TBI-induced
inflammatory responses can also prevent increases in
drinking alcohol.

TBI also may produce a state of hypodopaminer-
gia. In clinical populations, imaging data and the
widespread use of dopaminergic agents (e.g., methyl-
phenidate and amantadine) for the treatment of TBI-
related cognitive issues provide indirect evidence of
the hypodopaminergia.'* Whether the effectiveness
of dopaminergic agents in patients with TBI reflects
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a true dysregulation of mesocorticolimbic dopamine,
or if higher dopaminergic tone is beneficial for cog-
nitive function in survivors of TBI, remains unspec-
ified. However, in animals, TBI produces a biphasic
alteration in dopamine signaling characterized by an
initial upregulation of dopaminergic synthesis path-
ways and dopamine release, followed by prolonged
suppression.

Neuroinflammatory responses have significant
antidopaminergic effects,®’ and blunted
dopaminergic release is a major risk factor for
the development of AUD.* In our juvenile TBI
model, injured mice exhibited markedly attenuated
dopaminergic signaling in adulthood and altered
patterns of neuronal activation in dopaminergic
cells.®® There are many unanswered questions, but
injury during periadolescent development in mice
seems to persistently alter the development of the
dopaminergic system and the response to alcohol
in this key reward system. Clearly, there are many
other mechanisms beyond neuroinflammation
and hypodopaminergia that could underlie greater
vulnerability to AUD in people with TBI, and this

review is limited in scope.

Future Research Needs

There are many unanswered questions regarding

the relationship between TBI and AUD.

Most pertinently, we need to determine if TBI
exacerbates AUD or increases vulnerability to the
development of AUD. We also need to ascertain
how underlying neural mechanisms affect TBI and
AUD. In particular, what are the roles of chronic
neuroinflammatory signaling, impairments in
reward processing, and cognitive issues in mediating
susceptibility to AUD? We know that many people
with TBI meet the diagnostic criteria for AUD and
continue to drink alcohol after their injuries. Further,
we know this pattern of behavior is associated with
varied, but serious, negative consequences. Thus,
future research needs to address the best ways to
screen and treat people with TBI to minimize the
harm associated with drinking alcohol after injury.

Acknowledgments

This article was supported by an Ohio State
University Neurological Institute Pilot Award.
Additional support was provided by the National

178 ‘ Alcohol Research: Current Reviews ‘ Vol 39 No 2 | 2018

Institute of Neurological Diseases and Stroke
Institutional Center Core Grant P30 NS104177.

Financial Disclosure
The authors declare that they have no competing
financial interests.

References

1. Ghajar J. Traumatic brain injury. Lancet. 2000;356(9233):923-929.
PMID: 11036909.

2. Wemer C, Engelhard K. Pathophysiology of fraumatic brain injury. Br J Anaesth.
2007;99(1):4-9. PMID: 17573392.

3. Shultz SR, McDonald SJ, Vonder Haar C, et al. The potential for animal
models fo provide insight into mild tfraumatic brain injury: Translational
challenges and strategies. Neurosci Biobehav Rev. 2017;76(pt B):396-414.
PMID: 27659125.

4. Mez J, Daneshvar DH, Kiernan PT, et al. Clinicopathological evaluation of
chronic traumatic encephalopathy in players of American football. JAMA.
2017,318(4):360-370. PMID: 28742910.

5. McCrea M, Pliskin N, Barth J, et al. Official position of the military TBI task
force on the role of neuropsychology and rehabilitation psychology in the
evaluation, management, and research of military veterans with fraumatic
brain injury. Clin Neuropsychol.2008;22(1):10-26. PMID: 18247218.

6. Taylor CA, Bell M, Breiding MJ, et al. Traumatic brain injury-related emergency
department visits, hospitalizations, and deaths—United States, 2007 and
2013. MMWR Surveill Summ. 2017,66(9):1-16. PMID: 28301451.

7. Centers for Disease Control and Prevention, National Center for Injury
Prevention and Control. Report fo Congress on Mild Traumatic Brain Injury in
the Unifed States: Steps fo Prevent a Serious Public Health Problem. 2003.
https:/Awww.cdc.gov/traumaticbraininjury/pdf/mtbireport-a.pdf. Accessed
May 23,2018.

8. Marin JR, Weaver MD, Yealy DM, et al. Trends in visits for fraumatic brain injury
to emergency departments in the United States. JAMA. 2014;311(18):1917-
1919.PMID: 24825648.

9. Roozenbeek B, Maas Al, Menon DK. Changing patterns in the epidemiology of
fraumatic brain injury. Nat Rev Neurol. 2013;9(4):231-236. PMID: 23443846.

10. Snell FI, Halter MJ. A signature wound of war: Mild traumatic brain injury.

J Psychosoc Nurs Ment Health Serv.2010;48(2):22-28. PMID: 20166653.

11. Boyle E, Cancelliere C, Hartvigsen J, et al. Systematic review of prognosis
after mild fraumatic brain injury in the military: Results of the International
Collaboration on Mild Traumatic Brain Injury Prognosis. Arch Phys Med Rehabil.
2014;95(3)(suppl):S230-S237. PMID: 24581908.

12. Masel BE, DeWitt DS. Traumatic brain injury: A disease process, not an event.
J Neurotrauma.2010;27(8):1529-1540. PMID: 20504161.

13. McKinlay A, Corrigan J, Horwood LJ, et al. Substance abuse and criminal
activities following traumatic brain injury in childhood, adolescence, and early
adulthood. J Head Trauma Rehabil. 2014;29(6):498-506. PMID: 24263173.

14. Bales JW, Wagner AK, Kline AE, et al. Persistent cognitive dysfunction affer
fraumatic brain injury: A dopamine hypothesis. Neurosci Biobehav Rev.
2009;33(7):981-1003. PMID: 19580914.

15. Finkelstein EA, Corso PS, Miller TR. The Incidence and Economic Burden of
Injuries in the Unifed States. New York, NY: Oxford University Press; 2006.

16. Corrigan JD. Substance abuse as a mediating factor in oufcome from
fraumatic brain injury. Arch Phys Med Rehabil. 1995;76(4):302-309.

PMID: 7717829.

17. Savola O, Niemeld O, Hillbom M. Alcohol intake and the patftern of trauma in
young adults and working aged people admitted after trauma. Alcohol Alcohol.
2005;40(4):269-273. PMID: 15870091.

18. Mcleod R, Stockwell T, Stevens M, et al. The relationship between alcohol
consumption patterns and injury. Addiction. 1999;94(11):1719-1734.

PMID: 10892010.

19. Orsi C, Ferraro OE, Montomoli C, et al. Alcohol consumption, helmet use and
head trauma in cycling collisions in Germany. Accid Anal Prev.2014;65:97-
104. PMID: 24448470.


https://www.cdc.gov/traumaticbraininjury/pdf/mtbireport-a.pdf
https://cells.83

20. Bombardier CH, Rimmele CT, Zintel H.The magnitude and correlates of
alcohol and drug use before fraumatic brain injury. Arch Phys Med Rehabil.
2002;83(12):1765-1773.PMID: 12474184,

21. Dikmen SS, Machamer JE, Donovan DM, et al. Alcohol use before and affer
fraumatic head injury. Ann Emerg Med. 1995;26(2):167-176.PMID: 7618779.

22. Bombardier CH, Temkin NR, Machamer J, et al. The natural history of drinking
and alcohol-related problems affer fraumatic brain injury. Arch Phys Med
Rehabil. 2003;84(2):185-191. PMID: 12601648.

23. Salim A, Ley EJ, Cryer HG, et al. Positive serum ethanol level and mortality in
moderate fo severe fraumatic brain injury. Arch Surg. 2009;144(9):865-871.
PMID: 19797113.

24. Raj R, Mikkonen ED, Siironen J, et al. Alcohol and mortality affer moderate
fo severe traumatic brain injury: A mefa-analysis of observational studies. J
Neurosurg.2016;124(6):1684-1692. PMID: 26495950.

25. Albrecht JS, Afshar M, Stein DM, et al. Association of alcohol with mortality
after traumatic brain injury. Am J Epidemiol. 2018;187(2):233-241.

PMID: 28641392.

26. Corrigan JD, Bogner JA, Mysiw WJ, et al. Life satisfaction after fraumatic brain
injury. J Head Trauma Rehabil. 2001;16(6):543-555. PMID: 11732970.

27. Bombardier CH, Rimmele CT. Motivational interviewing to prevent alcohol
abuse after traumatic brain injury: A case series. Rehabil Psychol.
1999;44(1):52-67.

28. Booth RE, Grosswiler RA. Correlates and predictors of recidivism among
drinking drivers. Inf J Addict. 1978;13(1):79-88. PMID: 631949.

29. Corrigan JD, Smith-Knapp K, Granger CV. Outcomes in the first 5 years
after fraumatic brain injury. Arch Phys Med Rehabil. 1998;79(3):298-305.
PMID: 9523782.

30. Kreutzer JS, Witol AD, Marwitz JH. Alcohol and drug use among young
persons with fraumatic brain injury. J Learn Disabil. 1996,29(6):643-651.
PMID: 8942308.

31. Ponsford J, Whelan-Goodinson R, Bahar-Fuchs A. Aicohol and drug
use following fraumatic brain injury:A prospective study. Brain Inj.
2007;21(13-14):1385-1392. PMID: 18066940.

32. Corrigan JD, Rust E, Lamb-Hart GL.The nature and extent of substance abuse
problems in persons with fraumatic brain injury. J Head Trauma Rehabil.
1995;10(3):29-46.

33. Adams RS, Larson MJ, Corrigan JD, et al. Frequent binge drinking affer combat-
acquired fraumatic brain injury among active duty military personnel with a
past year combat deployment. J Head Trauma Rehabil. 2012;27(5):349-360.
PMID: 22955100.

34. Sacks AL, Fenske CL, Gordon WA, et al. Co-morbidity of substance abuse and
fraumatic brain injury. J Dual Diagn. 2009;5(3-4):404-417.

35. Corrigan JD, Bogner JA, Mysiw WJ, et al. Systematic bias in outcome studies of
persons with fraumatic brain injury. Arch Phys Med Rehabil. 1997,78(2):132-
137.PMID: 9041892.

36. Taylor LA, Kreutzer JS, Demm SR, et al. Traumatic brain injury and substance
abuse:A review and analysis of the literature. Neuropsychol Rehabil.
2003;13(1-2):165-188. PMID: 21854333.

37. Corrigan JD, Bogner J, Mellick D, et al. Prior history of traumatic brain injury
among persons in the Traumatic Brain Injury Model Systems National

Database. Arch Phys Med Rehabil. 2013;94(10):1940-1950. PMID: 23770276.

38. Bray RM, Pemberfon MR, Hourani LL, et al. Deparfment of Defense Survey of
Health Related Behaviors Among Active Duty Military Personnel:A Component
of the Defense Lifestyle Assessment Program (DLAP). Research Triangle Park,
NC: RTl International; September 2009.

39. Anderson V, Spencer-Smith M, Wood A. Do children really recover better?
Neurobehavioural plasticity after early brain insult. Brain. 2011;134(8):2197-
2221.PMID:21784775.

40. McKinlay A, Grace R, Horwood J, et al. Adolescent psychiatric symptoms
following preschool childhood mild fraumatic brain injury: Evidence from a
birth cohort. J Head Trauma Rehabil. 2009;24(3):221-227. PMID: 19461369.

41. Wu CH,Tsai TH, Su YF, et al. Traumatic brain injury and substance related
disorder: A 10-year nationwide cohort study in Taiwan. Neural Plast.
2016;2016:8030676.PMID: 27774322.

42. llie G, Mann RE, Hamilton H, et al. Substance use and related harms among
adolescents with and without traumatic brain injury. J Head Trauma Rehabil.
2015;30(5):293-301. PMID: 25427256.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

. Weil ZM, Karelina K. Traumatic brain injuries during development: Implications

for alcohol abuse. Front Behav Neurosci.2017;11:135. PMID: 28775682.
Guo J, Hawkins JD, Hill KG, et al. Childhood and adolescent predictors

of alcohol abuse and dependence in young adulthood. J Sfud Alcohol.
2001;62(6):754-762.PMID: 11838912.

0'Jile JR, Ryan LM, Parks-Levy J, et al. Sensation seeking and risk behaviors
in young adults with and without a history of head injury. App! Neuropsychol.
2004;11(2):107-112.PMID: 15477182.

Hoge CW, McGurk D, Thomas JL, et al. Mild traumatic brain injury in

U.S. soldiers returning from Iraq. N Engl J Med. 2008;358(5):453-463.
PMID: 18234750.

Bryant RA, O’Donnell ML, Creamer M, et al. The psychiatric sequelae of
fraumatic injury. Am J Psychiatry.2010;167(3):312-320. PMID: 20048022.
Bryant RA, Marosszeky JE, Crooks J, et al. Posttraumatic stress disorder

after severe fraumatic brain injury. Am J Psychiatfry. 2000;157(4):629-631.
PMID: 10739426.

Bryant RA. Disentangling mild fraumatic brain injury and stress reactions.

N Engl J Med.2008;358(5):525-527. PMID: 18234757.

Bryant R. Post-traumatic stress disorder vs. traumatic brain injury. Dialogues
Clin Neurosci. 2011;13(3):251-262. PMID: 22034252.

Brady KT, Tuerk P, Back SE, et al. Combat posttraumatic stress disorder,
substance use disorders, and fraumatic brain injury. J Addict Med.
2009;3(4):179-188. PMID: 21769015.

Corrigan JD, Cole TB. Substance use disorders and clinical management

of traumatic brain injury and posttraumatic stress disorder. JAMA.
2008;300(6):720-721. PMID: 18698070.

Verma NP, Policherla H, Buber BA. Prior head injury accounts for the
heterogeneity of the alcohol-epilepsy relationship. Clin Electroencephalogr.
1992;23(3):147-151. PMID: 1628408.

Baguley IJ, Felmingham KL, Lahz S, et al. Alcohol abuse and traumatic

brain injury: Effect on event-related potentials. Arch Phys Med Rehabil.
1997,78(11):1248-1253. PMID: 9365356.

Guskiewicz KM, McCrea M, Marshall SW, et al. Cumulative effects associated
with recurrent concussion in collegiate foothall players: The NCAA Concussion
Study. JAMA. 2003;290(19):2549-2555. PMID: 14625331.

Vaaramo K, Puljula J, Tetri S, et al. Head trauma sustained under the influence
of alcohol is a predictor for future traumatic brain injury: A long-term follow-up
study. Eur J Neurol. 2014;21(2):293-298. PMID: 24237603.

Oddy M, CoughlanT,Tyerman A, et al. Social adjustment after closed head
injury: A further follow-up seven years after injury. J Neurol Neurosurg
Psychiatry.1985;48(6):564-568. PMID: 4009193.

Maier RV. Ethanol abuse and the trauma patient. Surg Infect (Larchmt).
2001;2(2):133-144. PMID: 12594868.

He J, Crews FT.Increased MCP-1 and microglia in various regions of the
human alcoholic brain. Exp Neurol. 2008;210(2):349-358. PMID: 18190912.
Jorge RE, Starkstein SE, Arndt S, et al. Alcohol misuse and mood disorders
following traumatic brain injury. Arch Gen Psychiafry. 2005;62(7):742-749.
PMID: 15997015.

Teasdale TW, Engberg AW. Suicide after fraumatic brain injury: A population
study. J Neurol Neurosurg Psychiatry. 2001,71(4):436-440. PMID: 11561024,
Juengst SB,Adams LM, Bogner JA, et al. Trajectories of life satisfaction

after traumatic brain injury: Influence of life roles, age, cognitive disability,
and depressive symptoms. Rehabil Psychol. 2015;60(4):353-364.

PMID: 26618215.

Ellerd DA, Moore SC. Follow-up at twelve and thirty months of persons with
fraumatic brain injury engaged in supported employment placements. J App!
Rehab Counsel. 1992;23(3):48-50.

Back SE, Brady KT, Sonne SC, et al. Symptom improvement in co-occurring
PTSD and alcohol dependence. J Nerv Ment Dis. 2006;194(9):690-696.
PMID: 16971821.

Petrakis IL, Poling J, Levinson C, et al. Naltrexone and disulfiram in patients
with alcohol dependence and comorbid post-traumatic stress disorder.

Biol Psychiatry.2006;60(7):777-783. PMID: 17008146.

Diaz-Arrastia R, Kochanek PM, Bergold P, et al. Pharmacotherapy of
traumatic brain injury: State of the science and the road forward: Report

of the Department of Defense Neurofrauma Pharmacology Workgroup.

J Neurotrauma. 2014;31(2):135-158. PMID: 23968241.

AUD and Traumatic Brain Injury | 179



67.
68.
69.
70.
71.
72.
73.

74.

75.

180 ‘ Alcohol Research: Current Reviews | Vol 39 No 2 | 2018

Ballesteros J, Gliemes |, Ibarra N, et al. The effectiveness of donepezil for
cognitive rehabilitation after fraumatic brain injury: A systematic review. J Head
Trauma Rehabil. 2008;23(3):171-180. PMID: 18520431.

Lombardi F. Pharmacological freatment of neurobehavioural sequelae

of fraumatic brain injury. Eur J Anaesthesiol Suppl. 2008;42:131-136.

PMID: 18289430.

Robinson TE, Berridge KC.The neural basis of drug craving: An incenfive-
sensitization theory of addiction. Brain Res Rev. 1993;18(3):247-291.

PMID: 8401595.

Wood RL, McHugh L. Decision making after traumatic brain injury: A temporal
discounting paradigm. J Int Neuropsychol Soc.2013;19(2):181-188.

PMID: 23298735.

Bechara A, Damasio AR, Damasio H, et al. Insensitivity to future consequences
following damage fo human prefrontal cortex. Cognition. 1994;50(1-3):7-15.
PMID: 8039375.

Ponsford J, Tweedly L, Taffe J.The relationship between alcohol and cognitive
functioning following fraumatic brain injury. J Clin Exp Neuropsychol.
2013;35(1):103-112. PMID: 23339581.

Weil ZM, Corrigan JD, Karelina K. Alcohol abuse after fraumatic brain injury:
Experimental and clinical evidence. Neurosci Biobehav Rev. 2016,62:89-99.
PMID: 26814960.

Bjork JM, Grant SJ. Does fraumatic brain injury increase risk for substance
abuse? J Neurofrauma. 2009;26(7):1077-1082. PMID: 19203230.

Weil ZM, Karelina K, Gaier KR, et al. Juvenile fraumatic brain injury

increases alcohol consumption and reward in female mice. J Neurotfrauma.
2016;33(9):895-903. PMID: 26153729.

76.

77.

78.

79.

80.

81.

82.

83.

Loane DJ, Kumar A. Microglia in the TBI brain:The good, the bad, and the
dysregulated. Exp Neurol. 2016;275(pt 3):316-327.PMID: 26342753.
Karelina K, Gaier KR, Prabhu M, et al. Binge ethanol in adulthood exacerbates
negative outcomes following juvenile fraumatic brain injury. Brain Behav
Immun.2017;60:304-311. PMID: 27845195.

Blednov YA, Benavidez JM, Geil C, et al. Activation of inflammatory signaling by
lipopolysaccharide produces a prolonged increase of voluntary alcohol intake
in mice. Brain Behav Immun. 2011;25(suppl 1):592-S105. PMID: 21266194.
Blednov YA, Ponomarev |, Geil C, et al. Neuroimmune regulation of alcohol
consumption: Behavioral validation of genes obtained from genomic studies.
Addict Biol.2012;17(1):108-120. PMID: 21309947.

Karelina K, Nicholson S, Weil ZM. Minocycline blocks fraumatic brain
injury-induced alcohol consumption and nucleus accumbens inflammation
in adolescent male mice. Brain Behav Immun. 2018;69:532-539.

PMID: 29395778.

Felger JC, Miller AH. Cytokine effects on the basal ganglia and dopamine
function: The subcortical source of inflammatory malaise. Front
Neuroendocrinol.2012;33(3):315-327. PMID: 23000204.

Martinez D, Gil R, Slifstein M, et al. Alcohol dependence is associated with
blunted dopamine transmission in the ventral striatum. Biol Psychiatry.
2005;58(10):779-786.PMID: 16018986.

Karelina K, Gaier KR, Weil ZM.Traumatic brain injuries during development
disrupt dopaminergic signaling. Exp Neurol.2017;297:110-117.

PMID: 28802560.





