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The word “alcohol” often conjures up positive feelings and
associations with fun, socializing, relaxing, and partying.

Yet there is another side to drinking alcohol, especially with
risky, hazardous levels of consumption. This side is associated
with distress and may include anxiety, loneliness, pain, and
depressive symptoms.! This has been labeled the “dark side,” or
“negative emotional, stress side,” of alcohol intake.? These two
paradoxical, dialectically opposing alcohol experiences map
onto the biphasic drug effects of alcohol, with alcohol being
both a stimulant and a depressant drug. They also represent a
shift from positive to negative situations that may drive alcohol
intake, especially as alcohol intake increases from low or
moderate “social” levels of drinking to binge, heavy, and chronic
consumption. The National Institute on Alcohol Abuse and
Alcoholism (NIAAA) defines drinking in moderation as an intake
of two drinks or less per day for men and one drink or less per
day for women. Binge drinking is generally defined as five or
more drinks per occasion for men and four or more drinks per
occasion for women. Heavy drinking is generally defined as
more than four drinks per day or more than 14 drinks per week
for men and as more than three drinks per day or more than
seven drinks per week for women.3

One aspect of the research the author has conducted with
the support of NIAAA, and which is the topic of this article, has
focused on identifying the physiological and neural effects,
as well as the subjective and cognitive effects, of binge and
chronic alcohol use. This research also has explored the factors
that influence these effects and investigated whether these
effects can be reversed or normalized to allow for recovery
from any of the long-term changes that occur with binge and
chronic alcohol misuse.

The worldwide coronavirus (COVID-19) pandemic s a
chronic, ongoing stressor. Research has shown that alcohol
consumption has increased significantly during this period,
especially among individuals who regularly binge drink or drink
heavily.#*> While onsite alcohol sales were down as businesses
closed, e-commerce profits increased more than 30% during the
COVID-19 pandemic.*> Who is most susceptible to increased
drinking episodes during COVID-19-related stress? This
question highlights the need to understand the well-known
bidirectional relationship between stress or trauma and alcohol
intake, and why those with binge and chronic alcohol use are
most vulnerable to increased alcohol use under high levels of
stress and with traumatic exposure.

This article reviews human research investigating
neurobiological and psychological changes related to alcohol
misuse that are associated with greater distress and stress-
related alcohol craving and their role in predicting risk of
binge drinking, relapse, and impact on treatment outcomes.
The author presents the effects of stress and trauma on brain
stress responses and their associations with resilient coping
and describes the impact of binge and chronic alcohol use
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on brain and peripheral stress responses and their role in
promoting alcohol craving and relapse risk. Specific clinical and
biobehavioral markers of both risk of developing alcohol use
disorder (AUD) and relapse are also reviewed. Finally, the article
discusses recent findings on treatments that focus on reversing
stress and craving disruptions related to chronic alcohol misuse
to improve treatment outcomes.

Alcohol and Stress—Shift From
Positive to Negative Effects

It is well known that one or two standard alcoholic drinks have
a stimulating and physiologically arousing effect; for example,
heart rate increases acutely, and blood pressure changes have
been documented. These responses are part of the autonomic
nervous system readouts that occur with alcohol intake, but also
are observed in challenging situations such as when faced with
acute stressful life events.®” The arousing response to alcohol
is associated with a sense of feeling energized and stimulated
as well as increases in sociability. With increasing levels of
alcohol intake in one sitting, however, alcohol also stimulates
the hypothalamic-pituitary-adrenal (HPA) axis, and increases
in cortisol are observed.®? Alcohol also activates brain emotion
and stress pathways, including the amygdala, under emotional
arousing and stressful states.’®!! In addition, acute alcohol use
stimulates the brain cortico-striatal pathways involved in reward,
motivation, and goal-directed behaviors. These include the
ventral and dorsal striatum, the orbitofrontal cortex (OFC), and
the ventromedial prefrontal cortex (VmPFC).1°*3 The emotion/
stress pathway and the reward/motivation pathways closely
interact, and such interactions are involved in emotional cue-
related drinking motivation.*%*2

Binge and hazardous alcohol drinking patterns are associated
with well-documented changes both in the brain stress and
emotion regions, such as the amygdala,®'2 and in associated
brain networks, including the ventral and dorsal striatum as well
as the OFC, VmPFC, and dorsolateral prefrontal cortex.>121415
These brain changes are associated with blunted autonomic and
cortisol responses to stress and to acute alcohol intake,®® as well
as with increases in negative emotional and stress responses and
greater alcohol craving.®?4 Together, these changes are part
of the psychobiological adaptations in humans that occur with
increasing patterns of binge and hazardous alcohol intake.

Stress, Alcohol Craving, and Binge Alcohol Intake
Acute stress exposure stimulates the autonomic, endocrine, and
brain emotion and motivation regions that process and regulate
negative emotion and distress responses, and it also activates
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stress coping.®'218 Additionally, acute stress exposure increases
physiological arousal, including cortisol responses, and activates
brain stress pathways involved in emotional arousal, emotional
learning, and memory. This activation occurs via circuits
involving the hypothalamus, amygdala, hippocampus, insula,
and prefrontal regions, including the OFC, VmPFC, and inferior
frontal cortices. Also activated is the premotor supplementary
motor area, which is involved in behavioral intent, response
selection, and action.®®? Previous studies reported that there
are dynamic time-dependent changes in the cortico-striatal
regions involving the ventral and dorsal striatum and the VmPFC
during stress versus non-stress conditions; these changes
were associated with active, goal-directed stress coping.®
Additionally, greater dynamic responses in these brain stress-
reward pathways were associated with lower daily numbers
of alcoholic drinks consumed, lower reports of emotional
conflicts, and lower emotional eating, whereas blunted ventral
striatum and VmPFC responses during stress were associated
with greater reports of binge drinking, emotion dysregulation,
and emotional eating.’® Based on these findings, the dynamic
neural responses in the striatum and VmPFC are thought to
document neurophysiological flexibility during stress, and their
associations with behavioral coping suggest that this circuit is
part of the resilient stress-coping pathway involved in behavioral
control and self-regulation of stress, emotions, and reward
impulses.®®

These adaptations to alcohol also vary by sex, as
fundamental differences between men and women exist in
brain organization, structure, and functional networks? as
well as in the responses of brain stress, emotion, and reward
regions?! and in patients with cocaine use disorder.?> Moreover,

A Baseline Cortisol Levels =]

Cortisol Response to Cues C)
Prior to Alcohol Consumption

sex differences in the responses to stress and to alcohol-

related stimuli have been documented in people who drink
moderately. Unlike in animal studies, males in human studies
show greater adrenocorticotropic hormone (ACTH) and cortisol
responses to stress,?® whereas females show higher autonomic
physiologic arousal to stress; a greater response to stress

cues in the amygdala, insula, OFC, and VmPFC; and greater
VmPFC response to alcohol cues.?*28 This suggests that the
psychological and biological responses to alcohol and to stress
vary by sex and that although men and women report similar
levels of alcohol motivation when matched for recent drinking
history, the psychological and neurobiological pathways that
facilitate alcohol use are different for men and women who drink
moderately.

Regardless of sex, repeated escalated alcohol use induces
changes in both peripheral and brain stress systems.>121¢
Higher binge levels of alcohol use increase basal cortisol levels
and blunt the peripheral stress responses; these changes also
predict greater craving and behavioral motivation for alcohol
use in people who binge drink or drink heavily (see Figure 1).87
Additionally, changes in the amygdala responses to emotional
cues and ventral striatal responses to alcohol have been
reported with higher binge levels of alcohol use.’*?? Along
with these neural changes, increased salience of alcohol and
greater alcohol craving levels have been observed in response
to stress as well as in response to alcohol and to alcohol cues,
which then promote increased alcohol intake and escalation to
risky drinking.®1>” These brain stress system, physiologic, and
behavioral effects of binge drinking history need to be further
examined by sex to better understand the recent data on greater
escalation of binge drinking in women compared to men.%°

Alcohol Consumption vs.
Cortisol Levels in Binge/Heavy
Drinkers After Stress

20 — 8.0
- — - M Moderate Drinkers - 12 - ° %
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Figure 1. Baseline cortisol levels and responses to stress differ between moderate drinkers and binge/heavy drinkers. (A) Fasting
morning plasma levels of cortisol (ug/dL) were higher in binge/heavy drinkers (orange bars) compared to moderate drinkers (blue bars)
(***p <.001). (B) Cortisol responses to stress and alcohol cues, but not to neutral cues, were blunted in binge/heavy drinkers compared
with moderate drinkers (**p < .01). (C) In binge/heavy drinkers, the behavioral motivation for alcohol use as reflected in the amount of
alcohol consumed post stress in an ad lib drinking task was greater in individuals with a more blunted cortisol response to stress (r?=.11,

p =.0022). Source: Adapted with permission from Blaine et al. (2019).2
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Effects of Stress and Trauma on Brain Pathways
and AUD Risk

Stress and trauma are associated with greater levels of risky
alcohol intake as well as greater severity of AUD.* Numerous
different types of traumatic stress and life events as well some
temperament and individual-level variables relate to risk of binge
drinking and developing AUD (see Table 1). Exposure to repeated
stress and trauma also contributes to changes in the brain and
body’s responses to stress and emotions as well as to changes in
alcohol motivation and adaptive coping responses.

Greater levels of cumulative adversity, stressful life events,
and trauma are associated with lower brain volume and greater
negative emotion and subjective stress responses. They
also are associated with dysregulated neural and peripheral
physiological responses to stress and to alcohol cues in the
brain regions involved in stress, emotion, reward regulation,
and self-control, including the OFC, VmPFC, supplementary
motor area, amygdala, insula, and striatum.3*-*3 Furthermore,
altered or blunted ACTH and cortisol and autonomic responses
to stress and to alcohol and drug cues are observed with greater
trauma or stress.'?3 These stress- and trauma-related brain
and peripheral alterations co-occur alongside emotional and
behavioral dysregulation and higher alcohol motivation. As a
result, people with more risky drinking exposed to stress or
trauma are at greater risk of emotion dysregulation as evidenced

by more arguments, fights, emotional eating, and higher
maximum drinks consumed per occasion (see Figure 2).18:34

Several interacting brain networks are activated during stress,
including those involved in emotion experiences (e.g., amygdala,
insula), emotional memory (e.g., amygdala, hippocampus), reward
and motivation regions (e.g., ventral and dorsal striatum), and
goal-directed behavior (e.g., OFC, VmPFC).13181921.29 These
regions form networks and patterns of activation that enable
emotional and motivational coping, and both stress and alcohol
directly act on these networks to influence active coping,
motivation, and flexible control of behavior, such as exercising
self-control with drinking. The accumulating evidence shows
that stress and trauma exposure alter these emotional and
motivational responses involved in adaptive stress coping, such
that people become more vulnerable to craving and consuming
higher levels of alcohol, which increases risk of hazardous and
risky drinking.

The research described above resulted in the development
of amodel explaining the role of glucocorticoids in drinking
behavior on the basis of changes in peripheral cortisol levels
and responses across the full spectrum of alcohol consumption
levels.® At baseline, people who binge drink or drink heavily have
higher cortisol levels than those who drink moderately (see
Figure 1A), indicating a shift in HPA axis functioning. This also
suggests possible changes in brain glucocorticoid pathways in

Table 1. Types of Adverse Life Events, Trauma, Chronic Stressors, and Individual-Level Variables Predictive of Addiction Risk

Adverse Life Events Childhood and Life Trauma Chronic Stressors Stressful Internal States

e Loss of parent * Physical neglect

e Parental divorce and
conflict

¢ Physical abuse by parent,
caretaker, family member,

spouse, or significant other

¢ |solation and
abandonment e Emotional abuse and
neglect

¢ Single-parent family
structure e Sexual abuse

* Forced to live apart from

parents

* Rape

¢ Victim of gun shooting or
* Loss of child by death or other violent acts
removal
e Observing violent
* Unfaithfulness of victimization
significant other

¢ Loss of home to natural
disaster

e Death of significant other
or close family member

Source: Included with permission from Milivojevic & Sinha (2018).%7
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¢ Hunger or food
deprivation

e Being overwhelmed

* Unable to manage life
problems * Food insecurity
« Difficulties with job, living * Extreme thirst
situation
e Sleep deprivation or
* Financial problems insomnia
* Extreme hypothermia or

hyperthermia

* Interpersonal conflicts,
loneliness

e Unfulfilled desires * Excessive druguse
e Problems with children ¢ Drug withdrawal states
¢ lliness of loved ones e Chronicillness
* Negative emotionality

* Poor behavioral control

* Poor emotional control

ALCOHOL RESEARCH current Reviews



humans that may increase risk of hazardous drinking. As stated
earlier, alcohol consumption stimulates cortisol release; however,
inresponse to either stress or alcohol exposure, the increase

in cortisol is lower in people who binge drink or drink heavily
than in those who drink moderately. Thus, when given one
standard alcoholic drink, those drinking at binge levels do not
feel its effects as robustly as do people who drink moderately.8?
As cortisol is critical for survival, humans have well-preserved
neurobehavioral signals with the brain stress system pathways*?
that seek to enhance cortisol release in response to stress. In
people with blunted cortisol responses due to heavy drinking,
this mechanism may signal greater motivation for alcohol to

increase alcohol-related cortisol responses.’ Thus, there is a
neurophysiologic drive to enhance wanting alcohol in order to
increase cortisol and HPA axis functioning in people who drink
heavily. This disruption in alcohol-related cortisol signaling
and the need to drive the homeostatic HPA axis rhythm back
to functional levels may be one component of the enhanced
motivation for alcohol in those who drink alcohol at binge and
heavy levels. This conceptual model suggests that normalizing
the brain and body’s stress and motivational coping responses
may reduce risk of hazardous drinking. Researchers are
seeking to develop and evaluate novel strategies to achieve this
normalization and to reduce the risk of heavy drinking.

Dynamic Brain Changes During Stress

Resilient Coping
VmPFC

Risky Coping
VmPFC

VmPFC Activation VmPFC Activation VmPFC Activation and
and Copin and Drinking Levels Emotional Dysregulation
E' ping gl 05 g gl .5 ysreg
R2=0.22, p=0.01 ° R?=0.36, p < 0.007 R2=0.26, p <0.005
2.
2.01
) = T @ 1.0- T
; ; 1.54 ;
o & i T T
1.0
£ £ £ 05
0.51
1 [ ]
) ) ) ) ) ) 00 00'
8 10 12 14 16 Low Medium High Low Medium High
(0-3) (4-5) (6+) (Never)  (1-6/year) (1-4/month)

Active Coping Score

Maximum # of Alcoholic
Drinks/Occasion

Frequency of
Arguments/Fights

Figure 2. Associations between brain stress responses and resilient coping. (A) Dynamic activation in the ventromedial prefrontal cortex
(VmPFC) during stress challenge (represented by red and yellow) was a sign of resilient coping, whereas a lack of dynamic changes in

the VmPFC during stress, suggesting inability to mobilize during stress, was a sign of risky coping. (B) Greater dynamic activation of the
VmPFC was associated with greater self-reported active coping. (C) Lack of dynamic activation of the VmPFC was more pronounced in
binge drinkers. (D) Greater emotional dysregulation (measured by greater frequency of arguments or fights) also was associated with less
dynamic activation of the VmPFC. Source: Adapted with permission from Sinha et al. (2016).18
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Effects of Stress and Alcohol Cues
in AUD

Researchers also have investigated the role of stress biology and
stress responses in people with AUD. Chronic heavy drinking

or binge drinking increases the risk of disrupted alcohol-related
autonomic and HPA axis responses as described in previous
sections. These disruptions contribute to clinical symptoms
associated with the negative emotional side of AUD,* such as
increased levels of anxiety, negative mood, sleep difficulties,
emotional reactivity, and impulsivity, along with high levels of
craving for alcohol.*® Furthermore, these disruptions increase
therisk of relapse and heavy drinking during treatment and
posttreatment, thereby jeopardizing long-term recovery.3¢37
Alcohol relapse refers to return to heavy drinking (at binge levels)
after any period of abstinence, whereas treatment failure refers
to maintaining or returning to binge and hazardous drinking
levels during or after treatment.® These observations have led
researchers to investigate which factors contribute to early risk
of dropout and recovery failure during treatment.

A series of studies assessed brain and body responses as
well as cognitive, emotional, and motivational responses to
both stress and alcohol cues in a laboratory study of human
participants with AUD who were entering treatment and control
participants without AUD. The analyses also included structural
and functional magnetic resonance imaging as well as real-
world daily assessment of stress and motivational responses
using smartphones. These analyses using multiple approaches
across different samples of individuals with AUD found that
stress exposure increased alcohol craving. This response was
accompanied by higher emotional, mood, and anxiety symptoms
and lower ability to regulate emotions and control alcohol
cravings.®>%” Furthermore, the biological stress response was
significantly disrupted during the early recovery period. Thus,
individuals in early recovery exhibited a higher basal heart rate
and higher free cortisol levels, but lower levels of endogenous
bound cortisol. Additionally, these individuals did not show a
significant normal response to stress or alcohol challenge.é%”
Thus, the biological responses that support emotion and mood
regulation are disrupted during this early recovery phase,
and the greater these levels of dysfunction, the higher the
risk of relapse or heavy drinking. Notably, sex differences in
these biological responses have been reported, where women
with AUD showed a more blunted ACTH and cortisol level
than men with AUD; however, women had much higher basal
norepinephrine levels, which in turn affected their response to
stress and to alcohol cues.?¢%

Another series of experiments examined brain correlates of
later alcohol relapse and treatment failure. These analyses found
that the volume of gray matter cells in the medial prefrontal brain
regions—which are involved in regulating emotions, reward,
and actions—was lower among individuals entering treatment

Vol 42 No 12022

compared with healthy control participants.** Also, individuals
with the lowest gray matter volume in the medial prefrontal
brain region tended to be most likely to relapse and not do well
in treatment.®” Analyses assessing the function of these brain
regions during experimental exposure to stress and to alcohol
cues (compared to neutral cues) detected disrupted, hyperactive
VmPFC responses to neutral relaxing cues, but blunted,
hypoactive VmPFC responses to stress and cue exposure. These
observations suggest that the brain pathways that help regulate
emotions and desires showed dysfunction and that the greater
the VmPFC disruption, the higher the risk of alcohol relapse and
heavy drinking.#04

The studies described above have led to the characterization
of arisk profile to identify individuals who are most vulnerable
for alcohol relapse and heavy drinking during treatment. Thus,
risk was determined by specific clinical measures—such as
alcohol craving and withdrawal,*>** mood, anxiety, and sleep
difficulties—and biological markers3” as well as by additional
moderating factors, including childhood maltreatment
(see Table 2).* Furthermore, this research supported the
conceptualization that the effects of binge drinking and chronic
alcohol use on stress biology occur along a continuum, with
higher levels of alcohol intake associated with more significant
chronic stress pathophysiology, which in turn contributes to
greater risk of alcohol relapse and treatment failure.®®

AUD Treatments Targeting Stress,
Craving, and Loss of Control of
Alcohol Intake

Critical basic science and translational work by Koob and
colleagues* had focused on stress pathophysiology to develop
novel therapeutics for AUD. Similarly, the findings described
above motivated additional research to evaluate whether reversal
of the chronic alcohol-related disruptions in stress psychobiology
that are associated with increased alcohol craving and relapse risk
could improve treatment and treatment outcomes for individuals
most vulnerable to alcohol-related stress pathophysiology.
Previous research by Arnsten had shown that noradrenergic
agents such as guanfacine and prazosin could rescue the
prefrontal cortex from the toxic effects of high uncontrollable
stress.*¢ Because the effects of chronic alcohol exposure are
similar to those of high chronic stress, it seemed plausible that
pharmacologic targets that reduce prefrontal norepinephrine and
the toxic effects of stress-related damage also could be of benefit
inimproving the stress and craving-related pathology associated
with AUD. Studies to test these hypotheses have shown positive
results. Guanfacine, an alpha-2 adrenergic agonist that reduces
brain norepinephrine in the prefrontal cortex, improved
prefrontal functioning and reduced alcohol and drug craving.*”48
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Table 2. Markers and Moderators Associated With Relapse to Alcohol Use and Treatment Failure in Alcohol Use Disorder (AUD)

Clinical and Biological Markers Moderating Factors

¢ Increased levels of alcohol craving

 High early physical, sexual, emotional abuse and trauma
history

» High basal beat-by-beat heart rate and blunted autonomic
response to stress and cues

e Altered bound and free fasting morning cortisol levels, and
adrenal sensitivity

¢ Blunted and hypoactive cortisol response to stress

* Lower medial prefrontal gray matter volumes in magnetic
resonance imaging

¢ Blunted medial prefrontal cortex response to stress and alcohol

cues

e Hyperactive striatal responses to alcohol cues

Furthermore, guanfacine had some sex-specific effects, with
greater benefits in women than in men.#%°0

Similarly, prazosin—an alpha-1-adrenergic antagonist that
had been shown to improve working memory and prefrontal
functioning during stress*¢ as well as withdrawal-related
drinking in laboratory animals®*—reduced stress-related
craving and stress dysfunction in AUD.52°% Based on these
findings, an NIAAA-supported, 12-week proof-of-concept,
double-blind, placebo-controlled, randomized trial of prazosin
versus placebo (16 mg/day, three times a day dosing, titrated
over 2 weeks) was conducted with 100 individuals with AUD.
The study found that alcohol withdrawal symptoms were a
moderating factor impacting prazosin efficacy in improving
drinking outcomes over 12 weeks; that is, prazosin treatment
benefit was determined by the presence of alcohol withdrawal
symptoms at treatment entry. Thus, individuals with more
severe alcohol withdrawal symptoms at treatment initiation
experienced greater reductions in heavy drinking days and
drinks per occasion during the 12-week treatment period.>*
In addition, prazosin reduced alcohol craving, anxiety, and
negative mood compared with placebo in participants with
high alcohol withdrawal symptoms, but had no impact in those
with no or low levels of alcohol withdrawal symptoms. Finally,
prazosin appeared to reverse VmPFC and dorsal striatal
dysfunction, improving medial prefrontal response to stress and
reducing dorsal striatal response to alcohol cues in participants
treated with prazosin compared with those receiving placebo.>®
These findings support further development of prazosin in the
treatment of severe AUD. However, they also underscore the
need to pursue further research to identify behavioral and
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e AUD severity, including life span factors of early or late
AUD; acute withdrawal symptoms, including anxiety,
sleep, and negative mood; alcohol abstinence days

e Early physical, sexual, and emotional abuse and
lifetime traumas; chronic stress; and trauma-related
pathophysiology

 Sex differences and gender-related comorbid
psychopathology and medical conditions

* Genetic and pharmacogenomic effects

pharmacologic strategies to prevent and treat chronic alcohol
effects on stress pathophysiology in AUD.

Conclusions

This article summarizes research by the author’s group
demonstrating that binge, heavy, and chronic drinking leads
to adaptations in brain, biological, and psychological stress
responses. These adaptations are associated with alcohol’s
negative emotional aspects, as evidenced by greater alcohol
craving, higher alcohol withdrawal, greater negative mood and
anxiety symptoms, as well as sleep difficulties that are commonly
reported by individuals with AUD entering treatment. These
changes occur in brain stress, reward, and motivation pathways
that represent the stress pathophysiology of AUD. This stress
pathophysiology directly targets brain circuits that underlie
people’s ability to cope with stress and day-to-day challenges and
are involved in jeopardizing recovery from AUD.

This research also has identified various clinical and
biobehavioral markers that are associated with relapse
and treatment failure and has allowed for identification of
individuals who may be at greatest risk of treatment failure.
Additionally, identification of these markers has led to research
seeking to develop new strategies to target and reverse the
stress pathophysiology of AUD to optimize interventions for
AUD. Current and future work is focused on developing and
testing specific treatments that can target this particular stress
pathophysiology and help individuals who are most vulnerable to
jeopardizing their recovery in the early phase of AUD treatment.
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THE ROLE OF STRESS, TRAUMA,
AND NEGATIVE AFFECT IN
ALCOHOL MISUSE AND ALCOHOL
USE DISORDER IN WOMEN

Maria Isabel Barros Guinle' and Rajita Sinha'

Yale Stress Center, Yale School of Medicine, New Haven, Connecticut

Recent evidence indicates that the United States is facing a public health crisis of alcohol
misuse and alcohol use disorder (AUD), which has been fueled in part by dramatic rises in
binge and heavy drinking and prevalence of AUD in women. Historically, alcohol misuse and
AUD have been more prevalent in men than in women. However, recent evidence on data
from the past decade shows increases in AUD prevalence rates that are associated with
substantially higher binge and heavy drinking and AUD prevalence in women compared to
men. This paper first addresses the key roles of stress, trauma, childhood maltreatment,
negative affect, and mood and anxiety disorders; sex differences in the presentation of
these psychosocial and psychological factors; and their contributions to alcohol misuse,
escalation to binge and heavy drinking, and transition to AUD in women. Also examined are
potential central and peripheral biological mechanisms by which stressors and traumatic
experiences, as well as chronic stress states—including depression and anxiety—may
facilitate differential pathways to alcohol misuse, escalation, and transition to AUD in women.
Finally, this paper discusses major gaps in the literature on sex differences in these areas
as well as the need for greater research on sex-specific pathways to alcohol misuse and
transition to AUD, so as to support a more comprehensive understanding of AUD etiology
and for the development of new strategies for prevention and treatment of alcohol misuse
and AUD in women.

KEY WORDS: girls and women; sex differences; early trauma; child maltreatment; alcohol
craving
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INTRODUCTION

There has been a global increase in alcohol misuse
and rates of alcohol use disorder (AUD) over the
last two decades.' Recent substantial increases in
the United States come from dramatic rises in the
prevalence of alcohol misuse and AUD in women
relative to men (women, 84% increase; men, 35%
increase).? This dramatic rise stems from increases
in hazardous and binge drinking in girls during
adolescence as well as in women.? Even though
alcohol misuse and AUD are more prevalent in
men than in women, there are no sex differences
in prevalence of alcohol use during adolescence.*
These increases are especially alarming given the
fact that women tend to experience greater alcohol-
related health problems than do men.’ This article
focuses on the roles of stress, trauma, childhood
maltreatment, negative affect, and mood and
anxiety disorders and their contributions to the
increases in alcohol misuse, escalation of binge and
heavy drinking, and transition to AUD in women.
Although there are likely additional genetic and
social factors and related mechanisms that may
contribute to specific risks of binge drinking

and AUD in women, a review of this literature

is beyond the scope of this review. Rather, this
article focuses on the psychosocial and biological
processes by which stress, trauma, negative affect,
and mood and anxiety disorders increase the risk
of binge and heavy drinking, AUD, and relapse.

PSYCHOSOCIAL FACTORS
INVOLVED IN THE ONSET
AND PREVALENCE OF AUD
IN WOMEN

Women in the United States are largely
overrepresented in stress-related psychopathology
rates,® and stress along with drug-related
environmental cues are among the most important
risk factors driving alcohol seeking, maintenance,
and relapse.” Studies suggest that men and women
differ in risk trajectories for the development of
AUD and in AUD-related health consequences.?

Alcohol Research: Current Reviews

For example, women are more likely than men
to experience certain types of stressors, such

as sexual trauma,’ and higher levels of stress
have been shown to increase alcohol misuse and
AUD vulnerability." Also, women demonstrate
a significantly “more rapid and risk-oriented
path to compulsive drug seeking,”!! pointing to a
significant need to understand sex differences in
risk for AUD development and maintenance in
order to develop novel prevention and treatment
approaches for AUD in women.

Psychosocial Factors of Early Trauma,
Maltreatment, and Adversity

Early trauma, maltreatment, and cumulative
adversity are psychosocial stress factors that
have long been associated with alcohol misuse,
development of AUD, AUD maintenance, and
relapse.!” Both boys and girls face physical and
emotional abuse and neglect, sexual abuse, and
cumulative adversity stemming from specific
adverse childhood experiences such as substance
use and mental health problems in the home,
parental discord, and divorce, which are each
associated with greater alcohol initiation in
childhood."”” However, girls and women face
significantly higher rates of childhood sexual
abuse and violent victimization."* Notably, higher
rates of sexual abuse and violent victimization,
especially in girls and women, are factors that
produce the highest odds ratios for association
with heavy drinking, drinking to cope with
negative affect, and development of AUD.!%12:14

Sex Differences in Stress Factors, Early
Onset Alcohol Misuse, and AUD

An extensive number of studies point to a positive
association between negative affect, trauma,
adversity, and chronic stress and vulnerability

in developing AUD. Recent studies have shown
that girls who report a history of abuse before
adulthood are more vulnerable to developing
AUD." Other studies have found that adolescents
who face a number of negative life events

show increased levels of drug use (and misuse)
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compared to those who do not face these adverse
events.”!’ Exposure to early life stress may be
especially harmful for women, who are exposed
to more high-impact trauma (e.g., sexual abuse)
than men are, and at a younger age.'® Thus, early
trauma and chronic adversity both may increase
vulnerability to alcohol use initiation, as well as
maintenance, especially in girls. However, it is
important to consider estimation biases, as women
may be more likely to endorse stressful life events;
thus, the contribution of these factors to binge
drinking and AUD risk among women may be
influenced by such estimation biases.

A study by Cheng and Anthony conducted
between 2006 and 2014 assessed the dates of
first full drink and first heavy drinking episode
in around 33,000 females and males (ages 12 to
21) in the United States who had their first heavy
drinking episode within the past 24 months.!
Their findings revealed that, among adolescents
who started to drink between ages 11 and 14,
females progressed to a heavy drinking episode
more quickly than males. This suggests that when
drinking starts before age 15, females are at greater
risk than males of progressing to a heavy drinking
episode. When considered with the information
that girls are more likely than boys to suffer
sexual abuse before age 18, these findings raise the
possibility that sexual abuse and other trauma, and
victimization-related increases may contribute to
increased risk of alcohol misuse and development
of AUD in women."” However, the specific
contribution of these factors to the development of
AUD in women needs to be further explored.

PSYCHOLOGICAL ASPECTS
OF STRESS AND TRAUMA
EFFECTS ON AUD

IN WOMEN

Experiencing stress, trauma, and adversity
activates psychological processes of cognitive,
affective, and behavioral emotion regulation
and self-control to cope with and adapt to
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such negative life circumstances. During
adolescence and young adulthood, emotion
regulation becomes particularly relevant
because of the rapid brain changes in regions
associated with regulating emotion, stress,
reward, and higher-order cognitive functioning;
such changes underlie the significant biological
and psychological changes that boys and girls
undergo throughout adolescent development.'®
Alcohol experimentation occurs frequently
during adolescence and young adulthood, and
there is a higher risk for the development of AUD
or substance use disorder during this time."”
Findings indicate that exposure to early trauma
and life stressors is associated with greater
difficulties in emotional experiences, behavioral
control, executive function, and decision-making,
which contribute to behavioral control of alcohol
intake, and thus could be one pathway that
contributes to early onset of alcohol intake and
risk of alcohol and substance use disorders.'*"”
Discussed below are the sex differences and
impact of negative affect, mood and anxiety
symptoms, and post-traumatic stress disorder
(PTSD) and their contribution to development of
binge and heavy drinking and AUD in women.

Negative Affect and Alcohol Intake
Negative affect is broadly defined as a state

of emotional distress, and is associated with
unpleasant feelings, such as anxiety, fear, anger,
irritability, and sadness. Repeated and cumulative
exposure to stress, trauma, adversity, and
maltreatment is associated with greater levels of
negative affect, anxiety, and depressed mood.
Past literature suggests that women report more
negative affect compared to men,*® and higher
negative affect has been linked to greater emotion
dysregulation and associated with affective,
anxiety, and substance use disorders.!®?! A
previous experimental study exposed healthy
social drinkers to emotional stress, alcohol

cues, and a control neutral relaxing cue using

a personalized guided imagery method that
individually calibrates stress imagery so as to
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remove any provocation-related bias between
men and women.? Results indicated that men
and women were similar in cue-induced craving
ratings. However, women reported greater stress-
provoked sadness, anxiety, and body sensations

compared to men (see Figure 1). These data
indicate sex differences in stress and negative
affect responses in women versus men, separate
from alcohol motivation.
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Figure 1 Gender differences in socially drinking volunteers’ average subjective responses to individually calibrated exposure to
stress, alcohol cue, and neutral-relaxing control provocation conditions, assessed repeatedly over time in an experimental
study. Figure la: Average subjective sadness response over time to neutral, stress, and alcohol cue conditions by gender
(in stress: women > men, p = .01). Figure 1b: Average subjective anxiety response over time to neutral, stress, and
alcohol cue conditions by gender (in stress: women > men, p <.0001). Figure Ic: Average observed nonverbal behavioral
and body responses to neutral, stress, and alcohol cue conditions by gender (in stress: women > men, p = .04). Source:
Reproduced with permission from Chaplin et al. 2008.2> Copyright © 2008 Research Society on Alcoholism and the
International Society for Biomedical Research on Alcoholism. Published by Wiley-Blackwell. All rights reserved.

Higher levels of negative affect have
specifically been linked to initiation and relapse
in alcohol and other substance use disorders.” In
adolescents, negative affect is strongly associated
with the onset of drinking and alcohol misuse, and
higher levels of negative affect are also associated
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with greater child maltreatment, victimization,
and adversity.” Girls show greater negative
affect such as sadness in response to early life
stress than boys,' similar to findings for adults
(and as shown in Figure 1). A number of studies
have shown that emotional stress and negative
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affect also elicit significant alcohol craving,'” and
negative affect and anxiety are key symptoms of
alcohol withdrawal that are further exacerbated
by exposure to alcohol cues.” Such a link between
stress and negative affect and alcohol motivation
highlights the need to assess sex differences

and women-specific vulnerability in processes
underlying the association between stress and
negative affect and alcohol intake, alcohol misuse,
and risk of AUD.

Negative affect becomes an important
component in the development of AUD in women
because past literature has documented that, while
men tend to consume alcohol to enhance positive
feelings,?* women more frequently consume
alcohol in response to negative emotions.'?
Much like the association between early trauma
and substance use, negative affect, such as
temperamental negative mood, has also been
associated with the development and maintenance
of substance use disorders."" Negative emotions,
drinking to regulate negative affect, and stress
are among the factors associated with increasing
rates of AUD in women.!! Furthermore, studies
have also shown that, in addition to trauma, abuse,
and chronic stress, negative affect is predictive
of alcohol misuse and addiction vulnerability."
Thus, temperamental negative emotionality, which
is often documented as higher in women and is
linked to substance use vulnerability, may place
women at a higher risk of subsequent alcohol and
substance misuse, but its specific role in women’s
substance misuse needs further investigation.

Sex Differences in Anxiety

and Depression

Gender gaps in rates of mental illnesses tend to
emerge and/or widen during puberty and have
been associated with the rise of different sex
steroid hormones in boys and girls that occurs
during this period. Before puberty, boys and
girls have similar rates of depression; however,
soon after puberty, depression becomes twice
as prevalent in girls than in boys until late
adulthood.?® This is also true of other mental
conditions such as anxiety disorders.'® Adult
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women report more mental health problems than
men,*' with women with AUD reporting greater
mental health problems than women without
AUD. In fact, affective disorders have been shown
to be the most commonly comorbid psychiatric
disorders in individuals with substance use
disorder, including AUD."” Even though there
exists a representation and estimation bias of
women in epidemiological mental health studies,
a better understanding of sex-based differences in
mental health is crucial to understanding specific
risk factors in the development of AUD in women.
Stress is significantly associated with affective
and anxiety disorders, raising the issue of whether
these disorders contribute to the association
between stress and AUD." Research has shown
that individuals with anxiety disorders who
reported drinking to cope with their anxiety
symptoms drank more alcohol and had a higher
rate of DSM-IV alcohol dependence than those
who did not report drinking to lessen their
symptoms.?’” There are higher rates of AUD in
those with PTSD than in those without PTSD,?®
and PTSD precedes AUD more often in women
than in men.? Both stress and trauma exposure
experimentally increase alcohol craving,*® and
women with both PTSD and AUD report higher
levels of trauma, anxiety, and mood symptoms
than men.’! Furthermore, studies have found that
co-occurring AUD, mood and anxiety disorders,
and PTSD are associated with higher relapse
rates than AUD without such comorbidity.*>*
Women present different biological, psychological,
and physiological effects of alcohol misuse that
are crucial to the maintenance of their alcohol
use.>!! For this reason, sex differences in mental
health not only are relevant in the development
of AUD, but also need further consideration,
especially with regard to prognosis and treatment
outcome. Due to the differential physiological
and subjective effects of alcohol use in women,’
AUD symptoms and progression of disease are
accelerated in women, including progression to
comorbidities of AUD with other psychopathology
such as depression, phobias, and other anxiety and
affective illnesses.'*!
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BIOLOGICAL FACTORS
INVOLVED IN THE ONSET
AND PREVALENCE OF AUD
IN WOMEN

Exposure to stressful and traumatic events as
well as chronic adverse environments trigger
a biological stress response characterized by
neural, physiological (autonomic), hormonal
(hypothalamic-pituitary-adrenal [HPA] axis), and
immune response changes to support resilient,
adaptive coping.'® However, uncontrollable
events, repeated or chronic stress, and trauma
disrupt these responses, thereby breaking down
the adaptive nature of stress responses.'® This
results in allostasis and maladaptive psychological
and behavioral responses that put an individual
at risk for neuropsychiatric illnesses, including
AUD."” Well-documented sex differences start in
childhood and continue throughout the life span
in these physiological, hormonal, and immune
responses, and in the disruption and adaptations
that occur as a result of childhood trauma, chronic
adversity, and repeated stress experiences.!%!:2!
Findings from the authors of this paper and other
studies have shown that repeated stress and
childhood trauma result in sex-specific adaptations
in the autonomic, HPA axis, and immune
responses, which have not been well addressed in
the literature on risk of AUD.!*!! For example, girls
and women with childhood maltreatment show
a blunted HPA axis stress response,'’ but those
without trauma histories and with high negative
affect and mood disorders have a hyperreactive
HPA axis response to stress.'” Changes such as a
hyporeactive HPA axis response to acute stress are
associated with greater risk of alcohol misuse and
AUD, as documented in large longitudinal studies
tracking adolescents through young adulthood."
Thus, these youth may seek out substances to
normalize their lower basal level of arousal.

Other studies document the highly sexually
dimorphic stress response, represented by
girls and women showing a higher autonomic,
catecholaminergic, and immune response to
stress, whereas boys and men show greater
glucocorticoid and HPA axis responses to acute
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stress.!! Recent findings also document that
increased exposure to childhood victimization
results in higher C-reactive protein levels in girls
but not boys,* suggesting more stress-related
immune compromise and susceptibility in girls
relative to boys. In addition, the HPA axis and the
autonomic pathways—including the sympathetic
and parasympathetic components that coordinate
the peripheral biological stress response—show
significant dysregulation associated with early
life trauma as well as childhood maltreatment,
with sex differences in the extent and nature of
dysregulation.!3> However, specific data on sex
differences are not entirely clear. Chronic stress
and comorbid mood and anxiety disorders are
also associated with altered stress responses,?!
with higher stress responses in women with mood
disorders and without childhood maltreatment,
but also blunted stress responses in women who
misuse alcohol or who have AUD.!*¢ These
findings highlight that a critical aspect of the
biological stress response is the associated
plasticity in peripheral and central stress biology
associated with repeated stress, trauma, and
adversity. The sex-specific nature of the stress
response also results in sex-specific adaptations
and allostatic responses to repeated or chronic
stress, adversity, and early life trauma and
maltreatment.*® The effects on alcohol motivation
and intake of such changes in the stress response
are discussed below.

Alcohol Effects on Stress, Negative
Affect, and Motivation for Drinking
Alcohol consumption dramatically affects
human physiology, and repeated high-intensity
use and misuse is associated with significant
neuroadaptations and breakdown of the brain
and peripheral systems that coordinate stress,
emotion, and reward regulation.** Growing
evidence suggests that these adaptations promote
a feedforward development of compulsive
motivation for alcohol use and misuse.'*?"** Not
only does alcohol stimulate striatal dopaminergic
pathways, but it also directly stimulates the

HPA axis and affects glucocorticoid receptors in
extrahypothalamic, limbic, forebrain, and medial
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prefrontal cortex (mPFC) circuits associated
with the development and progression of AUD.
Alcohol-associated neuroadaptations in HPA
axis responses to stress and alcohol cues may
serve as psychobiological markers of the cycle of
recurring alcohol consumption.* Sex differences
in individuals with AUD in the phasic response
to stress and in basal tonic levels of HPA axis
and the peripheral catecholamines have also been
documented." For example, women with AUD

show lower tonic adrenocorticotropic hormone
(ACTH) levels but higher norepinephrine (NE)
levels relative to men, but also higher relative
stress-induced ACTH response and more blunted
stress-induced NE response relative to men'

(see Figure 2). Thus, neuroadaptations resulting
from alcohol consumption (acute and chronic)
may facilitate the risk for AUD susceptibility and
maintenance in a sex-specific manner.
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Figure 2 Gender differences in ACTH and NE in men and women with alcohol use disorder (AUD) participating in a laboratory
experiment with exposure to individually calibrated stress, alcohol cue, and neutral relaxing imagery on 3 separate
days, one condition per day. Figure 2a and Figure 2b. ACTH differences between males and females with AUD at
baseline (a) and following stress exposure (b) relative to their neutral response. Attenuation of the diurnal drop is
shown in females (Stress > Neutral, p = .0009) but not in males. Figure 2c and Figure 2d: NE differences between
males and females with AUD at baseline (a) and following stress exposure (b) relative to their neutral response.
Attenuation of the diurnal drop is shown in males, but not in females (Neutral > Stress, p <.0001). Note: ACTH,
adrenocorticotropic hormone; NE, norepinephrine. All rights reserved.
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Following acute, moderate exposure to
alcohol or stress, dopaminergic, hypothalamic
autonomic, and catecholaminergic pathways have
the opportunity to return to their basal states
after activation. With alcohol misuse, binge or
heavy drinking, and chronic alcohol use, large-
scale adaptations and allostatic overload to
neuroendocrine regulation circuits occur. These
physiological changes have been associated with
the transition from controlled to compulsive
alcohol seeking in humans.*® In fact, in binge and
heavy drinkers, a neuroendocrine tolerance to
stress and alcohol consumption is observed. For
example, a blunted cortisol response to alcohol is
observed among individuals with a history of binge
or heavy drinking relative to moderate drinkers.”’
This blunted response to alcohol in those with a
history of binge or heavy drinking is identified
as neuroendocrine tolerance. Recent findings
indicate that, in binge or heavy drinkers, blunted
cortisol responses and higher subjective craving
are each associated with greater amounts of alcohol
intake in the laboratory.” It is important to note
that the sample had a majority of men, and sex
differences in these effects have yet to be explored.
Thus, although binge and heavy alcohol use and
associated adaptations in stress biology appear to
be involved in the development of neuroendocrine
tolerance and in the resulting increases in
compulsive motivation,*** neither sex differences
in the alcohol-related neuroendocrine tolerance nor
the possible sex differences on its effects on alcohol
motivation and intake have been explored thus far.

Alcohol and Stress Interactions on
Peripheral and Central Nervous System

Responses and Sex Differences
Sex differences have been found in

pharmacokinetics and pharmacodynamics

of alcohol* as well as in neuroanatomy and
chemistry.>* Blood alcohol levels rise faster and
stay elevated for longer in women than in men.
Sex hormones affect the neural pathways and
influence neurotransmitter activity, which affects
an individual’s physiological and behavioral
responses to drugs.?* For example, even though
men show stronger activation of the brain
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reward system in response to alcohol than do
women,** the female brain suffers more damage
and inflammation from alcohol withdrawal.*
Important to the current discussion, alcohol
stimulates the biological stress pathways in
similar ways to psychological stress and trauma.*
Similarly, significant adaptations and changes
occur as a function of repeated and binge alcohol
use in these biological stress pathways, and stress
and alcohol misuse may act synergistically to
modify HPA as well as autonomic and neural
responses to stress and alcohol, which may in turn
drive greater craving and compulsive seeking for
alcohol '3

A number of studies have linked greater stress
reactivity in plasma/salivary cortisol responses
as a risk factor for comorbidity of mood disorders
and AUD.* Research has also shown that blunted
salivary cortisol response to stress is a risk factor
for AUD development in at-risk children with a
family history of substance misuse or substance use
disorder.* There also may be significant variation
in these responses as assessed by concentrations
in plasma/serum for ACTH, plasma/serum and
saliva for cortisol, salivary alpha-amylase (a
measure of autonomic adrenergic arousal), and
physiological assessments of heart rate and heart
rate variability, as a function of extent of chronic
stress or trauma exposure.'®* Specifically, one
study evaluated at-risk prepubertal boys (ages 10
to 12) with fathers with substance use disorder and
found that high-risk boys secreted significantly
less salivary cortisol in response to an anticipated
stressor compared to controls.* These findings
were corroborated by another study using a stress
task in adolescents, which documented that blunted
physiological and emotional responses to stress in
adolescents were related to greater risk of alcohol
and substance use.*” In a larger cohort that also
evaluated sex differences in adolescents ages 14
to 17 who were prenatally exposed to cocaine
relative to nonexposed youth, elevated basal
salivary concentrations of cortisol were found in
the at-risk group relative to nonexposed youth.* In
contrast, at-risk youth exhibited a blunted salivary
cortisol response to a social stressor compared
to controls.** Furthermore, sex differences were
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found in prediction of future substance use: for
girls, self-reported sadness in response to the social
stressor predicted future drug use, whereas for
boys, blunted salivary alpha-amylase (an autonomic
nervous system measure) in response to the same
social stressor predicted future drug use.** These
results suggest that distinct physiological and
emotional stress responses among boys and girls
are associated with different risk profiles for future
drug use.

In another series of studies, impaired
neuroendocrine responses to alcohol and to stress
have also been associated with an increased
motivation for binge or heavy drinking, thereby
serving as a potential risk marker for the
progression from heavy drinking to DSM-IV
alcohol dependence.® In a large population-based
study where children were followed longitudinally
between ages 14 and 20, the age at which the first
alcoholic drink was consumed varied as a function
of cortisol levels, and blunted cortisol responses
to stress were associated with greater risk of
alcohol misuse.*® Furthermore, among heavy- and
light-drinking adults who were exposed to an oral
alcohol challenge and followed for 6 years, heavy
drinkers showed greater sensitivity to stimulating
effects and lower sensitivity to the sedative effects
of alcohol compared to light drinkers.* Moreover,
heavy drinkers demonstrated lower salivary
cortisol release in response to the alcohol challenge
and, 6 years later, presented with a greater number
of AUD symptoms than did light drinkers.** These
findings suggest that alcohol and stress significantly
impact the psychological and biological stress
responses—altering affect, mood, and anxiety
as well as biological stress responses. However,

a significant gap remains in understanding sex
differences in these effects given that differences by
gender have not been well studied in the literature.

One of the effects of acute administration of
alcohol is the activation of both reward and stress
pathways in the brain. The mesocorticolimbic
dopaminergic system, involved in reward
processing, is activated alongside the corticotropin-
releasing factor (CRF)-HPA axis and the autonomic
nervous system pathways involved in stress
responses. Activation of these central pathways
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results in increased levels of ACTH and cortisol,
as well as changes in heart rate, blood pressure,
and skin conductance responses.'” Withdrawal
and abstinence following chronic alcohol use also
are associated with dysfunctional sympathetic
and parasympathetic responses, highlighting the
effect of alcohol misuse on these peripheral stress
pathways; as shown in Figure 2, there are sex
differences in these alcohol-related adaptations of
the stress pathways.

Even though acute administration of drugs, such
as alcohol, may increase mesolimbic dopamine
levels, sustained alcohol misuse downregulates the
mesolimbic dopamine pathways and thus decreases
basal dopamine levels."” Using brain imaging,
research has shown that there are fewer dopamine
D2 receptors and less dopamine transmission in
frontal regions and in the ventral striatum area
of individuals with AUD during withdrawal.
Furthermore, dopamine response to drugs is
sex-specific, with men showing greater dopamine
release than women.*” Prolonged exposure to
drugs, such as alcohol, results in altered and
blunted neurochemical responses to drugs as well
as to stress. Behavioral sensitization to drugs and
stress can also be observed and is associated with
CRF and noradrenergic effects on dopaminergic
(and non-dopaminergic) pathways and with
synaptic alterations in the ventral tegmental area,
amygdala, nucleus accumbens, and mPFC."

More importantly, sex differences in both stress
and reward circuitry have been reported using
functional magnetic resonance imaging (fMRI)
research, where responses to stress and to alcohol
cues relative to neutral cues show a differential
profile in men who drink socially versus women
who drink socially*® (see Figure 3). Furthermore,
although striatal activation during alcohol cue
exposure was associated with alcohol craving, this
effect was seen in men only and not in women,
and different prefrontal regions were associated
with stress-induced anxiety in men and women
(see Figure 4). These data suggest that central
brain pathways differentially modulate stress and
alcohol motivation responses in men and women
who drink socially and point to a significant need to
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Figure 3 Whole-brain voxel-based functional magnetic resonance imaging (fMRI) showing a sex x condition interaction and
corresponding activations in the stress-neutral and alcohol cue-neutral contrasts for males (M) and females (F) who
drink socially. A: The sex x condition interaction effect was significant in regions of the superior and middle frontal
gyrus (SFG/MFG), medial prefrontal cortex (mPFC, dorsomedial and ventromedial), rostral anterior cingulate cortex,
emotion limbic regions (posterior insula, putamen, amygdala, hippocampus, and parahippocampal gyrus), temporal
lobe, and visuomotor perception areas (parietal lobe, occipital lobe, and cerebellum) (p < 0.01 whole-brain familywise
error [FWE] rate corrected). To elucidate the source of the interaction, male versus female contrasts were conducted
for (B) stress relative to neutral, and (C) alcohol cue relative to neutral brain responses at the p < .05 whole-brain FWE
corrected. Significantly, greater M > F stress-induced activity in the mPFC and limbic regions was observed. Alcohol
cue-induced activity in the SFG/MFG was significantly higher in women than in men. No differences in F > M for the
stress-neutral and in M > F contrast for the alcohol cue-neutral survived whole-brain correction. Coordinates are given
in Montreal Neurological Institute space. Note: F, female; L, left; M, male; mPFC, medial prefrontal cortex; R, right.
Source: Reproduced with permission from Seo et al., 2011.* Copyright © 2010 Wiley-Liss, Inc. All rights reserved.
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Figure 4 In men and women who drink socially, whole brain voxel-based correlation and corresponding scatter plots for (A)
alcohol cue-induced craving ratings with neural responses during alcohol cue versus neutral cue exposure in males as
well as (B) stress-induced anxiety ratings with neural response during stress versus neutral cue exposure in males and
females (p < .05, whole-brain familywise error rate [FWE] corrected). A: In males, elevated alcohol craving ratings
were associated with increased activity in the striatum cluster (» = .74) that encompassed ventral and dorsal striatum,
including the left nucleus accumbens (X =-13, Y = 12, Z = —12). B1: In males, enhanced stress-induced anxiety ratings
were associated with increased brain activity in a medial prefrontal cortex cluster that included the ACC, ventromedial
PFC, and medial PFC (r=.59). B2: In females, stress-induced anxiety ratings were positively correlated with bilateral
brain activity in superior/middle frontal gyrus (winsorized r = 0.62). Coordinates are given in Montreal Neurological
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understand the neurobiology of binge drinking and
chronic alcohol misuse in women.

STRESS NEUROCIRCUITRY,
EMOTION REGULATION,
AND ALCOHOL CRAVING

Previous human research indicates that trauma,
adversity, and chronic stress alter the activity and
structure of the prefrontal cortical, limbic, and
striatal brain networks involved in regulating
stress and emotions as well as reward and higher
cognitive or executive control functions.'” These
brain circuits also show significant sexual
dimorphism, suggesting a need to explore the role
of sex differences in their structure and function
in critical regulation and coping functions for
stress, trauma, and self-control over alcohol
intake. These functions can include the regulation
of distress and emotions, such as controlling
and inhibiting impulses, refocusing and shifting
attention, employing working memory, monitoring
conflict and behavior, linking behaviors to possible
future consequences, and demonstrating flexible
consideration of alternatives for response selection
and decision-making."

Recent evidence from human brain structural
and magnetic resonance imaging shows that
recent life stressors (e.g., death in family, divorce,
relationships ending, being assaulted, financial
crises, robberies), trauma (physical, emotional,
or sexual abuse), and chronic stress (subjective
experience of continual stressors or ongoing
life problems) are associated with lower gray
matter volume in medial prefrontal, amygdala,
hippocampus, and insula regions of the brain.5*>!
Similarly, recent life stress and acute stress exposure
(such as those listed above) may decrease responses
in the prefrontal regions (such as the dorsolateral
prefrontal cortex and ventromedial prefrontal
cortex) associated with working memory, reward
processing, and resilient coping.®> Such changes
in the neural circuits underlying emotion and
reward dysregulation may promote risky alcohol
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use (e.g., binge drinking), emotional eating, and
frequency of arguments and fights.> Furthermore,
these circuits are sexually dimorphic in their
responses to stress and anxiety, where differential
brain regions are associated with stress-induced
anxiety in men versus women*? (see Figure 5). As
anxiety and stress responses are associated with
alcohol motivation and increased alcohol use, sex
differences in the neurocircuits that respond to and
regulate stress and anxiety suggest that there are
also sex differences in the brain regions that drive
stress-induced alcohol craving and intake. However,
there is a need for examining this association in a
sex-specific manner in future research.

Across at-risk children and adults with
exposure to stress, trauma, or in utero substance
use, sex-specific brain changes in emotion and
reward regions are associated with risk of alcohol
misuse and AUD.> A study of prenatally cocaine-
exposed and non-exposed adolescents (ages 14 to
17) found lower gray matter volume in limbic and
frontal regions of the brain as assessed by MRI
and whole-brain voxel-based morphometry in the
at-risk prenatally exposed relative to non—cocaine
exposed adolescent controls.> In addition, lower
gray matter volume in these brain regions was
associated with initiation of tobacco, alcohol, and
cannabis use.>® Furthermore, sex-specific effects
were found in adults who misuse cocaine and
alcohol, with women showing lower gray matter
volume in emotional-limbic regions of the insula,
amygdala, and hippocampus, and men showing
lower gray matter volume in the midcingulate and
frontal regions.’* These data suggest that changes
in brain volume may serve as biological risk
markers for alcohol misuse, AUD, and substance
use. Indeed, low behavioral and cognitive control
are linked to lower prefrontal and insular cortex
volume, and high activation of limbic-emotional
and striatal-motivation brain regions under stress
suggest one specific pattern underlying risk of
addictive behaviors where there is a decreased
ability to control rewarding behaviors."’ Thus,
cortico-striatal reward and motivational brain
pathways appear to be key targets of disrupted
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central stress and emotional responses, suggesting
a potentially important sex-specific mechanism by
which stress may affect susceptibility to alcohol
misuse and AUD vulnerability. As these pathways
are sex-specific, the stress- and alcohol-related
adaptations also occur in a sex-specific manner,
resulting in sex differences in the biological
pathways of risk for AUD. However, there is a
desperate need for research to elucidate these sex-
specific changes and risk factors for AUD.

TRANSITION TO ADDICTION

Women report different motives for alcohol
use than men,'*!" and are more likely to self-
medicate their emotional distress, negative
affect stemming from high stress, and mood
and anxiety disorders.!®!! As outlined above, sex
differences in addiction vulnerabilities set women
at a disadvantage related to exposure to and risk
of alcohol misuse, maintenance, and relapse.!!
As described in the previous sections, some
research has documented sex-based differences in
neuroendocrine stress and reward pathways with
chronic alcohol use."

The cross-sensitization process of stress
and alcohol effects suggests that sex-specific
adaptations occur with alcohol misuse and chronic
use, which may contribute to alcohol craving,
continued use, and relapse. The progression
from alcohol misuse to AUD often includes
overpowering cravings seen as a physiological
need rather than a hedonic desire."” This craving
is associated with compulsive seeking of alcohol,
which becomes stronger in the context of alcohol
cues or stress exposure, increasing the chances of
relapse. Sex differences in stress assessment and
cue reactivity in social drinkers and in patients
with AUD have been reported. For example,
findings in social drinkers indicate that the
incentive value of alcohol may be less sensitized
by negative mood and stress in female social
drinkers compared with male social drinkers.>>¢
However, findings show that, compared to men
with AUD, women with AUD demonstrate greater
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alcohol cue reactivity following negative mood
induction.”” Furthermore, HPA-axis hyporeactivity
to social stress, alcohol cue exposure, and alcohol
intake, as well as a blunted cortisol response to
stress in women with AUD have been reported
concurrently with enhanced emotional distress and
greater craving, which, in turn, have been shown
to increase the risk of relapse and return to alcohol
use in early treatment.!" Although conducted using
separate stress- and cue-reactivity paradigms, this
research consistently reflects robust sex-specific
dissociations between participants with and
without AUD in relation to stress system function
and alcohol cue reactivity, supporting the notion
that there are sex differences in the mechanisms
that drive the transition to AUD, its maintenance,
and the relapse to alcohol use. However, the
specific link between the robust sex-specific stress
and cue reactivity responses and actual binge and
heavy alcohol intake in women are not clear and
needs greater study in future research.

IMPLICATIONS FOR ONSET
AND MAINTENANCE OF
AUD IN WOMEN AND
FUTURE DIRECTIONS

Sex differences in the onset of alcohol misuse

and the development of AUD have been reported.
The effects of greater exposure to and experience
of stress, trauma, victimization, negative affect,
and mood and anxiety disorders in women
represent a specific risk pathway for the onset

and development of AUD in women. However,
estimation bias in occurrence of mood and
anxiety disorders needs specific consideration in
assessing these associations to alcohol misuse and
AUD. Also, although this paper has not focused
on genetic mechanisms and epidemiological

and sociocultural factors that may explain sex
differences, these areas also need further attention.
Nonetheless, sex differences in the psychological
and biological response to both stress and alcohol
intake are well known. Animal studies have
revealed that sex steroid hormones interact with
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the HPA axis to influence stress regulation, and
these sex hormones also modulate brain limbic,
striatal, and frontal circuits to influence alcohol
seeking in sex-specific ways.!! However, research
in humans assessing interactions between

stress, reward, and sex steroid hormones has
lagged behind. For example, fluctuations in sex
hormones across the menstrual cycle may impact
neuroadaptations in stress response and alcohol
craving'! as described below, and, in doing so, may
point to specific prevention and treatment efforts.

Although not specifically examined in risk
of AUD or in women with AUD, some evidence
in other substance use disorders indicates that
during the follicular phase of the menstrual cycle,
positive rewarding drug effects may be potentiated
in women to the same levels as men.!" Similarly,
increased levels of progesterone and decreased
estrogen/progesterone ratio have been shown in
women who misuse substances relative to healthy
controls."! Such changes across the menstrual cycle
may then alter brain responses to stress and cues
as well as affect intensity of emotional responses
and craving states in women with AUD relative to
men with AUD.!! As the hypothalamic-pituitary
gonadal (HPG) axis modulates sex steroid levels
during the menstrual cycle and influences stress
responses in women, adaptations in the HPG and
HPA axes with the transition to AUD may lead to
altered levels of estrogen, progesterone, and their
related neuroactive steroids. This could further
predispose women to increased anxiety, negative
emotion, and lowered tolerance to stress, which
in turn may increase vulnerability to craving and
compulsive alcohol use in women.

At a time when alcohol misuse is on the rise
among girls, and binge drinking and AUD rates
have substantially increased in women, there is a
major gap in understanding the mechanisms and
processes that specifically increase risks for the
onset and development of AUD in girls and women
and for the maintenance of AUD in women.
Greater specific, targeted future research on risk
pathways for girls and women can address the need
for focused development of targeted prevention and
early treatment efforts in females. Prevention and

Alcohol Research: Current Reviews

early treatment may reduce the prevalence rates of
AUD—as well as the much higher rates of alcohol-
related health problems and morbidity in women
compared to men—and such efforts may increase
alcohol recovery rates among women.
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Disorder and Anxiety

Bridging Psychiatric, Psychological, and
Neurobiological Perspectives
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A substantial number of people who have problems with alcohol also
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and psychological processes in promoting the rise of negative affect
and alcohol misuse. The psychiatric perspective that alcohol misuse
and co-occurring anxiety represent neurobiologically distinct diagnostic
conditions has dominated the field for many decades. However, recent
research provides increasing support for the neuroscientific perspective
that these conditions share underlying, mutually exacerbating,
neurobiological processes.

KEY WORDS: alcohol; anxiety; comorbidity; negative affect; stress

Introduction

“Those who cannot remember the past are condemned to repeat it.”
—George Santayana

Few observations in psychiatry have been documented as long and as
consistently as the association between anxiety (and general negative
affect) and the chronic misuse of alcohol. Research has shown that up
to 50% of individuals receiving treatment for problematic alcohol use
also met diagnostic criteria for one or more anxiety disorders."* This
percentage can be compared with the prevalence of current (within the
past 12 months) anxiety disorders in the U.S. community, which is
estimated to be 11%.%*
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The psychiatric, psychological, and neuroscientific
disciplines have developed theories to explain the
association between alcohol and anxiety disorders.
Each discipline has independently contributed to
the understanding of how to best describe and treat
alcohol use disorder (AUD) in the context of negative
affectivity. However, very little cross-communication
has occurred among these disciplines. This insularity
and particularism continue to impose significant
opportunity costs in this field.

A key challenge to applying a comparative
perspective across disciplines and time is the use of
unique and evolving terminology and definitions for
similar phenomena. Terms such as anxiety, anxiety
disorder, depression, mood disorder, tension, stress,
stress disorder, and negative affect are used differently
across disciplines and time. The relationships
among these constructs can be conceptualized as a
Venn diagram, with the shared spaces representing
overlapping constructs. In these overlapping spaces,
the greatest opportunities for integration across
disciplines can be found. In this review, the term
“negative affect” (i.e., negative hedonic tone and
the biology that underpins it) describes the shared
psychological and biological space for related
constructs of anxiety, tension, stress-responding, and
anxiety disorder.

First, historical trends and research related to the
psychiatric classifications of alcohol misuse, negative
affect, and their co-occurrence are reviewed, including
typologies and diagnoses. Next, a history of behavioral
examinations of negative affect and alcohol misuse is
presented from the psychological perspective, along
with a discussion of research on the use of alcohol
to cope with negative affect. Finally, neurobiological
research on the relationship between negative affect
and alcohol use is reviewed, and the opponent
process model is explained. The concluding section
synthesizes the discipline-specific research to identify
conclusions and unanswered questions about the
connections between alcohol use and negative affect.

Psychiatric Disorder Classifications
and Diagnoses
Typologies are the oldest formal approach to

categorizing alcohol misuse accompanied by
strong negative affect. Summarizing dozens of such
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typologies from the past 200 years, Babor observed
that virtually all identified an anxious-depressed
subtype (Apollonian) and a revelry-oriented,
rule-breaking subtype (Dionysian).> The
promulgation of these typologies occurred primarily
in the “prescientific” era (before the 1940s), but
their legacy remains evident today.

For example, Cloninger described a model in
which heritable personality traits set the stage for the
development of Type I or Type II “alcoholism.”®”
Type I included people whose problems with alcohol
use began later in adult life, often contemporaneous
with increasing negative affect or stressful life
experiences. These individuals were characterized as
shy, anxious, and pessimistic (Apollonian), and their
alcohol use was believed to be motivated by an effort
to cope with the unpleasant subjective experiences
associated with these traits. Type II included people
whose problems with alcohol use began early in adult
life, without reference to environmental conditions
or fluctuations in internal emotional states. These
individuals were characterized as having relatively
less fear and guilt while engaging in relatively more
rule-breaking and antisocial behavior (Dionysian),
often including drinking alcohol and other drug use.
Past and present typology approaches share the view
that negative affect is not a separate, co-occurring
condition but rather an inherent trait of a significant

subtype of people who have problems with alcohol.

Comorbidity paradigm
By the middle of the 20th century, medically

oriented researchers increasingly attempted to
categorize and quantify psychopathological and
medical conditions observed among people being
treated for the chronic misuse of alcohol.® Unlike
earlier typologies in which strong negative affect was
considered an inherent trait of a subtype of people
who had problems with alcohol, this descriptive,
medical approach viewed strong anxiety and

other psychiatric problems as distinct, diagnosable
conditions that often co-occur with alcohol-related
conditions. This conceptualization led to co-opting
the medical term “comorbidity” to indicate the
presence of two or more distinct psychiatric
disorders.” The psychiatric paradigm of comorbidity
was first fully realized and codified nearly 40 years
ago in the third edition of the Diagnostic and
Statistical Manual of Mental Disorders (DSM)." In



the more recent DSM-5, the paradigm remains
the standard psychiatric model for describing,
characterizing, and treating co-occurring negative

affect and AUD.!

Epidemiology of co-occurring disorders

Within the co-occurring psychiatric disorder
(comorbidity) paradigm, and armed with

the DSM’s observable and reliable diagnostic
criteria, several large, epidemiological surveys

have quantified the relative risk for an alcohol-
related diagnosis in the presence versus absence

of a diagnosed anxiety disorder. The largest and
most comprehensive community-based surveys

in the United States include the Epidemiologic
Catchment Area study (V ~ 20,000), the National
Comorbidity Survey (V ~ 8,000), and the National
Epidemiologic Survey on Alcohol and Related
Conditions (NESARC, /N - 43,000).

Alcohol-related diagnoses

An important issue in interpreting epidemiological
findings is the diagnostic definition of AUD. The
DSM-1V included two separate alcohol-related
diagnoses: alcohol abuse and alcohol dependence.'
A DSM-1V diagnosis of alcohol abuse required a
maladaptive pattern of ongoing drinking resulting
in multiple impairments. Some impairments

that met the criteria were: not fulfilling major
obligations at work, school, or home; using alcohol
while driving or in other physically dangerous
situations; having recurrent legal problems from
driving under the influence, fighting, or other
actions related to alcohol use; and experiencing
exacerbation of interpersonal problems because of
continued alcohol use.

A DSM-1V diagnosis of alcohol dependence
required meeting at least three of seven criteria.'?
The first two criteria were physical—development
of tolerance to alcohol and development of
withdrawal symptoms. The remaining five criteria
were behavioral signs of dependence, such as
spending a great deal of time obtaining, drinking, or
recovering from the effects of alcohol and drinking
more alcohol, or for longer, than intended.

In the DSM-5, however, alcohol abuse and
dependence have been integrated into a single
diagnosis of AUD with mild, moderate, or severe

subclassifications." The separate classifications of
alcohol abuse and alcohol dependence were removed.
Most available epidemiological studies used
diagnostic criteria from DSM-IV or earlier, and they
uniformly showed a positive association between
anxiety or mood disorders and alcohol dependence
but not alcohol abuse. A synthesis of the major
epidemiological studies showed the risk (odds) for
meeting diagnostic criteria for alcohol dependence
more than doubled (OR = 2.3) among individuals
with an anxiety disorder compared to those with no
anxiety disorder.” However, the odds of receiving a
diagnosis of alcohol abuse alone were about the same
for individuals with or without an anxiety disorder
(OR - 1). These results suggest that the association
between anxiety disorders and AUD will diminish
in forthcoming epidemiological findings (e.g., in
results from the NESARC III) that use the DSM-5

diagnosis criteria.

Anxiety disorder diagnoses

Parallel to the question of how the definitions for
alcohol-related diagnoses affect the magnitude of
the association with anxiety disorders is the question
of how the definitions for anxiety disorders affect
that association. An early analysis'* of research on
co-occurring disorders in the 10 years following
the introduction of DSM-III criteria reached the
provisional conclusion that each major subtype of
anxiety disorder (i.e., social phobia disorder, panic
disorder, and generalized anxiety disorder)'® had a
unique relationship to alcohol misuse, presumably
because of distinct neurobiology and symptom
manifestations (e.g., discrete symptom triggers,
omnipresent symptoms, or random symptom
episodes). This conclusion fit neatly within the
zeitgeist of that era, which presumed important
clinical and biological distinctions for all psychiatric
diagnoses.'*'?

However, restricting attention to a single diagnosis
and its relationship to alcohol misuse does not
align with more recent research. For example,
it is now better understood that various anxiety
disorder subtypes are commonly present in the same
individual.”'® Therefore, conclusions based on
epidemiological findings that focused exclusively on
one anxiety disorder diagnosis without accounting
for the likely presence of additional anxiety subtypes
have become suspect. Also, the conclusion that each
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anxiety disorder subtype has a unique association
with alcohol misuse is inconsistent with research
showing that all the subtypes individually confer a
similar increase in risk for alcohol misuse,'® and that
the risk increases substantially for each additional
anxiety disorder subtype.

Recent “big data” modeling approaches have
advanced the understanding of epidemiological
data related to the association between anxiety
disorder subtypes and risk for alcohol misuse.
Seminal work using this approach comes from
Krueger, who applied structural equation modeling
of latent variables related to anxiety and depression
diagnoses.'” This research showed that a large
proportion of the covariation in anxiety or mood
disorder diagnoses could be characterized along a
single continuum called “negative emotionality.”
However, some of the variance of specific anxiety
disorders was distinct from the negative emotionality
continuum; that is, some variance was unique to a
specific anxiety disorder subtype.

Kushner and colleagues applied this analytic
approach to NESARC data to assess the relationship
between risk for alcohol misuse and the shared
versus unique components of several anxiety and
depressive disorders.'® This analysis showed a strong
positive relationship between risk for DSM-IV
alcohol dependence and the shared components
of the anxiety and depression diagnoses. However,
the analysis also showed virtually no relationship
between risk for alcohol dependence and the unique
components of those diagnoses. These findings are
inconsistent with the idea that each anxiety disorder
has a unique association with the risk for alcohol
misuse. Instead, the results suggest that all anxiety
and mood disorders contribute to general negative
emotionality, which, in turn, correlates with the risk

for alcohol dependence.

Temporal and causal priority

The elevated risk for alcohol misuse in the presence
of anxiety represents a positive correlation between
these conditions. One of the co-occurring conditions
could be causing the other, but a third, unmeasured
factor could be causing an increased risk for both
conditions. When medical conditions correlate, the
search for causality commonly starts by evaluating
which condition preceded the other. This approach
is based on the logical truism that an effect cannot
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precede its cause. However, preceding conditions
do not necessarily cause later outcomes—the
logical fallacy called “post hoc, ergo propter hoc.”
Still, studies have sought to illuminate the causal
associations between the co-occurring disorders by
determining which began first."” This research has
shown that the onset of anxiety disorders preceded
alcohol misuse in up to three-quarters of the people
who had both conditions,'* especially for those who
had social anxiety disorder.”

Failing to clearly distinguish between temporal
priority and causal priority is common in
interpretation of order-of-onset studies.”**!

Since its third edition, the DSM’s hierarchical
diagnostic scheme designates anxiety disorders in
the presence of alcohol disorders as an alcohol-
induced condition unless the anxiety symptoms
presented first or persisted during a period of
protracted abstinence.'"'> This approach not

only risks the logical error already discussed

but also risks conflating initiating factors with
maintaining factors. That is, this approach ignores
the possibility that alcohol misuse played some
role in the initiation of anxiety symptoms that
over time evolved into independent anxiety
disorders. However, these logical concerns may be
moot empirically, because NESARC data show
that the prevalence of substance-induced anxiety
and mood disorders among individuals with a
diagnosed alcohol disorder is vanishingly small.*
Unfortunately, clinical guidelines designed to avoid
mistaking substance-induced anxiety or mood
problems for other anxiety or depressive disorders
discourage clinicians from providing effective
treatments for these conditions in people who are
actively drinking or recently abstinent.*

Prospective relative risk

Compared to retrospective assessments of the order
of onset for co-occurring disorders, assessments of
prospective relative risk (i.e., the risk for developing
a condition given the presence or absence of
another condition) provide more information
about conferred risk. For example, people typically
experience onset of social anxiety disorder before
they are old enough to legally purchase alcohol, so
the anxiety disorder typically precedes problems
with alcohol. Therefore, retrospective assessments
showing that social anxiety disorder commonly



precedes problems with alcohol superficially suggest
that the former causes the latter. However, this type
of examination provides no information about the
effects of alcohol misuse on later development of
social anxiety disorder.

Prospective relative risk avoids problems related
to retrospectively examining the order of onset. In
a study by Kushner and colleagues, the prospective
relative risk of alcohol dependence and several
common anxiety diagnoses was examined among
approximately 500 college students during their first
year, senior year, and third postgraduation year.”!
Although anxiety disorders were more common
than alcohol dependence at all assessment years, the
prospective risk for new onset of either condition
in a later assessment was two to five times greater
if the other condition was present at an earlier
assessment. Both conditions substantially increased
the prospective relative risk for developing the other.

Effects of co-occurrence on alcohol
treatment outcomes

Data show that individuals who have co-occurring
anxiety or depressive disorders and alcohol-related
disorders have a poor response to treatment for
alcohol misuse.”?* For example, Kushner and
colleagues reported that more than twice as many
participants who had alcohol-related disorders and
co-occurring anxiety or mood disorders, versus
participants with no anxiety or mood disorder,
returned to any drinking within 4 months following
intensive residential treatment for alcohol misuse
(52% vs. 21%).!

Efforts to mitigate the deleterious effects
of co-occurring anxiety disorders on alcohol
treatment outcomes, as well as to illuminate
causal influences between these conditions, have
inspired investigations into how treatment for one
co-occurring condition affects symptoms of the
other condition. For example, if an anxiety disorder
maintains alcohol misuse, effectively treating the
anxiety should reduce alcohol use and reduce the
likelihood of relapse after treatment. In one study,
researchers administered paroxetine or placebo in
a double-blind fashion to participants who had
AUD and social anxiety disorder.” They found that
although the medication was clinically effective
in reducing social anxiety symptoms, alcohol use
severity was unchanged.

Several clinical trials have examined the effect of
supplementing standard AUD treatment with a
validated treatment for anxiety or mood disorders
among individuals with both conditions. A meta-
analysis of 15 randomized controlled trials, in
which medication or cognitive behavioral therapy
for co-occurring anxiety or depressive disorder was
added to standard treatment for AUD, showed
results similar to the paroxetine study.”>* That
is, the meta-analysis showed that conventional
treatments were effective at reducing co-occurring
symptoms of anxiety and depression, but they
did not meaningfully improve alcohol-related
treatment outcomes.

Psychological Theories

In parallel to the evolution of the descriptive
psychiatric paradigm for co-occurring disorders,
early psychological researchers began studying
alcohol’s tension-reducing properties in laboratory
(typically animal) models.”’ It is often forgotten (or
at least ignored) that this early experimental work
began as a test of Freud’s theory that alcohol misuse
served as an externalized ego defense mechanism.
However, the research soon developed into operant-
behavioral examination of what was called the
“tension-reduction hypothesis.” The hypothesis
maintained that alcohol’s pharmacological properties
reduced tension, and this effect resulted in escalated
drinking through negative reinforcement (i.e., reward
generated by diminution of a noxious stimulus).
In this research, the tension was any noxious state
(e.g., frustration, approach-avoidance conflicts,
or pain) that elicited a subjective or physiological
stress response. Many dozens of laboratory studies
through the latter half of the 20th century tested the
tension-reduction hypothesis. Ultimately, however,
the cumulative results were deemed to be “negative,
equivocal, and contradictory.”

In reaction to the early experimental failures
and ambiguities of the operant-behavioral tension-
reduction hypothesis, psychological researchers
increasingly deemphasized alcohol’s putative
pharmacological effects on tension. They began to
emphasize the subjective expectancies, beliefs, and
motivations presumed to affect a person’s decision
to drink when experiencing negative affect.”
Drinking to cope with negative affect was viewed
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as a primary drinking motive.” Keeping with the
tension-reduction hypothesis, these researchers did
not focus on formal diagnostic categories for negative
affect or alcohol misuse.’! However, other research
has linked drinking-to-cope motives with individuals
who met diagnostic criteria for co-occurring AUD
and anxiety disorder."”

An analysis of NESARC data has demonstrated
that individuals who reported using alcohol to
cope with the symptoms of anxiety disorder are at
increased risk for persistent alcohol dependence.”
In addition, people with anxiety disorders who
reported drinking to cope had a fivefold increased
risk for developing alcohol dependence within
3 years.*? People with anxiety disorders who did 7o#
drink to cope had virtually the same prospective risk
for developing alcohol dependence as people with
no anxiety disorders. Further, people with anxiety
disorders who did not report any drinking to cope
drank less daily than people with no anxiety disorder.

Neurobiological Theories

Starting in the 1970s, the increasing availability

of biological measures offered researchers an
opportunity to study the effects of alcohol on
stress-responding (and vice versa) in more refined
and controlled ways. This allowed for distinctions
between subjective (e.g., self-reported) and objective
(e.g., serum cortisol) responses to stress, as well as
between immediate stress reactivity and subsequent
stress regulation. Surprisingly, distinguishing
subjective and objective stress-response measures
revealed little connection between the two, with the
former relating more directly to predictions from
the tension-reduction hypothesis.”” Early research
on stress and alcohol used these technological
advancements to test the operant tension-reduction
hypothesis, albeit with mixed results.*

Psychophysiological and
neurobiological correlates

Beginning in the 1990s, stress-related alcohol
research evolved from its roots in tension-reduction
research to become a multifaceted subspecialty
focused primarily on the psychophysiological and
neurobiological correlates of the stress response,
stress regulation, and alcohol misuse. Increasingly,

€6 | Alcohol Research: Current Reviews | Vol 40No 1 | 2019

this research includes examination of the long-term
genetic and environmental influences on stress
reactivity and regulation and their connections to the
development of AUD vulnerability.

For example, Brady and Back reviewed research
linking early trauma and exposure to chronic
stressors with permanent dysregulation in the
brain systems implicated in the pathophysiology
of depression, anxiety, and addiction.® Other
investigators reviewed research that reported
associations between alcohol dependence or genetic
risk for alcohol dependence and dysregulated
patterns of laboratory stress-responding.®*’

Several studies have implicated chronic alcohol
misuse in the dysregulation of the stress response,
which contributed to further alcohol craving and
increased likelihood of relapse.’*** These and
related studies demonstrate that heritable traits
associated with risk for alcohol-related disorders; as
well as environmental insults such as acute trauma,
chronic stress, and chronic alcohol misuse; can
produce durable neurobiological and subjective
stress-response changes that have been associated
with the development or persistence of both AUD
and anxiety disorders.

Opponent process model

Koob and colleagues have placed both the
neurobiological and subjective experiences of
stress-responding and negative affect at the very
center of addiction pathology (Figure 1).*' More
specifically, they conceptualized addiction as a
three-stage, pathodevelopmental cycle that engages
executive function, incentive salience, and negative
emotionality at different degrees during specific
stages of addiction. In this opponent process model,
the term “addiction” refers to the neurobiological and
motivational changes that occur as a consequence of
chronic substance use.

The first stage—Dbinge/intoxication—involves
activating reward circuits (e.g., the release of
dopamine and opioid peptides in the ventral
striatum) in response to alcohol or other drug use,
which also engages incentive salience circuits.*! In
this early stage of addiction, positive reinforcement
from direct activation of the brain’s positive valence
systems, as well as from formerly neutral stimuli
that have become classically conditioned to evoke
a pleasurable response, motivates ongoing and



Figure 1 Addiction cycle stages and associated brain
regions. Source: Adapted from U.S. Department
of Health and Human Services, Office of the
Surgeon General. Facing Addiction in America:
The Surgeon General’s Report on Alcohol, Drugs,
and Health. Washington, DC: U.S. Department of
Health and Human Services; November 2016.

increased substance use. This is characterized as the
impulsive stage of addiction because the goal of
increasing pleasure, rather than avoiding or escaping
discomfort, motivates seeking alcohol or other drugs.
In response to chronic alcohol or other drug
use, both within-system and between-system brain
processes seek homeostasis through dynamic,
neuroregulatory, countervailing effects.” However,
as chronic use continues, homeostasis gives way to
neuroadaptations that reset the baseline operation
(allostasis) in these systems. These allostatic
adaptations in the brain lead to the second stage
of addiction—withdrawal/negative affect. In this
stage, reward circuits become blunted because
of within-system neuroadaptations. The brain’s
stress systems, including corticotropin releasing
factor and norepinephrine in the central amygdala
and bed nucleus of the stria terminalis, become
increasingly dysregulated because of between-
system compensatory neuroadaptations. At this
point in the addiction process, subjective negative
affect predominates, especially during periods of
sobriety and withdrawal. This later stage of addiction
marks a shift from impulsive use driven by positive

reinforcement to compulsive use driven by negative
reinforcement. In this stage, compulsive substance
use is aimed, in part, at decreasing the negative affect
caused or aggravated by the allostatic reset in the
brain’s stress and mood systems.

Finally, after these neuroadaptations have
been established, the third stage of addiction—
preoccupation/anticipation—undermines attempts
at abstinence from drinking.*' At this point, chronic
alcohol or other drug use becomes an integral,
exogenous input for maintaining equilibrium in the
brain’s mood and stress regulation systems.

Preclinical research supports the tenets of the
neurobiological opponent process model.** Although
the model has not yet been translated to validated
clinical applications, it informed the development
of the Addictions Neuroclinical Assessment, a
framework that uses neuropsychological data that
correspond to the three stages of the neurobiological
opponent process model to classify the individual
differences in AUD to improve diagnosis and
treatment.” The model does imply specific treatment
targets, such as corticotropin releasing factor**
and alpha,-noradrenergic systems.*® Simpson and
colleagues found clinical benefit from prazosin, an
alpha, antagonist, in participants with an alcohol
dependence diagnosis.” However, the only study
to examine prazosin in a sample of people with
co-occurring disorders (alcohol dependence and
post-traumatic stress disorder) reported that the
medication had no effect on stress-responding or
alcohol treatment outcomes.*®

The opponent process model also implies that
psychosocial treatments could usefully target the
motive of using alcohol to cope with negative affect.
Epidemiological data and the opponent process
model both support the concept that this motive
is a primary link between the neurobiological and
subjective manifestations of negative affect and

drinking behavior.®

Discussion and Future Directions

The term “comorbidity” has become a fairly generic
reference for co-occurring alcohol and anxiety

or depressive disorders. Yet ontologically, the
presence of two or more distinct, clinical diagnoses
remains firmly fixed in an increasingly strained

medical-diagnostic paradigm of psychopathology
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classification. Central to this strain is the assumption
that specific diagnostic dyads are the appropriate
unit of analysis for studying co-occurring negative
affect and alcohol misuse. However, negative

affect is common to many anxiety and depressive
disorders and can increase the risk for alcohol misuse,
particularly when drinking to cope with negative
affect is the motive.

Unidirectional causation theories

The notion of a simple, unidirectional, causal link
between co-occurring disorders is not supported by
the findings reviewed in this article. A prospective
study has shown that either experiencing clinical-
level anxiety or engaging in chronic alcohol misuse
increases the risk of developing the other.?! In
addition, clinical research shows that effectively
treating one co-occurring condition does not
substantively affect the other. Viable explanations
for the relationship between co-occurring conditions
include the possibility of a common cause for both
conditions or bidirectional causation between the
conditions. For example, dysregulated stress response
or regulation may be a common risk factor for the
development of both alcohol and anxiety disorders.
Also, the concept of causation among co-occurring
conditions may be based on an incorrect assumption.
Rather than two distinct conditions, each requiring a
cause, negative affect and alcohol misuse may be parts
of a single, neurobiological-behavioral syndrome.
This view aligns mostly with recent neurobiological
theories of addiction, but it also shares similarities
with early typologies, in which negative affect
was considered a fundamental trait among a large
subgroup of people who had problems with alcohol.

Shared neurobiology

The research reviewed in this article shows that
trauma and chronic stress, as well as a familial risk
for problems with alcohol, are associated with the
dysregulated stress-response systems implicated in the
development of both alcohol and anxiety disorders.
In addition, chronic alcohol use is associated with
dysregulated stress-responding, which, in turn,

is associated with relapse following treatment for
alcohol problems. Collectively, these and related
findings point to overlapping neurobiological
vulnerabilities.
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The overlapping neurobiology of negative affect
and AUD is supported by several lines of research
that implicate specific brain circuits related to
both conditions. The central amygdala regulates
negative affect states,”° and research suggests the
central amygdala plays a role in physiological and
behavioral responses to stress, anxiety, and alcohol-
or drug-related stimuli. Similarly, human imaging
and animal research demonstrate abnormal central
amygdala function in individuals with alcohol or
anxiety disorders.”® A consensus is building that the
central amygdala serves as a central hub for anxiety
and alcohol circuits owing to its strong connection
and influence on brain areas involved in executive
function (medial prefrontal cortex), emotion
regulation, stress responsivity (paraventricular
hypothalamus and locus coeruleus), and reward
processing (nucleus accumbens shell and ventral
tegmental area).”>? Crucial to the overlapping
neurobiology conjecture, research shows that
chronic alcohol use results in neuroadaptations
to the central amygdala that are similar to the
neuroadaptations that occur after chronic stress.” If
the neurodysregulations underlying anxiety or mood
conditions and alcohol misuse overlap, it becomes
reasonable to hypothesize that the common co-
occurrence of these conditions may be an outgrowth
of this shared neurobiology.*

The shared neurobiology thesis implies several
unique and nonobvious hypotheses. For example,
having either condition should be a risk marker
for developing the other. This is consistent with
prospective, observational studies showing that
having either an anxiety disorder or AUD at any
time increases the relative risk for future development
of the other disorder. The shared neurobiology view
also implies that the transition from nonproblematic
alcohol use to AUD (roughly corresponding to the
withdrawal/negative affect stage of addiction in
the opponent process model)*! should require less
overall alcohol exposure for people with anxiety and
depressive disorders.

This hypothesis, called “telescoping,” theorizes
that having either condition indicates perturbed
neurobiology that is also relevant to developing
the other condition. Examinations of transitions
from nonproblematic or no use to problematic
use of alcohol or nicotine support the telescoping
hypothesis.’>*® People with anxiety disorders
transitioned significantly faster than those with



no anxiety disorder from initial use milestones

to substance dependence. This effect was more
pronounced for people who had multiple anxiety or
mood disorders, even after controlling for lifetime
drug exposure.””*®

Anxiety problems in the absence of
alcohol misuse

As already discussed, an analysis of epidemiological
data shows that people who report drinking to cope
with anxiety symptoms have increased prospective
risk for developing alcohol dependence.'? People
with anxiety disorders who do not drink to cope
with their symptoms do not have an increased risk
for AUD. This is good news, because most people
with anxiety disorders do not report drinking

to cope with their symptoms, but it also raises
questions. For example, why do some people

with anxiety problems drink to cope and others

do not? Also, if this population has no increased
risk for AUD, how is that consistent with the
shared neurobiology thesis? Perhaps currently
unknown factors—cultural, psychological, or
biological—protect these biologically vulnerable
individuals by discouraging drinking to cope.

Alcohol misuse in the absence of anxiety

Not all people struggling with alcohol problems
meet diagnostic criteria for anxiety disorders. As
already discussed, an analysis of epidemiological
data suggests that a DSM-IV diagnosis of alcohol
abuse (i.e., negative consequences from alcohol
use) without alcohol dependence does not correlate
with anxiety disorder diagnoses.'® The opponent
process model suggests that all advanced cases of
substance use disorder ultimately involve negative
affect (although they may not necessarily manifest
as diagnosable anxiety disorders), whereas the
typology and medical/diagnostic models suggest
that only a particular subgroup of people who have
problems with alcohol will have the key feature of
negative affect.

These different models are not necessarily
irreconcilable when considering the patho-
developmental trajectory of addiction. During
the early binge/intoxication (impulsive) stage of
addiction, the opponent process model would
anticipate low levels of negative affect, but during the

later stage of negative affect/withdrawal, the model
specifies the presence of significant negative affect
and drinking to cope. Cross-sectional snapshots of
people who have significant alcohol problems might
reveal groups with anxiety (Apollonian) and groups
without anxiety (Dionysian), but, ultimately, all may
become Apollonian types as addiction advances.
People who manifest anxiety problems before alcohol
problems may transition very rapidly (telescope)
from binge/intoxication (Dionysian) to negative
affect/withdrawal (Apollonian), whereas others may
make this transition more slowly or, perhaps, never.

Stress reactivity and regulation

Stress responses in terms of both reactivity and
regulation include frequently disjunctive, subjective
and objective indicators. Curiously, subjective
indicators of acute stress response commonly are
elevated in individuals who have anxiety or alcohol
problems, whereas the objective indicators tend to
be acutely blunted, with diminished regulation.”®*
Also, research has well-established that perturbations
in the neurobiological systems that govern biological
responses to stress are associated with poorer
alcohol and other substance use disorder treatment
outcomes.**

For investigators seeking to bridge the multiple
disciplines included in this review, the findings
concerning stress responses pose challenges and
opportunities for future research. For example,
can individuals with AUD be distinguished
meaningfully based on objective stress reactivity
and regulation indicators, and do subjective anxiety
symptoms mark or moderate this distinction? For
augmenting treatment for AUD, would targeting
biological stress reactivity (e.g., hypothalamic
pituitary adrenal activation) be more promising
than targeting anxiety disorders? Among people who
have problems with alcohol, do those with versus
those without co-occurring anxiety disorder react
differently to protracted abstinence and withdrawal
in terms of severity and persistence of dysregulation
of the stress response? Prospective studies across
the distinct stages of treatment and recovery for
alcohol-related disorders may shed needed light
on the relationships between alcohol, anxiety, and
stress reactivity and regulation. Such studies have
the potential to reveal the trajectory of re-regulation
of the stress response during abstinence and how
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it relates to anxiety symptoms and relapse risk.
Understanding these parameters could make a
valuable contribution toward using the stress system
as a recovery biomarker.

Limitations

This review of literature from multiple disciplines
required sacrificing depth for breadth. The material
cited is largely limited to seminal studies and other
reviews. In addition, complex research on stress
and neurobiology is discussed in ways sufficient
to make particular points but without providing
a comprehensive or in-depth description of the
underlying work. Doing so is beyond the scope of
this article, but the approach presented in this article
runs the risk of oversimplifying complex topics and
obscuring relevant details. Also, this review does not
address potentially important individual differences,
such as sex.

Finally, the assumption that common areas
of construct space exist across the disciplines of
psychiatry, psychology, and neuroscience is open to
debate. For example, medically oriented researchers
might view subclinical negative affect as qualitatively
rather than quantitatively distinct from diagnosed
anxiety disorders. Similarly, it could be argued that
dysregulated biological stress responses share little
construct space with subjective negative affect and
drinking to cope. However, as already noted, a
dysregulated stress response is a known biological
marker for the development of anxiety disorders and
AUD, as well as for relapse.

Conclusion

This review broadens the psychiatric perspective
on the association between diagnosable

alcohol and anxiety disorders to include the
psychological/learning and neuroscientific
disciplines. Cross-referencing and reconciling

(if not integrating) discipline-specific approaches
may reveal opportunities for synergy.

The opponent process model offers a uniquely
suitable framework for transdisciplinary
cross-referencing and integration. This
neurobiological model aligns with the Research
Domain Criteria® framework’s approach to
characterizing psychopathology and, thereby,
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avoids being trapped by the diagnostic specificity
that has failed to survive empirical scrutiny. In this
model, the roles of motivation and reinforcement

in fundamental learning processes, which were

first explored in the operant-behavioral tension-
reduction hypothesis, are integrated within a
pathodevelopmental framework for substance
misuse. The model also accommodates individual
differences in neurosusceptibility to AUD within
brain systems known to be affected by stress, anxiety,
and depression. To better evaluate how negative
affect is associated with alcohol misuse, the opponent
process model expands the scope from a narrowly
defined subset of individuals with co-occurring
alcohol and anxiety disorder diagnoses to include
the wider range of individuals who have advanced

to the negative affect/withdrawal stage of addiction.
Finally, the model provides promising and specific
neurobiological (e.g., corticotropin releasing factor)
and psychological (e.g., drinking to cope) targets for

novel interventions.
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FOCUS ON

Biobehavioral
Interactions Between
Stress and Alcohol

Marcus M. Weera and Nicholas W. Gilpin

In this review, the effects of stress on alcohol drinking
are discussed. The interactions between biological
stress systems and alcohol drinking are examined,
with a focus on the hypothalamic pituitary adrenal
axis, corficotropin releasing factor, dynorphin,
neuropeptide Y, and norepinephrine systems.
Findings from animal models suggest that these
biological stress systems may be useful targets for
medications development for alcohol use disorder
and co-occurring stress-related disorders in humans.

KEY WORDS: alcohol; animal models; stress

Behavioral Interactions Between
Stress and Alcohol

Epidemiological studies of humans suggest that stress
increases alcohol drinking. For example, findings
from the 2001-2002 National Epidemiologic Survey
on Alcohol and Related Conditions show that the
number of past-year stressors is positively associated
with prevalence of current drinking, current binge
drinking, and alcohol use disorder (AUD) diagnosis.'
However, as with most epidemiological human
studies, the temporal and causal relationships between
stress exposure and alcohol drinking are difficult to
determine. Therefore, studies using animal models
represent a useful complement for examining
relationships between stress and alcohol drinking.
Keyes and colleagues reviewed key epidemiological
findings that show that stress exposure is associated
with increased risk for AUD.!

Historically, studies using animal models to test
the relationship between stress and alcohol drinking
have focused on stress-induced reinstatement of
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alcohol-secking as a model of stress-induced
alcohol relapse in humans. In this procedure,
animals are trained to self-administer alcohol in

an operant task, that behavior is then extinguished
(by omitting alcohol as reinforcement for lever
pressing), after which exposure to a stressor (e.g.,
footshock) reinstates lever pressing for alcohol (i.e.,
alcohol-seeking).” In fact, stress has consistently
been shown to reinstate seeking of a variety of
drugs, including heroin, cocaine, and nicotine.?

A more limited body of literature shows that stress
may increase alcohol consumption, but this effect
depends heavily on a number of factors, including
the stressor and the alcohol-drinking model used, as
well as the species, sex, and age of the experimental
animals.* Studies that show stress-induced
escalation of alcohol drinking in rodents, with or
without prior experience of alcohol drinking, are
summarized in Table 1.>"" Stress also can synergize
with exposure to high doses of alcohol to produce
faster and more robust escalation of alcohol
drinking in mice.'”” However, it is noteworthy that
many stress procedures do not produce escalated
alcohol drinking in rodents, and there is a paucity
of animal models for studying stress-induced
escalation of alcohol drinking and related behaviors
(e.g., anxiety).'>™

On the other hand, chronic exposure to high
doses of alcohol (which is an animal model of
alcohol dependence) increases stress reactivity
during withdrawal. For example, rats”® and mice'®
exposed to chronic high-dose alcohol, followed
by restraint stress during withdrawal, show higher
levels of stress-induced anxiety-like behavior (in
the elevated plus maze test) and suppression of
social interaction, respectively, compared to their
alcohol-naive counterparts.

Stress and Alcohol | el
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Table 1 Studies of Stress-Induced Escalation of Alcohol Drinking in Rodents

Procedure | Developmental Stage Alcohol-Drinking Procedure
at Exposure

Stress > Alcohol Drinking

In Rats Adult Repeated footshocks®
Adolescent Postweaning social isolation®”

In Mice Adult Repeated social defeat”
Adolescent Postweaning social isolation®

Alcohol Drinking - Stress > Alcohol Drinking

In Rats Adult Single exposure fo soiled cat litter’t
Adult Single exposure fo bobcat urine'®t*
In Mice Adult Repeated social defeat or forced swim'!

“Stress increased alcohol drinking only in male rats.
'Stress increased alcohol drinking only in rats that were highly siress reactive.

Two-bottle choice drinking
Two-bottle choice drinking and operant self-administration
Two-bottle choice drinking

Two-bottle choice drinking

Two-bottle choice drinking
Operant self-administration

Two-bottle choice drinking

“Stress increased responding for quinine-adulterated alcohol (aversion-resistant responding) in rats that were highly siress reactive.

Data from animal models suggest that stress may
not only trigger relapse to alcohol drinking but also
increase subsequent alcohol drinking. Animal studies
also show that exposure to high doses of alcohol
increases stress reactivity. These studies suggest that
stress exposure may facilitate development of AUD
in humans, which may increase the likelihood
of developing a stress-related disorder, further
exacerbating AUD. The precise mechanisms through
which this occurs are unclear, but dysregulation of
brain stress signaling systems is likely to play a central
role. Stress and chronic alcohol exposure alter the
activity of brain stress systems, and dysregulation of
these systems has demonstrable effects on alcohol
drinking. The next section summarizes key findings
from animal studies regarding the interaction between
alcohol and brain stress systems.

Neurobiological Interactions Between
Stress and Alcohol

Although alcohol often is consumed to alleviate
stress,' alcohol may activate some brain stress
systems and may be considered a stressor itself."”

A body of literature shows that dysregulation of
brain stress systems induced by stress or chronic
high-dose alcohol exposure contributes to escalation
of alcohol drinking or to alcohol-seeking relapse.
This section summarizes key findings from research

€2 | Alcohol Research: Cuurrent Reviews | Vol 40No 1 | 2019

on several brain stress systems that likely mediate
stress-alcohol interactions.

Hypothalamic pituitary adrenal axis

One of the main physiological responses to

stress is activation of the hypothalamic pituitary
adrenal (HPA) axis. This process begins with

release of corticotropin releasing factor (CRF)

from cells in the paraventricular nucleus of the
hypothalamus, which leads to increased release of
adrenocorticotropic hormone in the pituitary, which
stimulates glucocorticoid (cortisol in humans and
corticosterone in rodents) release in the adrenal gland.
Therefore, HPA activation is generally considered

to be “pro-stress,” but the effects of HPA activity

and corticosterone level on stress-related outcomes
(e.g., anxiety-related behaviors) may depend on
several factors. In animals, administration of
corticosterone systemically or into the brain increases
alcohol drinking,'® and systemic glucocorticoid
receptor blockade with mifepristone reduces alcohol
drinking," suggesting that glucocorticoid signaling
modulates alcohol drinking. In addition, research has
shown that infusion of mifepristone into the central
amygdala attenuated stress-induced reinstatement

of alcohol-seeking,” suggesting that glucocorticoids
act on specific brain regions to modulate alcohol
relapse-like behavior.
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Interestingly, in a study that used a predator
odor stress model, a blunted plasma corticosterone
response in rats following predator odor exposure
predicted high stress reactivity (avoidance of a
stress-paired context).”! Also, systemic corticosterone
treatment before the stress exposure reduced the
percentage of animals that were highly stress reactive
(Avoiders) and reduced the magnitude of their stress
reactivity (avoidance).” After stress, the Avoiders
exhibited increased alcohol drinking, as compared
to the Non-Avoiders,'® which suggests that failure
to mount a proper HPA response to traumatic stress
predicts later escalation of alcohol drinking, which is
similar to the notion that failure to mount a proper
HPA response to traumatic stress predicts later
post-traumatic stress disorder pathology® and poor
treatment response**? in humans.

Studies of rodents have demonstrated that acute
alcohol exposure (experimenter-administered or
self-administered) stimulates corticosterone release,
mimicking a stressor.”*?’ In one study that used
a model of chronic, high-dose alcohol exposure,
alcohol-dependent rats, when compared with
control rats, showed lower basal corticosterone
levels during withdrawal and smaller increases in
corticosterone following experimenter-administered
or self-administered alcohol.”” However, this effect
may depend on factors such as the rodent species™
and whether total or free amounts of glucocorticoids
were measured.” This response is akin to the blunted
corticosterone response shown in Avoider rats
following exposure to traumatic stress.

In addition, a high basal corticosterone level in
rats has been shown to protect against stress-induced
and corticosterone injection—induced exacerbation
of anxiety-like behavior.*® Therefore, a blunted
corticosterone response to alcohol or stress may
be a common mechanism through which chronic,
high-dose alcohol or traumatic stress increases alcohol
drinking and stress-related disorders. However,
Perusini and colleagues found that inhibition
of corticosterone synthesis before stress blocked
stress-enhanced fear conditioning.”'

Studies of rats also have shown that glucocorticoid
receptor levels in the brain were elevated following
chronic alcohol exposure, and that mifepristone
blockade of glucocorticoid receptors in these rats,
systemically or within the central amygdala, reduced
escalation of alcohol drinking.** Collectively,
these findings suggest that HPA function and

glucocorticoid receptor signaling in the brain, perhaps
in specific brain regions, are important targets for
medications development for AUD and co-occurring
stress-related disorders.

CRF system

Aside from being a critical component of the
neuroendocrine stress response, CRF signaling

in extrahypothalamic brain regions is also a

critical mediator of stress-alcohol interactions.

For example, intraventricular infusions of a CRF
receptor antagonist have been shown to attenuate
stress-induced reinstatement of alcohol-seeking in
rats,”® and systemic blockade of CRF, receptors

has produced similar effects.* Systemic CRF,
receptor blockade also has been shown to reduce
escalated alcohol drinking after exposure to stress
induced by predator odor (in rats)® or by social
defeat (in mice).* In studies of alcohol-dependent
animals, intraventricular infusions of the CRF
receptor antagonist D-Phe-CRF(12-41) reduced
escalated alcohol drinking for both rats”” and mice®®
during withdrawal. This effect is mediated, at least
in part, by the central amygdala, as infusion of
D-Phe-CRF(12-41) into the central amygdala also
has been shown to reduce escalated alcohol drinking
in alcohol-dependent rats during withdrawal.** CRF
effects on escalated alcohol drinking appear to be
mediated largely by the CRF, receptor. For example,
researchers have reported that systemic CRF, receptor
blockade reduced escalated alcohol drinking in
mice and rats*! after chronic exposure to high doses
of alcohol.

Collectively, these findings suggest that neural
processes mediated by CRE-CREF, receptor signaling
play an important role in escalation of alcohol
drinking, and in alcohol-secking relapse, induced by
stress or by chronic, high-dose alcohol exposure. For
more detailed discussions of this topic, please refer
to reviews by Phillips and colleagues,** Spierling and
Zorrilla, and Pomrenze and colleagues.*

Dynorphin system

Stress generally increases brain dynorphin levels,®
and dynorphin signaling via kappa-opioid receptors
(KORs) mediates stress effects on behavior. For
example, chronic stress (repeated forced-swim

or repeated footshock stress) has been shown to
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produce dysphoria-like behaviors in mice that can

be attenuated by systemic KOR blockade or by gene
deletion. In one study, systemic administration of
KOR antagonists reduced stress-induced escalation
of alcohol drinking and alcohol-induced place
preference in mice.” In another study, systemic KOR
blockade attenuated reinstatement of alcohol-seeking
in rats, which had been induced by yohimbine (an
alpha,-adrenergic receptor antagonist often used as a
pharmacological stressor).*

These results are complemented by findings that
dynorphin-KOR signaling in the brain is enhanced
by chronic, high-dose alcohol exposure. For example,
alcohol-dependent rats, relative to nondependent
controls, have been shown to exhibit higher
dynorphin levels and increased KOR function in the
amygdala during withdrawal.”” In the same study,
KOR blockers, administered systemically or directly
into the central amygdala, reduced escalated drinking
in alcohol-dependent rats during withdrawal. Reviews
by Anderson and Becker® and Karkhanis and
colleagues’® provide further discussion on the role of
this system in stress-alcohol interactions.

NeuropeptideY system

In contrast to the CRF and dynorphin systems,
the neuropeptide Y system is generally thought to
produce anti-stress effects. For example, following
predator odor exposure, rats that exhibited high stress
reactivity had lower neuropeptide Y levels in the
brain, relative to rats that had lower stress reactivity.?
In the same study, an infusion of neuropeptide Y into
the brain an hour after stress exposure reduced the
number of rats that subsequently exhibited high stress
reactivity. In another study, neuropeptide Y infusion
into the brain, followed by yohimbine-induced stress,
attenuated reinstatement of alcohol-seeking.>
Compared to alcohol-naive controls, alcohol-
dependent rats have been shown to exhibit lower
neuropeptide Y expression in several brain areas
associated with negative affect and motivation,
including amygdalar, cortical, and hypothalamic
subregions.” These results suggest that chronic,
alcohol-induced neuropeptide Y deficits in the brain
may contribute to escalation of alcohol drinking and
to negative affect during withdrawal. In other studies,
an intracerebroventricular infusion of neuropeptide Y
into the whole brain® or specifically into the central
amygdala®® reduced escalation of alcohol drinking in
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alcohol-dependent rats, suggesting that modulation
of neuropeptide Y signaling in the brain may have
therapeutic value in the treatment of AUD.

Both neuropeptide Y receptor subtypes (Y, and
Y,) have demonstrated roles in regulating alcohol
drinking in rodents. For instance, intraventricular
infusion of a Y, receptor agonist or a Y, receptor
antagonist has been shown to reduce alcohol
drinking in mice.” In a study of rats, the ability of
a'Y, receptor antagonist (via intracerebroventricular
administration) to reduce alcohol drinking may have
been potentiated in animals that were chronically
exposed to high-dose alcohol.® However, Kallupi
and colleagues found that a Y, receptor antagonist
(administered systemically or into the central
amygdala) attenuated only anxiety-like behavior, but
not alcohol drinking, in rats chronically exposed to
high-dose alcohol.”

Researchers have reported that Y, and Y, receptors
regulate alcohol drinking in a brain region—specific
manner. For example, research has demonstrated that
Y, receptor activation or Y, receptor blockade in the
medial prefrontal cortex reduced alcohol drinking
in mice,”® whereas Y, receptor activation in the
paraventricular nucleus increased alcohol drinking in
rats.! Further discussions of this topic can be found
in reviews by Robinson and Thiele®® and Thorsell
and Mathé.®

Norepinephrine system

The locus coeruleus is densely packed with
noradrenergic neurons that project to specific brain
nuclei in the amygdala, prefrontal cortex, and
hippocampus and that are important in the regulation
of emotion and motivation.* Stress engages some
of these projections. For example, in a study of rats,
immobilization stress increased norepinephrine release
in the central amygdala.®® In a different study of the
central amygdala, alpha -adrenergic receptor blockade
with prazosin reduced stress-induced augmentation
of anxiety-like behavior.®® Research has also
demonstrated that prazosin blocked stress-induced
reinstatement of alcohol-seeking in rats.*” In a study
of rats chronically exposed to high-dose alcohol,
administration of prazosin®® or the beta-adrenergic
receptor blocker propranolol® blocked escalation of
alcohol drinking during alcohol withdrawal.

Stress and chronic alcohol exposure also increase
the activity of the sympathetic nervous system
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(a subdivision of the autonomic nervous system,
which mediates the flight-or-fight response) and
thereby affect the function of many organ systems, in
part through increased noradrenergic signaling. For
example, psychosocial stress in mice has been shown
to increase blood pressure via an alpha,-adrenergic
receptor—dependent mechanism.”

During withdrawal from chronic, high-dose
alcohol exposure, increases in sympathetic activity
contribute to aversive physiological symptoms,
such as increased blood pressure, heart rate, and
sweating, which are thought to contribute to relapse
in abstinent individuals.”! In studies of rats, blockade
of alpha,- and beta-adrenergic receptors’>’? and
activation of alpha,-adrenergic autoreceptors’
reduced alcohol withdrawal symptoms such as
convulsions, tremors, and locomotor hyperactivity.
In another study of rats, blockade of norepinephrine
signaling during withdrawal attenuated alcohol
drinking.®® See the review by Vazey and colleagues’
for further discussion of this topic.

Conclusion and Future Directions

Brain stress systems mediate the effects of stress on
alcohol drinking and the effects of chronic alcohol
exposure on subsequent alcohol drinking and stress
reactivity. Therefore, brain stress systems are useful
targets for the development of medications for
AUD and for co-occurring stress-related disorders.
More specifically, glucocorticoid, CRE dynorphin,
neuropeptide Y, and norepinephrine systems may
be useful targets for modulating stress-alcohol
interactions. Several pharmacological agents that
target these systems are promising candidates for
the treatment of AUD and co-occurring mental
health conditions in humans.” In addition,
emerging evidence has shown that several other
brain stress signaling systems, such as oxytocin,”®
nociceptin,””’® and neuropeptide S,” also contribute
to stress-alcohol interactions, suggesting they

also may be promising therapeutic targets. To
guide medications development for AUD and
co-occurring stress-related disorders, future studies
should elucidate the mechanisms through which
stress-related neuropeptide and neurotransmitter
systems affect alcohol- and stress-related behaviors,
including how these systems interact or modulate

glutamate and gamma-aminobutyric acid (GABA)
neurotransmission in specific circuits.®*®!
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Pharmacotherapy for
Co-Occurring Alcohol Use
Disorder and Post-Traumatic
Stress Disorder

Targeting the Opioidergic,
Noradrenergic, Serotonergic, and
GABAergic/Glutamatergic Systems

Terril L. Verplaetse, Sherry A. McKee, and Ismene L. Petrakis

Alcohol use disorder (AUD) and post-fraumatic stress disorder (PTSD)
are highly comorbid, and freatment outcomes are worse in individuals
with both disorders. Several neurobiological systems have been
implicated in the development and maintenance of AUD and PTSD,
and pharmacologic inferventions targeting these systems for singular
diagnoses of AUD or PTSD have proven effective. However, there are no
established treatments for co-occurring AUD and PTSD, and relatively
few studies have examined potential pharmacotherapy for treating
symptoms of both AUD and PTSD in comorbid populations. This review
provides a brief overview of the studies fo date on pharmacotherapeutic
freatment interventions for comorbid AUD and PTSD and highlights future
directions for promising targets that have potential in the freatment
of individuals with this dual diagnosis. Clinical implications of these
findings are also discussed. While current medications targeting the
opioidergic, noradrenergic, serotonergic, and GABAergic/glutamatergic
brain systems are only modestly efficacious in improving symptoms
in individuals with comorbid AUD and PTSD, novel fargets within these
neurobiological systems may be clinically useful for freating alcohol use
outcomes and PTSD symptom severity. More work is needed fo optimize
pharmacologic freatment strategies that target both alcohol-motivated
behavior and PTSD-related symptoms in individuals with co-occurring
AUD and PTSD.

KEY WORDS: alcohol; alcohol use disorder (AUD); comorbidity;
pharmacotherapy; post-traumatic stress; post-traumatic stress
disorder (PTSD)
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Introduction

Over the past decade, 12-month alcohol use, high-
risk drinking, and alcohol use disorder (AUD) have
increased by 11.2%, 29.9%, and 49.4%, respectively,
in the United States.! In addition to increasingly high
prevalence rates of AUD and the severe health and
economic consequences associated with the disorder,?
AUD is also highly comorbid with other psychiatric
illnesses. One such comorbidity is post-traumatic
stress disorder (PTSD). PTSD is a chronic and
disabling disorder and is characterized by intrusive or
distressing thoughts, persistent avoidance of stimuli
related to the traumatic event, negative alterations
in cognition or mood, and symptoms of arousal
following exposure to a traumatic event. Lifetime
and 12-month prevalence of PTSD in the general
population are 6.1% and 4.7%, respectively.® This
percentage is larger in certain populations, such as
veteran populations, where lifetime prevalence ranges
from 6.9% in U.S. veterans to 37.3% in war-specific
cohorts.* Previous estimates suggest that individuals
with PTSD are more likely to have comorbid AUD,
as much as 42% of individuals within the general
population® and 55% of veterans.* This is consistent
with recent epidemiologic findings demonstrating
a reciprocal relationship between the two disorders,
such that the odds of having PTSD are significantly
greater in individuals with lifetime AUD.*
Individuals with both AUD and PTSD
typically exhibit worse outcomes, ranging from
social consequences and psychological problems
to treatment responses, when compared with
individuals with either diagnosis alone.” Individuals
with comorbid AUD and PTSD tend to have more
severe PTSD symptoms, increased alcohol-related
problems, increased risk of relapse, more frequent
hospitalizations, increased emotional dysregulation,
and increased odds of additional psychiatric
comorbidity and suicide attempts than individuals
with either disorder alone.®? Other difficulties
in this comorbid population include increased
unemployment and homelessness. To further
complicate the picture, only 19.8% and 59.4% of
those with singular diagnoses of lifetime AUD and
PTSD, respectively, ever seek or receive treatment,>®
and treatment-seeking rates in individuals with
comorbid AUD and PTSD are very low.® Treatment

adherence and response are also poorer in individuals
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with both disorders, compared with individuals with
a singular diagnosis.’

The neurobiology underlying AUD and PTSD
is complex and not fully understood. While
not comprehensive of all systems, the opioid,
norepinephrine, serotonin, gamma-aminobutyric
acid (GABA), and glutamate neurotransmitter
systems are independently implicated in the
pathophysiology of the development and
maintenance of both AUD and PTSD.”!® Extensive
research has focused on the opioidergic system
specifically for AUD' and to a lesser extent for
PTSD." More recent attention has focused on the
importance of the role of brain stress systems in both
drinking behavior'® and PTSD symptomology,'*
highlighting the importance of the noradrenergic
system. “Feed-forward” mechanisms within the
stress systems may mediate exaggerated stress
responses in individuals with AUD and PTSD. In
brief, corticotropin-releasing hormone stimulates
the release of norepinephrine in response to stress."
Increased levels of norepinephrine are thought to
play an important role in arousal, drug-motivated
behaviors, withdrawal, and PTSD. Further,
norepinephrine release and stress can lead to the
release of serotonin," which is commonly associated
with anxiety disorders and depression but also
PTSD. Recent evidence suggests that GABAergic
and glutamatergic pathways may also be linked
to AUD and PTSD. GABA and glutamate work
synergistically and are important in neural plasticity,
memory consolidation, fear learning, anxiety, and
drug craving,'® lending support for these systems
in the maintenance of AUD and PTSD. Targeting
alcohol responses and stress reactivity within
these systems to treat comorbid AUD and PTSD
represents a niche area of research and warrants
further investigation.

Although several thorough reviews on
interventions for comorbid AUD and PTSD have
been published recently,'® this review aims to
discuss pharmacotherapy for comorbid AUD and
PTSD in terms of five neurobiological systems: the
opioidergic, noradrenergic, serotonergic, GABAergic,
and glutamatergic systems. While not comprehensive
of all systems that may be dysregulated by both
AUD and PTSD, most of the existing work
examining pharmacologic treatments in individuals
with comorbid AUD and PTSD have focused on
these neurobiological systems. To date, there are 12
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studies, including randomized controlled trials, small
open-label trials, and retrospective studies, that have
examined pharmacotherapy targeting opioidergic,
noradrenergic, serotonergic, and GABAergic/
glutamatergic systems for the treatment of co-
occurring AUD and PTSD. These studies, reviewed
in this article, indicate that there is limited to modest
efficacy in reducing both alcohol use outcomes and
symptoms associated with PTSD in individuals with
a dual diagnosis. Because effective pharmacologic
treatments remain elusive, finding novel treatment
targets or pharmacotherapeutic treatment strategies
for comorbid AUD and PTSD is critical.

The purpose of this review is to provide an
overview of current clinical trials and human
experimental studies examining pharmacotherapy for
comorbid AUD and PTSD. For each neurobiological
system discussed, we provide potential candidates
that could be examined in future studies on effective
treatment targets. Finally, we provide future research
directions and suggestions that have potential to
advance the field toward improvements in clinical
treatment options for individuals with both AUD
and PTSD. While there is a rich literature on
behavioral treatments for comorbid AUD and
PTSD, behavioral interventions are beyond the scope
of the present review (see Simpson, Lehavot, and
Petrakis for a review of behavioral clinical trials).!”

Agents Acting on
the Opioidergic System

Naltrexone, a nonselective opioid antagonist that

is one of four U.S. Food and Drug Administration
(FDA)-approved medications to treat AUD, was
approved based on two randomized controlled trials
that demonstrated reductions in alcohol craving,
drinking days, and risk to alcohol relapse.'® Few
studies have examined naltrexone for PTSD without
comorbidity, and results are mixed and limited by
small sample sizes."> To date, three studies have
examined oral naltrexone for treating co-occurring
AUD and PTSD,'®* demonstrating modest efficacy
on alcohol use outcomes and craving and limited
efficacy for improving some PTSD symptoms.

In veterans with comorbid AUD and PTSD,
naltrexone, when compared with placebo, effectively
reduced the percentage of heavy-drinking days and

increased consecutive days of abstinence.'® But in a
separate study of veterans with comorbid AUD and
PTSD, naltrexone given in addition to paroxetine or
desipramine, serotonin and norepinephrine reuptake
inhibitors, respectively, decreased alcohol craving but
did not influence drinking outcomes." Both studies
used 50 mg/day naltrexone, and the latter study did
not examine naltrexone alone.

One other study examined 100 mg/day naltrexone
in both civilians and veterans with comorbid
AUD and PTSD.” In that study, naltrexone,
relative to placebo, decreased alcohol craving and
the percentage of drinking days. PTSD symptom
severity declined over the course of all three studies,
but there was no advantage of naltrexone over
placebo. Further, in an exploratory analysis, Foa and
colleagues demonstrated that individuals treated with
naltrexone and prolonged exposure therapy were
more likely to have a clinically meaningful reduction
in PTSD symptom severity at 6-month follow-up,
compared with the other three treatment conditions:
placebo plus prolonged exposure therapy, naltrexone
plus supportive counseling, or placebo plus
supportive counseling.?’ It should be noted that these
studies were conducted with veterans and civilians
who had a dual diagnosis of AUD and PTSD,

suggesting efficacy across multiple populations.

Other Opioidergic Medications

Naltrexone was efficacious in reducing alcohol

use outcomes but did not consistently or robustly
improve PTSD symptoms in individuals with
AUD and PTSD. Other medications targeting
the opioidergic system show promise in reducing
symptoms associated with singular diagnoses of
AUD or PTSD, but these medications have yet

to be tested in individuals with AUD and PTSD
comorbidity. For alcohol, randomized controlled
trials demonstrate that nalmefene, a combined
mu-opioid receptor antagonist and partial kappa-
opioid receptor agonist, is effective in reducing a
number of alcohol use outcomes, compared with
placebo, in individuals with AUD (see Mann et al.
for a review).?! Older studies have also evaluated
nalmefene for PTSD, with some indication that
nalmefene reduces emotional numbing, nightmares,
flashbacks, intrusive thoughts, and other PTSD-

associated symptoms.”> However, to date, no studies
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have examined nalmefene for comorbid AUD
and PTSD.

Other findings suggest that signaling at primarily
kappa-opioid receptors plays a role in alcohol-
motivated behaviors. Preclinical studies suggest that
the kappa-opioid receptor antagonists JDTic and
nor-binaltorphimine (nor-BNI) attenuate alcohol
self-administration and cue-induced reinstatement
of alcohol-seeking in rodents, with some indication
that kappa-opioid receptor antagonists are more
effective in alcohol-dependent versus nondependent
animals.” Kappa-opioid receptors are also thought
to play a role in regulating stress and anxiety, and
they have been suggested for use as pharmacologic
agents for the treatment of stress-related psychiatric
disorders.?* Because kappa-opioid receptor
antagonists have the ability to reduce persistent
hyperarousal and improve alterations in cognition,
characteristic symptoms of PTSD, they may be
useful for this clinical indication. Unfortunately, not
many studies have examined these pharmacologic
treatments for AUD or PTSD alone or for their
comorbidity. Targeting kappa-opioid receptors may
be a promising avenue for individuals with AUD and
PTSD, especially for individuals with severe AUD,
as JDTic was more effective in alcohol-dependent
rodents than in nondependent rodents.

Agents Acting on
the Noradrenergic System

Prior studies evaluating the efficacy of prazosin, an
alpha;-adrenergic antagonist, for separate indications
of AUD?*?¢ and PTSD?” have demonstrated
promising results in reducing alcohol- and PTSD-
related outcomes, respectively. However, to date,
only two studies have evaluated prazosin for co-
occurring AUD and PTSD, with mixed results. In
the first study, a 6-week, placebo-controlled trial

of 16 mg/day of prazosin was effective in reducing
percent drinking days per week and percent heavy-
drinking days per week in civilians and veterans with
comorbid AUD and PTSD.?8 Results also showed a
trend toward reduced alcohol craving. In the second
study, the same dose of prazosin (16 mg/day) was
not advantageous over placebo in reducing drinking
in veterans with comorbid AUD and PTSD,
although drinking did decline over the course of the
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12-week study overall.” This study was conducted
at two different Veterans Health Administration
(VHA) outpatient sites, and alcohol use outcomes
were confounded by a site difference, such that
better outcomes were demonstrated at the VHA site
providing sober housing during treatment. In both
studies, prazosin was not more effective than placebo
in improving PTSD symptoms or symptom severity.
One other study examined the noradrenergic
antidepressant desipramine, a norepinephrine
reuptake inhibitor, among veterans with comorbid
AUD and PTSD." In this clinical trial, which
did not include a placebo-only control group,
desipramine, versus the serotonergic antidepressant
paroxetine, decreased the number of drinks per
drinking day and the percentage of heavy-drinking
days. Like the two prazosin studies, there was a
decrease in PTSD symptoms over time but no
significant differences between medications.

Other Noradrenergic Medications

Of the two studies that evaluated prazosin for co-
occurring AUD and PTSD, only one found an effect
on drinking behavior,*® and neither found an effect
on PTSD outcomes.?®* While this is discouraging,

a recent human laboratory study indicated that
doxazosin, another alpha,-adrenergic antagonist,

was effective in reducing alcohol consumption in
individuals with AUD who had a strong family
history of alcohol problems.”” Studies on doxazosin
for PTSD also indicate that the drug may be effective
in reducing some PTSD symptoms.*' Doxazosin

is also currently being studied in individuals with
comorbid AUD and PTSD. Doxazosin may be
more advantageous than prazosin for the treatment
of either indication alone, or their comorbidity, due
to the long-acting nature of the drug. Doxazosin

has a half-life of approximately 18 hours, whereas
prazosin has a half-life of approximately 2 to 4 hours.
‘Thus, medication adherence and study retention
may improve due to a once-daily dosing schedule of
doxazosin compared with multiple prazosin doses
throughout the day.

Like prazosin and doxazosin, propranolol also
targets the noradrenergic system, but at beta-
adrenergic receptors, and it may be a treatment
option for individuals with comorbid AUD and
PTSD. While limited, studies in humans have shown
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that propranolol reduces alcohol craving and somatic
symptoms associated with alcohol withdrawal,** and
previous literature has demonstrated the efficacy

of propranolol in reducing intrusive traumatic
memories and flashbacks associated with PTSD.*

More recently, there has been interest in the
ability of propranolol to disrupt drug-related
memory reconsolidation, which may be effective in
reducing rates of drug relapse. In rodents, repeated
propranolol administration disrupted the memory
for alcohol-cue associations, such that animals
reduced responding for alcohol,** but results have
not been consistent.*” In humans, propranolol
decreased drug craving when administered before
memory reactivation through a script detailing a
personalized drug-taking experience.’® However,
like the preclinical findings, studies in humans have
had mixed results regarding propranolol’s ability to
disrupt drug-associated memory reconsolidation.”
Also, to our knowledge, propranolol has not yet been
tested specifically in humans for alcohol-associated
memories.

Propranolol has also been tested for its ability to
disrupt trauma-related memories. Evidence suggests
that propranolol effectively reduces physiologic
reactivity, fear-rated memories associated with
trauma, and PTSD severity, if given soon after a
traumatic event,”® and it may be used as a strategy
to reduce the development or severity of PTSD.
Because propranolol demonstrates efficacy in
reducing alcohol-motivated behavior, attenuating
PTSD symptoms, and disrupting both drug-
and trauma-associated memory reconsolidation,
propranolol may also be effective in reducing
alcohol use outcomes and PTSD symptom severity
in individuals with comorbid AUD and PTSD,
providing another potential avenue for treatment
and clinical improvement.

Agents Acting on
the Serotonergic System

Selective serotonin reuptake inhibitors (SSRIs) have
been the first-line of treatment for PTSD, with only
two SSRIs FDA-approved to treat PTSD—sertraline
and paroxetine.” However, the efficacy of SSRIs in
treating PTSD and associated symptoms is limited,
with less than 20% to 30% of patients achieving

full remission.*' Similarly, findings on SSRIs for

the treatment of AUD or associated symptoms

are limited.*? To date, few studies have examined

the effect of SSRIs on comorbid PTSD and AUD
conditions. In the 1990s, Brady and colleagues
conducted a small open-label pilot study of 200
mg/day of sertraline in individuals with comorbid
PTSD and AUD.* Participants self-reported

alcohol consumption, and the researchers found

that sertraline effectively reduced PTSD symptoms
and the average number of drinks consumed, and it
increased the number of days of alcohol abstinence.
Following these positive preliminary findings, larger
trials generally have been less successful at using
sertraline to treat alcohol-motivated behavior and
have had only modest success using sertraline to treat
PTSD.#* In these trials, individuals with comorbid
AUD and PTSD demonstrated decreases in drinking
behavior, but sertraline was no more effective than
placebo at influencing alcohol use outcomes.

Regarding PTSD, Brady and colleagues
demonstrated a trend such that sertraline decreased
PTSD symptom severity and the cluster symptoms
of hyperarousal and intrusion to a greater degree
than placebo.* Supporting these findings, Hien and
colleagues demonstrated greater reductions in PTSD
symptoms at the end of treatment for the sertraline-
treated group compared with the placebo group,”
and this effect was sustained at 6- and 12-month
follow-up. Interestingly, when treated with sertraline,
a subgroup of individuals with early-onset PTSD
and less severe AUD had more improvement in
alcohol use outcomes than individuals treated with
sertraline who had late-onset PTSD and more
severe AUD.* Further, a subsequent secondary data
analysis concluded that improved PTSD symptoms,
particularly hyperarousal, were associated with
improved alcohol-related symptoms,* possibly
suggesting that treatments targeted at reducing
hyperarousal or hyperreactivity may be more
beneficial in reducing symptoms of both AUD and
PTSD in this comorbid population.

Another study examined an FDA-approved
medication for the treatment of PTSD in veterans
with a dual diagnosis of AUD and PTSD."
Paroxetine was not better than desipramine in
reducing percent heavy-drinking days or drinks
per drinking day, but paroxetine was comparable
to desipramine in reducing PTSD symptoms.

As previously discussed, naltrexone in addition
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to paroxetine or desipramine reduced alcohol
craving, but there was no significant additive effect
of naltrexone in combination with paroxetine or
desipramine on drinking or PTSD symptoms.
Finally, although not an open-label or randomized
controlled trial, a retrospective study evaluated the
efficacy of quetiapine, an atypical antipsychotic with
antagonist effects at serotonin 5-HT), receptors,
among veterans with AUD, of whom 90% were
diagnosed with PTSD.” These veterans had been
treated with quetiapine for sleep disturbances,
as older and more recent work has shown that
quetiapine is effective in reducing disturbed sleep
and other symptoms associated with PTSD.*%
This retrospective study aimed to target alcohol use
outcomes, thus changes in PTSD symptom severity
were not reported. Quetiapine, when compared with
placebo, decreased the number of times admitted
for detoxification, increased the total number
of days abstinent from alcohol use, and trended
toward increasing time to relapse. While quetiapine
reduced alcohol craving and alcohol consumption
in individuals with AUD in preliminary human
laboratory, open-label, and retrospective studies, it
was not efficacious in reducing drinking outcomes in
a large, multisite clinical trial.*

Other Serotonergic Medications

As previously mentioned, sertraline and paroxetine
are the only two FDA-approved medications to treat
PTSD, and evidence suggests that these medications
target PTSD symptom severity, versus the overall
reduction or remission of PTSD symptoms, in
individuals without AUD and PTSD comorbidity.”
Further, based on findings in this review, sertraline
yields mixed results in comorbid populations
regarding the reduction of alcohol use outcomes and
PTSD symptoms. Trazodone, a second-generation
antidepressant and antagonist at serotonin 5-HT,
and alpha,-adrenergic receptors, is prescribed off-
label for singular AUD or PTSD and may be an
effective second-line treatment for individuals

with co-occurring AUD and PTSD. Likely due to
trazodone’s anxiolytic- and sedative-like properties,
early studies demonstrated that trazodone improved
sleep disturbances associated with AUD and alcohol
withdrawal.>* However, in a study of alcohol
detoxification patients, the trazodone-treated group
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increased alcohol consumption following cessation of
the medication.*

Regarding PTSD, older studies demonstrated
that trazodone decreased PTSD symptoms and
dysregulated sleep associated with PTSD.** In
individuals with co-occurring substance abuse and
anxiety symptoms, including PTSD symptoms,
trazodone decreased alcohol consumption and
reduced anxiety symptoms.” While trazodone
has not yet been investigated in individuals with
comorbid AUD and PTSD, and recently published
studies on the efficacy of trazodone for either
indication remain elusive, there is some evidence
suggesting that trazodone may be clinically useful for
treating sleep disturbances associated with both AUD
and PTSD and possibly their comorbidity. However,
results should be interpreted with caution until
further studies can establish the safety and efficacy of
trazodone in AUD and PTSD populations.

Further, 3,4-methylenedioxy-methamphetamine
(MDMA) has shown promise for treatment-resistant
and chronic PTSD.**” MDMA, a derivative of
methamphetamine, primarily acts to increase the
net release of serotonin, although it may stimulate
the release of other monoamine neurotransmitters
(dopamine and noradrenaline) as well. Pilot studies
and a long-term follow-up study demonstrated that
MDMA-assisted psychotherapy reduced PTSD
symptoms and increased self-reported improvement
in individuals with resistant, chronic PTSD.>® While
these results are encouraging for PTSD, to our
knowledge, MDMA has not been investigated as a
treatment for AUD or comorbid AUD and PTSD.
The abuse liability of MDMA may make it less
desirable as a medication for the treatment of any
substance use disorder (SUD), including AUD.

Agents Acting on the GABAergic and
Glutamatergic Systems

There is promising evidence suggesting that the
GABA and glutamate systems may be targets

for treating comorbid AUD and PTSD.”” While

not FDA-approved for the treatment of AUD,
topiramate, an anticonvulsant with action at both
GABA and glutamate receptors, has demonstrated
efficacy in reducing alcohol consumption in humans
and is recommended as a second-line treatment.'
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Furthermore, other studies suggest that topiramate
may be effective in treating PTSD.®° Contributing
to the framework for studying topiramate in this
comorbid population, an 8-week, open-label pilot
study assessed the effect of topiramate among
veterans with PTSD.®! These veterans did not have
co-occurring AUD and PTSD, but the authors
examined the effect of topiramate on alcohol use
and PTSD symptoms. In this study, topiramate was
effective in reducing drinking behavior in individuals
with high-risk drinking patterns, as well as reducing
nightmares and sleep disturbances associated with
PTSD. Because the results from this pilot trial

and other research demonstrated the efficacy of
topiramate for either AUD or PTSD, Batki and
colleagues conducted the first randomized controlled
trial of topiramate among veterans who have
comorbid AUD and PTSD.® Topiramate, when
compared with placebo, was effective in decreasing
alcohol craving and the percentage of drinking days,
and topiramate trended toward decreasing PTSD
symptom severity and hyperarousal. It should be
noted that there were significant cognitive effects of
topiramate on learning and memory in this study,
but these cognitive deficits improved by the end

of treatment.

Other GABAergic and
Glutamatergic Medications

Zonisamide is an anticonvulsant agent similar to
topiramate, but it may have fewer side effects. This
may be due to the more indirect effect of zonisamide
on GABA and glutamate activity, compared with
topiramate.®® A small study evaluating the efficacy
of zonisamide in the treatment of AUD showed
that zonisamide was well-tolerated and reduced
heavy-drinking days, drinks per week, and

alcohol urges,” and a small pilot study suggests

its safety in comorbidity (I. L. Petrakis, personal
communication, 2018).

Gabapentin and pregabalin, other FDA-approved
anticonvulsants exerting action on GABA synthesis
in the brain, have been studied to a moderate
extent for their potential in treating AUD and
alcohol withdrawal syndrome.® In individuals
with AUD, gabapentin effectively reduced heavy
drinking and alcohol craving, and it improved rates

of abstinence,” although results are mixed, with
some findings indicating that gabapentin is more
efficacious in individuals with a history of alcohol
withdrawal.®® Pregabalin is more potent than
gabapentin and also has positive effects on alcohol
craving and withdrawal.*” Because of the anxiolytic
properties of both drugs, including their role in
reducing generalized anxiety, these agents may hold
promise in diminishing symptoms associated with
PTSD. Some case reports and retrospective studies
confer an advantage of gabapentin over placebo in
reducing flashbacks, nightmares, and other sleep
disturbances.®® In a randomized controlled trial
and case report, pregabalin, when administered in
addition to standard medication, also improved
PTSD symptom severity, hyperarousal, and
sleep disturbances in individuals with combat-
related PTSD or sexual trauma.”®”" While
these anticonvulsants have modest efficacy in
reducing drinking behavior and PTSD symptoms
independently, they should not be ruled out as
secondary treatment options for individuals with co-
occurring AUD and PTSD who are unresponsive to
first-line treatments, especially for individuals who
have alcohol withdrawal syndrome or sleep problems
associated with PTSD.

Recent evidence also suggests a role for the
metabotropic glutamate receptor 5 (mGlIuR5) in
the pathophysiology of PTSD and AUD. Preclinical
studies indicate that mGluR5 activity may mediate
fear conditioning’* and regulate alcohol-related
behavior.” Indeed, antagonists at mGluRS5 sites, such
as 2-methyl-6-(phenylethynyl)-pyridine (MPEP),
block the acquisition of fear and decrease alcohol
self-administration and reinstatement in rodents.
In humans, new positron emission tomography
(PET) neuroimaging results demonstrate higher
mGluR5 availability and positive correlations
between mGluR5 availability and avoidance
symptoms in individuals with PTSD.” This makes
sense, considering that the preclinical literature
indicates that mGluRS5 receptors are involved in
the regulation of fear and stress-related behaviors.
Likewise, hyperactivity at glutamatergic receptors is
associated with chronic alcohol misuse,’® and PET
studies have demonstrated alterations in mGluR5
availability in individuals with AUD, including those
who are abstinent.”’

Taken together, blocking mGIuRS5 sites may be
beneficial in reducing both PTSD-related symptoms

73,74

72

Pharmacotherapy for Co-Occurring AUD and PTSD | 199


https://abstinent.77
https://behaviors.72
https://behavior.73
https://withdrawal.67
https://withdrawal.66
https://syndrome.64
https://topiramate.63

and alcohol use outcomes in individuals with both
disorders. Although not yet empirically tested,
mGluRS5 antagonism could provide another new
approach for treating comorbid AUD and PTSD.
It should be noted that there may be unwanted
effects associated with GABAergic or glutamatergic
medications, namely cognitive impairment.®*’¢
Therefore, treatment approaches involving drugs
targeted at the GABA or glutamate neurotransmitter
systems may be warranted only in individuals
unresponsive to other treatment options.

Other Targets

Neurokinin-1 receptors have also been targeted
as having an effect on alcohol-motivated behavior
because of their role in the stress response, with
results indicating efficacy in reducing alcohol craving
and cortisol reactivity in humans’® and in blocking
stress-induced reinstatement of alcohol-seeking in
rodents.”” However, in a human experimental study
of individuals with co-occurring AUD and PTSD,
aprepitant, a neurokinin-1 receptor antagonist,
demonstrated no advantage over placebo in
decreasing alcohol craving, subjective responses to
stress or alcohol cues, or PTSD symptom severity.*’
Other treatment targets may include the
antioxidant N-acetylcysteine, the novel vasopressin
1b receptor antagonist ABT-436, and the
neuropeptide oxytocin. A recent pilot trial
examined the effect of N-acetylcysteine or placebo
in veterans with comorbid PTSD and SUD and
found N-acetylcysteine to be more effective than
the placebo in reducing drug craving and PTSD
symptoms.®' Preclinical work has shown that
N-acetylcysteine reduced alcohol-seeking and
reacquisition of alcohol self-administration in
rodents.*> Another recent clinical trial examined the
effect of ABT-436 in individuals with AUD only
and found that ABT-436, when compared with
placebo, increased days of abstinence.* Importantly,
in a subgroup analysis, individuals with higher
baseline levels of stress demonstrated better ABT-436
treatment responses for drinking outcomes. Thus,
individuals with AUD and high stress may benefit
most from vasopressin 1b antagonism, likely
indicating that ABT-436 may be an effective,
promising pharmacologic treatment option for

individuals with comorbid AUD and PTSD.
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Because of its anxiolytic properties,* oxytocin also
presents as a potential candidate for the treatment
of PTSD* and AUD.® In patients with PTSD,
oxytocin decreased total PTSD symptoms provoked
by exposure to a traumatic script, the intensity of
recurrent thoughts about trauma, subjective anxiety
and tension, and amygdala reactivity to emotional
faces.¥” Oxytocin also reduced alcohol withdrawal
in patients with AUD,* and it may moderate cue-
induced alcohol craving in a subset of individuals
who have anxiety and AUD.® To our knowledge,
oxytocin has yet to be tested in a comorbid
population. These avenues should be explored in
future investigations.

Combination Pharmacotherapies

Combination pharmacotherapy may be another
viable treatment option for co-occurring AUD and
PTSD, as the clinical efficacy of monotherapy is
limited to modest in treating both alcohol use and
PTSD symptoms in this comorbid population.

In preclinical studies, prazosin, naltrexone, and
propranolol all singularly reduced responding for
alcohol and decreased alcohol self-administration,
but these drugs also reduced other palatable, oral
reinforcers.” Subthreshold dosing combinations can
be used on the basis that a combination of already
efficacious medications can target multiple neural
systems. Or, combined medications can target one
neural system but affect different receptor subtypes
that may be dysregulated in each disorder, thus
addressing different symptoms or aspects of behavior.
Similarly, medications with different mechanisms of
action can be used in combination and in a lower
dose range to potentially minimize side effects
associated with higher doses of one drug alone,
possibly improving medication compliance and
study retention.”!

Work in rodents confirms that combination
pharmacotherapy may be a promising treatment
approach for AUD. When administered in
combination, prazosin and propranolol, two drugs
targeting different receptor subtypes within the
same neural system, were more effective than either
drug alone in decreasing alcohol intake.”*?* Further,
prazosin in combination with naltrexone, two drugs
targeting different neural systems, was more effective
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in reducing alcohol-seeking and consumption than
either drug alone.”*”

This combination approach has also been proposed
as a treatment strategy for PTSD to optimize
treatment response and prevention.” Medications
within the noradrenergic system but with differing
mechanisms of action have been shown to treat
separate symptoms of PTSD. For example,
prazosin, the alpha,-adrenergic receptor antagonist,
reduces combat-related nightmares and insomnia;
whereas propranolol, the beta-adrenergic receptor
antagonist, decreases flashbacks and traumatic
memories associated with PTSD. As such, Shad and
colleagues postulated that prazosin in combination
with propranolol may lead to significant clinical
improvement of PTSD by treating a broader
spectrum of PTSD-related symptoms, an effect not
demonstrated with monotherapy.®

Further, a fairly recent case report suggests that
prazosin in combination with naltrexone was
effective in reducing alcohol craving and PTSD-
related flashbacks within 4 days of treatment, with
complete remission of alcohol craving and flashbacks
in 2 to 4 weeks.” It should be noted that these
findings were from a single male subject diagnosed
with AUD, PTSD, and bipolar II disorder who
was taking lithium concurrently with prazosin
and naltrexone. To our knowledge, combination
pharmacotherapy targeting the noradrenergic system
has not yet been tested in human laboratory studies
or pilot trials of individuals with co-occurring
AUD and PTSD and may be one possible direction
to guide optimal and novel clinical treatment
approaches for this vulnerable comorbid population.

Clinical and Research Implications

To date, only 12 studies have examined
pharmacologic treatment for co-occurring

AUD and PTSD. Three studies targeted mainly the
opioidergic system, two targeted the noradrenergic
system, four targeted the serotonergic system,

two targeted the GABAergic and glutamatergic
system, and one targeted the neurokinin-1 receptor.
Consistent with conclusions from the recent
comprehensive review by Petrakis and Simpson,'®
there are contradictory findings within each
neurobiological system targeted. Overall, findings
within the opioidergic system demonstrated a

modest reduction in alcohol use outcomes. Prazosin,
a target within the noradrenergic system, yielded
mixed results regarding alcohol use, and neither of
the two studies found an effect on PTSD outcomes.
Serotonergic medications also yielded mixed results
on alcohol use outcomes but tended to improve
PTSD symptoms overall. Topiramate, acting at both
GABA and glutamate receptors, reduced drinking
behavior and improved PTSD symptoms. While
topiramate may stand out as the most promising
medication for comorbid AUD and PTSD, larger
studies need to be conducted to evaluate its safety
and efficacy, especially given the cognitive side
effects of the drug. Future work should consider
investigating lower doses of topiramate to decrease
side effects and improve personalized medicine.”

Several factors may contribute to the overall
mixed results. Sample sizes were relatively small for
half of the studies. While some studies included
women, others examined only men or few women.
This gender gap could be problematic, as recent
research indicates that medication response may
differ by gender for naltrexone, some serotonergic
medications, and noradrenergic targets. For example,
in one study, women’s responsiveness to naltrexone
varied across the menstrual cycle, and, during the
luteal and early follicular phases, treatment with
naltrexone increased serum cortisol,” which may
have implications for stress reactivity in both AUD
and PTSD. Other research suggests that women
have better treatment responses to SSRIs, including
sertraline, and have fewer associated adverse events.”

Recent evidence also suggests that noradrenergic
targets for tobacco dependence may differentially
attenuate stress reactivity in women and nicotine-
related reinforcement in men.” It is plausible that
noradrenergic compounds may also preferentially
target gender-sensitive systems for AUD and may
be more effective in treating women with post-
traumatic stress. Further, recent findings suggest
that the prevalence of drinking has increased
among women over the past decade,' and women
have higher rates of PTSD than men.? Thus, it is
important to consider sample size and the ability
to detect gender differences in medication response
when examining pharmacotherapies for comorbid
AUD and PTSD, especially given that many studies
were conducted primarily in males.

Another challenge in treating comorbid AUD and
PTSD may be related to the type of trauma endured
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prior to the onset of PTSD. For example, half of the
studies examining pharmacotherapy for co-occurring
AUD and PTSD reviewed in this article investigated
treatment effects in veterans, and many of them had
combat-related trauma. The other half examined
treatment effects in civilian populations with traumas
resulting from childhood experiences, sexual assault,
physical assault, witnessing death, and natural
disasters. To further complicate treatment, at least
one study demonstrated that the severity and order
of the development of comorbidity may be related

to treatment efficacy. Sertraline was more effective

in reducing drinking outcomes in individuals with
early-onset PTSD and less severe AUD than in those
with late-onset PTSD or more severe AUD.* Thus,
further research on personalizing treatment to reflect
diagnostic onset and trauma type may be a relevant
approach when examining novel targets or strategies
for co-occurring AUD and PTSD.

Given the high rates of comorbidity for these two
psychiatric disorders, it is somewhat surprising that
so few studies have examined effective pharmacologic
treatment options. This could be due to the
complexity associated with psychiatric comorbidity
and the difficulties of conducting research among
this population. Treatment studies tend to focus
on the effect of medication on one disorder, often
excluding for comorbidity. However, real-world
clinical populations often include comorbid
conditions, further emphasizing the urgent need to
examine better pharmacotherapies for improving
co-occurring AUD and PTSD in a clinically
meaningful way.

Promising targets within each system have
demonstrated efficacy in treating independent
diagnoses of both AUD and PTSD. For example,
nalmefene, doxazosin, propranolol, trazodone,
gabapentin, and pregabalin have all been found
to reduce alcohol- and PTSD-related outcomes,
but they have not yet been tested in comorbid
populations. Further, subthreshold combination
pharmacotherapy in animal models has been
efficacious in reducing alcohol-motivated behavior,
and may be an effective strategy for individuals who
are unresponsive to first-line treatments or for those
who are sensitive to adverse events associated with
higher doses of a singular drug.

There is a rich literature on behavioral treatments
for comorbid AUD and PTSD that is beyond

the scope of the current review."” However, future

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

research should also consider examining behavioral
interventions in combination with these novel
pharmacotherapies to better manage alcohol use
outcomes and PTSD symptoms in this comorbid
population. Human laboratory studies provide

an efficient, cost-effective avenue for evaluating

the effects of potential medications on psychiatric
disorders. This method has been used effectively to
screen medications for drug use disorders.” When
examining treatments for co-occurring AUD and
PTSD, investigators are encouraged to use promising
treatment targets or their combinations. Also,
researchers can use human laboratory paradigms to
screen these potential medications in an effort to
optimize the clinical utility of pharmacotherapeutic
treatments for comorbid AUD and PTSD.

Conclusion

Pharmacotherapeutic treatment options for co-
occurring AUD and PTSD are limited. To date,
only 12 studies have examined pharmacologic
interventions in this comorbid population, and
most demonstrated only modest efficacy, but
results are mixed. While not comprehensive of all
neurobiological systems that may be dysregulated
by alcohol use and post-traumatic stress, the
existing literature has focused on the opioidergic,
noradrenergic, serotonergic, and GABAergic/
glutamatergic systems. Targeting other promising,
efficacious medications within these neurobiological
systems, or combining medications within the same
system or across systems, may be an important and
promising next step in treating comorbid AUD

and PTSD, especially among individuals who are
unresponsive to first-line treatments. Future studies
need to urgently address this critical literature gap
in order to advance pharmacotherapeutic treatment
options in special populations with co-occurring

AUD and PTSD.
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Behavioral Treatments

for Alcohol Use Disorder
and Post-Traumatic Stress
Disorder

Julianne C. Flanagan, Jennifer L. Jones, Amber M. Jarnecke, and
Sudie E. Back

Alcohol use disorder (AUD) and post-traumatic stress disorder (PTSD) are
highly prevalent and debilitating psychiatric conditions that commonly
co-occur. Individuals with comorbid AUD and PTSD incur heightened risk
for other psychiatric problems (e.g., depression and anxiety), impaired
vocational and social functioning, and poor tfreatment outcomes. This
review describes evidence-supported behavioral interventions for freating
AUD alone, PTSD alone, and comorbid AUD and PTSD. Evidence-based
behavioral inferventions for AUD include relapse prevention, contingency
management, motivational enhancement, couples therapy, 12-step
facilitation, community reinforcement, and mindfulness. Evidence-based
PTSD inferventions include prolonged exposure therapy, cognitive
processing therapy, eye movement desensitization and reprocessing,
psychotherapy incorporating narrative exposure, and present-centered
therapy. The differing theories behind sequential versus integrated
tfreatment of comorbid AUD and PTSD are presented, as is evidence
supporting the use of integrated treatment models. Future research
on this complex, dual-diagnosis population is necessary to improve
understanding of how individual characteristics, such as gender and
freatment goals, affect treatment outcome.

KEY WORDS: alcohol use disorder; comorbidity; integrated treatment;
post-traumatic siress disorder

Overview
Alcohol use disorder (AUD) and post-traumatic stress disorder (PTSD)

are chronic, debilitating conditions that commonly co-occur.! The high
rates of disability, physical and mental health problems, and health

care utilization associated with co-occurring AUD and PTSD pose a
tremendous economic burden in the United States and worldwide.* '
Previous reviews of treatment options for comorbid AUD and PTSD

Behavioral Treatments | 181



indicate that effective treatments are scant, and
there is substantial room for improvement.*”
Furthermore, individuals with co-occurring AUD
and PTSD suffer a more complicated course of
treatment and less favorable treatment outcomes,
when compared with individuals who have either
disorder alone.”"? Therefore, identifying effective
interventions to treat co-occurring AUD and PTSD
is a national public health priority. This review
describes evidence-supported interventions targeting
AUD and PTSD individually and in the context of

Co-occurrence.

Behavioral Treatments for AUD

Behavioral interventions are a primary component
of the treatment of AUD and can be used as
freestanding treatments or as part of a more
comprehensive treatment plan that includes
pharmacotherapies. Behavioral interventions for
AUD include providing psychoeducation on
addiction, teaching healthy coping skills, improving
interpersonal functioning, bolstering social support,
increasing motivation and readiness to change, and
fostering treatment compliance.

Cognitive behavioral therapies (CBTs) are some of
the most commonly used and empirically supported
behavioral treatments for AUD.?*?' Over the past
30 years, numerous meta-analyses and systematic
reviews have demonstrated that CBT is an effective
treatment for AUD.?**** For substance use
disorders, small but statistically significant treatment
effects have been observed for various types of
CBT.* CBT interventions typically are designed as
short-term, highly focused treatments that can be
implemented in a wide range of clinical settings.
These interventions are flexible and can be applied
in individual or group therapy formats. CBTs for
AUD focus on the identification and modification of
maladaptive cognitions and behaviors that contribute
to alcohol misuse.” Behavioral treatments for people
with AUD also target motivation for change and
improvement of specific skills to reduce the risk
for relapse.

Although most behavioral interventions are
designed as short-term treatments (e.g., 8 to 20
sessions), many people struggling with AUD require
long-term treatment. Depending on the severity
of the AUD, history of treatment attempts, family
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history, and other risk factors, some individuals will
remain in various stages of treatment for years to
maintain sobriety. Furthermore, many individuals
with AUD will complete several rounds of treatment
and engage in several different types of treatment
simultaneously (e.g., CBT and 12-step engagement).
In this section, we briefly review several empirically
supported behavioral interventions for AUD.
(Higgins and colleagues provide more information
on behavioral interventions for substance use

disorders.?)

Relapse prevention

For the past 30 years, relapse prevention” has

been one of the prevailing empirically supported
CBTs for AUD.? Relapse prevention is designed

to help people with AUD identify high-risk
situations for relapse (e.g., negative emotional states
and alcohol-related cues) and develop effective
coping strategies.”"*® This intervention encourages
behavioral strategies such as avoiding or minimizing
exposure to cues that trigger cravings, engaging in
pleasant activities, and attending self-help groups. In
addition, individuals receiving this treatment learn
to recognize warning signs that typically precede a
relapse and create a relapse management plan (i.e.,
an emergency plan for what to do if a relapse occurs).
Relapse prevention also focuses on strategies for
challenging relapse-related cognitions (e.g., “A few
drinks won’t hurt”). In a review of 24 randomized
controlled trials, relapse prevention was associated
with reductions in relapse severity and with sustained
and durable effects.”” Evidence from the review
suggests that relapse prevention is most effective for
those who have negative affect, more severe substance
use disorder, and greater deficits in coping skills.

Contingency management

Contingency management is a behavioral therapy
that employs the basic behavioral principles of
positive and negative reinforcement to promote the
initiation and maintenance of abstinence or other
positive behavior changes.’®?' The most thoroughly
researched form of contingency management
involves monetary-based reinforcement, in which
money or vouchers can be earned and exchanged for
prizes, contingent on meeting therapeutic goals.”
Often, the primary goal is abstinence, but other goals


https://goals.32
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may include therapy attendance, prosocial behaviors,
or compliance with medications.”"** Contingency
management is designed to help promote initial
abstinence of substance use. This intervention can be
particularly helpful when the individuals receiving
treatment have little or no internal motivation,

or if they lack natural reinforcers, such as family
relationships.*** Numerous studies show that
contingency management can increase abstinence,
clinic attendance, and medication compliance.?>**’

Motivational enhancement

Motivational enhancement therapy is an intervention
designed to enhance internal motivation for
change and engagement in the change process.
This therapy stemmed from the recognition that
many individuals with AUD are ambivalent about
changing their behavior, unmotivated, or not ready
for change. Motivational enhancement therapy can
be used as a stand-alone treatment or in combination
with other behavioral interventions.?*° Based on

the principles of motivational interviewing,*' this
therapeutic technique is collaborative, empathetic,
and nonconfrontational. It helps individuals with
AUD resolve ambivalence about quitting or reducing
their alcohol intake, increase their awareness of

the negative consequences of drinking alcohol and
the positive benefits of abstinence, and resolve

values discrepancies (e.g., valuing physical health is
incompatible with alcohol misuse). Motivational
enhancement therapy has been shown to be
particularly effective for individuals who have AUD,
for those who use nicotine, and for participants who
have substance use disorder and a problem with
anger.25,40,42-45

38,39

Couples therapy

Alcohol behavioral couple therapy“® and behavioral
couples therapy for alcoholism and drug abuse?”

are manual-guided (also known as manualized)
treatments for AUD that incorporate participation of
a significant other or romantic partner. Most effective
AUD treatments target individuals, but these two
therapies also target relationship functioning, which
is an important mechanism in the etiology, course,
and treatment of AUD.*’ Both of these therapies
involve 12 weekly, 60- to 90-minute sessions that
focus on psychoeducation and cognitive behavioral

interventions. The interventions target relationship
skills and skills related to reducing AUD severity.
Alcohol behavioral couple therapy uses motivational
interviewing techniques and focuses on harm
reduction, and behavioral couples therapy for
alcoholism and drug abuse emphasizes attaining and
maintaining abstinence.

Twelve-step facilitation

Twelve-step facilitation is a manual-guided
intervention for AUD that is based on the 12 steps
of Alcoholics Anonymous.* Twelve-step facilitation
is designed to help with early recovery and to help
people engage with a local Alcoholics Anonymous
or other 12-step therapy group in the community.”’
This therapy focuses on acceptance of addiction

as a chronic and progressive illness, acceptance of
the loss of control over drinking, surrendering to

a higher power, lifelong abstinence from alcohol,
and fellowship through a group. Participants are
encouraged to obtain a sponsor who will serve as

a source of practical advice and support during
recovery. Data from the National Institute on
Alcohol Abuse and Alcoholism project Matching
Alcoholism Treatment to Client Heterogeneity
(Project MATCH) found that individuals who
received 12-step facilitation, compared to cognitive
behavioral or motivational enhancement therapies,
were significantly more likely to be abstinent at
follow-up visits during the 3 years after treatment.”
In addition, in the Project MATCH study, 12-step
facilitation was found to be particularly helpful for
participants whose social networks included other
people who had substance use disorders.

Community reinforcement

The community reinforcement approach is a

CBT designed to enhance social, recreational,

and vocational skills.?' Participants learn conflict
resolution skills, ways to foster healthy relationships,
and how to develop a new social network.?® This
approach is different from other CBT interventions
in that it targets a person’s reinforcers (e.g., family,
friends, work, and hobbies) and helps reconnect
that person with these sources of reinforcement.”!
Community reinforcement is often combined with
contingency management approaches to deliver
external reinforcers (e.g., money) during the initial
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treatment period, to be followed by more natural
sources of reinforcement (e.g., family and recreation)
in the later stages of treatment.?® Treatment with
disulfiram is offered as part of the community
reinforcement approach to help decrease alcohol use.
In addition to increasing abstinence, this approach
has been shown to reduce the time spent drinking
and the time spent being unemployed, away from
family, and institutionalized.®

Mindfulness

More recently, several mindfulness-based
interventions have been developed for the treatment
of substance use disorders. In general, mindfulness
practices seek to redirect attention to the present
moment and strengthen the development of
nonattached acceptance of both pleasant and aversive
experiences. One such intervention, mindfulness-
based relapse prevention, builds on traditional
relapse prevention.” This intervention typically is
delivered in an 8-week group format and includes
psychoeducation regarding mindfulness and relapse,
breath-focused awareness, body-scan exercise,

and yoga mindfulness exercise. In one study, a
mindfulness-based relapse prevention intervention
resulted in reductions in heavy drinking, when
compared with standard relapse prevention.”® The
same researchers reported that the mindfulness-based
approach may have yielded more enduring effects
than standard relapse prevention, as evidenced by

a significantly lower probability of heavy drinking
at a 12-month follow-up for the participants who
received the mindfulness-based intervention.
However, a recent meta-analysis of nine randomized
controlled trials found no differences in relapse
between mindfulness-based relapse prevention

and comparable interventions, such as relapse
prevention.”!

Another intervention, mindfulness-oriented
recovery enhancement, is a group intervention
delivered over 8 to 10 sessions.’* This intervention
includes mindfulness training, cognitive
restructuring, and savoring strategies designed to
enhance positive emotions and salience of naturally
occurring rewards. Less research has been conducted
using this intervention, but one study found that
mindfulness-oriented recovery enhancement resulted
in reduced cravings and negative affect and improved
positive affect.”
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Behavioral Treatments for PTSD

Behavioral intervention is considered a first-line
approach in the treatment of PTSD. Several
empirically supported behavioral interventions
have been disseminated across populations and
treatment settings. As with treatments for AUD,
various treatment modalities for PTSD have been
studied. Comprehensive analysis of the literature
on this topic is challenging because of the diversity
of inclusion and exclusion criteria of participants,
the heterogeneous nature of PTSD symptoms, high
treatment dropout rates, and symptoms that persist
after treatment.”**® Meta-analytic reviews of these
treatments indicate that prolonged exposure therapy,
cognitive processing therapy, and eye movement
desensitization and reprocessing are among the
most frequently and rigorously examined treatment
options. In randomized clinical trials, these
treatments all have similar levels of effectiveness.
CBTs for PTSD are based on prevailing empirically
supported etiological theories that suggest PTSD
results from learned and exacerbated fear reactivity
and disrupted cognitive and affective responses

to trauma exposure.® Targeting these processes in
cognitive behavioral interventions typically results
in substantial improvement in PTSD symptom
severity®** and in various domains of functioning,
when compared with unstructured interventions or
usual treatment conditions.®**” Treatment guidelines
indicate that exposure-based psychotherapies have
sufficient empirical evidence to be deemed effective
PTSD treatments.*”%® These and other emerging
therapies are described in this section.

59-62

Prolonged exposure

Prolonged exposure is a manual-guided CBT
consisting of 10 weekly, 60- to 90-minute individual
therapy sessions.” The central therapeutic component
of prolonged exposure is based on Pavlovian learning
theory. The treatment involves repeatedly presenting
a conditioned stimulus (e.g., a trauma reminder)

in the absence of an unconditioned stimulus (e.g.,
the traumatic event). This is accomplished through
imaginal exposure during therapy sessions and
through in vivo exposure in the environment. On
average, prolonged exposure demonstrates robust
symptom severity improvement.”’
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Cognitive processing

Another manual-guided cognitive behavioral
modality that has received strong empirical support
for the treatment of PTSD is cognitive processing
therapy.”® Cognitive processing therapy consists

of 12 weekly, 60-minute individual sessions. This
therapy involves creating and discussing written
narratives describing the thoughts and emotions
related to the traumatic event. Participants receive
homework assignments designed to identify and
challenge the maladaptive thought patterns that

are central to the development and maintenance

of PTSD symptomatology. A modified, group
therapy version of cognitive processing therapy

was designed and tested, with promising results.®®
Evidence also supports the effectiveness of cognitive-
only cognitive processing therapy,”" which includes
psychoeducation about PTSD, cognitive skill-
building, and learning cognitive restructuring skills.
The cognitive-only therapy does not employ written
narratives, and the most recent treatment manual
recommends the cognitive-only therapy as the first-
line version, with written narratives as an optional
modification.”

Eye movement desensitization
and reprocessing

For the treatment of PTSD, eye movement
desensitization and reprocessing has received
empirical support’® and is one of the therapies that
has received endorsement in recent U.S. Department
of Veterans Affairs and U.S. Department of Defense
treatment guidelines. Eye movement desensitization
and reprocessing is one of the three most-studied
treatments for PTSD.>? This therapy incorporates a
variety of techniques, including prolonged exposure
and cognitive restructuring, but it differs in that it
applies these techniques in conjunction with guided
eye movement exercises.

Narrative exposure

Narrative exposure therapy is a manual-guided
psychotherapy developed to treat PTSD among
individuals seeking asylum from political or
organized violence.” In this technique, which also
includes psychoeducation about PTSD, participants
narrate their relevant developmental memories

in chronological order and narrate details of their
trauma exposures as they were experienced over
time. Typically, the sessions are 60 to 120 minutes,
approximately once a week for 4 to 10 weeks.

Present-centered therapy

Present-centered therapy is a time-limited
intervention that includes a psychoeducation
component, skill development to manage daily
stressors and challenges, and homework to solidify
the new skills developed in sessions.””¢ This therapy
has demonstrated efficacy in a variety of populations
and is commonly used in randomized controlled
trials as a comparator for new or adapted PTSD
treatments.”’

Cognitive behavioral conjoint therapy

Cognitive behavioral conjoint therapy for PTSD is a
manual-guided, 15-session CBT.”® This intervention
is designed to improve PTSD symptoms and
relationships at the same time. Research in this

area is critical, as dyadic distress and dysfunction

are saliently associated with poor individual PTSD
treatment outcomes. Cognitive behavioral conjoint
therapy involves psychoeducation on PTSD and
relationships, learning communication skills to
address avoidance related to PTSD and relationship
problems, and challenging trauma-related beliefs.

Other interventions

Additional interventions that integrate cognitive
behavioral and other therapeutic approaches
include emotion-focused therapy” and brief eclectic
psychotherapy.®® The empirical literature on these
approaches is limited, but the research demonstrates
promising findings.

Behavioral Treatments for Comorbid
AUD and PTSD

Problems with alcohol use have been included in
the Diagnostic and Statistical Manual of Mental
Disorders since its original 1952 edition, but PTSD
was not introduced as a psychiatric diagnosis until
the third edition in 1980.%' Since 1980, behavioral
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treatments for comorbid AUD and PTSD often
have been conducted sequentially, with alcohol-first
treatments being more prevalent than PTSD-first
treatments. Theoretically, achievement of abstinence
facilitates development of cognitive skills such as
impulse control and emotion regulation. These skills
are subsequently useful in trauma-focused therapies,
and they help minimize the risk of alcohol use as

a means of avoiding trauma processing. However,
individuals with comorbid AUD and PTSD often
request integrated treatment or are unwilling to

stop drinking alcohol. Opponents of PTSD-first
and integrated treatments voice concern that AUD
symptoms will worsen if skills promoting abstinence
are not well-developed first, and that PTSD
symptomatology will also worsen overall.®*54

Irrespective of the theoretical debate,
epidemiologic evidence suggests that integrated
treatments are not yet widely used in substance
use disorder treatment centers.>** Data from the
Substance Abuse and Mental Health Services
Administration (SAMHSA) National Survey of
Substance Abuse Treatment Services (N-SSATS):
2016 indicate that although 77% of the responding
facilities at least “sometimes” offered some form
of trauma-related counseling, only 38% reported
“always or often” using this approach.® This
percentage has improved slightly since SAMHSA’s
2009 N-SSATS report, when 67% of respondents
reported “sometimes, often, or always” offering
trauma-focused treatment. In 2012, Capezza and
Najavits noted that additional studies about “the
content of trauma counseling currently offered by
facilities” and “whether the treatment is informed by
the evidence” would be useful %

To better understand why integrated treatments
are not used as often as sequential treatments,
Gielen and colleagues conducted a qualitative study
of health care provider views on treating PTSD in
patients with co-occurring substance use disorder.”
The researchers reported that health care providers
underestimate the prevalence of the comorbid
conditions. Given that only 50% of substance
use disorder treatment centers endorse providing
a comprehensive mental health assessment, it is
likely that PTSD is not systematically identified
in many initial diagnostic assessments. Only 66%
of substance use disorder treatment centers report
offering any form of mental health treatment not
related to substance misuse.®
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Gielen and colleagues noted that health care
providers frequently appreciate that comorbid
AUD and PTSD are associated with more severe
symptomatology and worse treatment outcomes.”
They also found that health care providers frequently
expressed the belief that integrated treatment of
AUD and PTSD would worsen cravings and reduce
AUD treatment retention and efficacy. When
studying the effectiveness of integrated treatments,
researchers consistently use standardized therapies.
However, at community substance abuse treatment
centers, these therapies may not be routinely
available because providers may not be trained in
these approaches. Also, in some settings, providers
may not be familiar with validated, standardized
methods of PTSD screening. SAMHSA’s 2016
N-SSATS report did not comment on staff
training levels at substance abuse treatment centers.
Identifying methods to address the need for
standardized treatments is an important area for
future research.

Despite health care provider concerns about
implementing integrated behavioral treatments for
comorbid AUD and PTSD, a growing evidence base
indicates that integrated treatments are safe, feasible,
well-tolerated, and effective.”%%%4

In a recent review, Simpson and colleagues
evaluated 24 randomized clinical trials (/V = 2,294)
from studies of behavioral treatments for comorbid
PTSD and substance use disorder.” The trials were
grouped into three categories: (1) exposure-based
treatments, (2) coping-based strategies, and
(3) addiction-focused interventions. No significant
differences in treatment retention were found across
the three groups.

However, it is important to note that for the
24 trials, treatment retention measures varied
widely.” For example, one trial measured treatment
retention as attendance at 12 out of 12 sessions,
but another trial calculated the average number of
sessions attended and determined that treatment was
completed if participants finished at least 6 out of
25 sessions. Another trial evaluated retention based
on participant provision of a urine sample at the end
of 12 weeks.

Accounting for these measurement differences,
participant retention for trauma-focused studies
was approximately 51%.’ Retention was about 50%
for nontrauma-focused studies and about 44% for
studies that focused on substance use disorders. The
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trials’ control conditions had more retention than
the experimental conditions, with 72% participant
retention for trauma-focused studies, 53% for
nontrauma-focused studies, and 31% for studies that
focused on substance use disorders.

The analysis conducted by Simpson and
colleagues included only a small number of
studies, and more research on this topic is needed,
as treatment retention among individuals with
co-occurring PTSD and substance use disorder has
significant room for improvement.” Overall, the
data indicate that trauma-focused treatments are
an effective approach for reducing PTSD severity.
Thus, integrated trauma-focused treatments are
recommended for individuals with comorbid AUD
and PTSD.”?

Furthermore, many people report that they
prefer integrated models of treatment to sequential
models.” Integrated treatments are linked with
the self-medication hypothesis, which suggests
that substances are often used as a means to
manage distress associated with PTSD symptoms.
Thus, integrated treatments for AUD and PTSD
comorbidity have the advantages of acknowledging
the interplay between AUD and PTSD symptoms
and of targeting both conditions simultaneously with
one health care provider and one treatment episode.
The integrated model is further supported by studies
indicating that PTSD symptom improvement
influences subsequent AUD symptom improvement
more than AUD symptom changes influence
subsequent PTSD symptoms.'®%

Integrated Behavioral Treatments

Treatment of comorbid AUD and PTSD presents
substantial challenges to providers across disciplines
and treatment settings. Individuals who have both
AUD and PTSD demonstrate high-risk behaviors
more often than those who have only one diagnosis;
consequently, they require high levels of monitoring
and intervention.**?” Thus, developing effective
integrated behavioral interventions to treat comorbid
AUD and PTSD is a public health priority. Trials of
integrated treatments demonstrate that substance use
and PTSD severity decrease with the use of trauma-
focused interventions, and these effects are largely
maintained at 3-, 6-, and 9-month follow-ups.”*'*

Seeking safety
The seeking safety approach, a 25-session CBT

focused on developing strategies to establish and
maintain safety, is one of the most widely studied
integrated treatments.'”" Originally, seeking safety
was designed as a group intervention, but it has
also been studied as an individual format. The
intervention has been shown to reduce symptoms
of AUD and PTSD for a range of populations
(e.g., women, men, veterans, and people who

are incarcerated).'>'% Some studies showed

that participants who received the seeking safety
approach had better substance use outcomes than
those who received treatment as usual. However,
other studies found no treatment group differences
for substance use or PTSD severity.'*

The seeking safety approach, like most of the
integrated treatments, does not include discussions
of trauma memories or events, primarily because
providers have concerns about using exposure-
based practices in a group format and with people
who have comorbid substance use disorder and
PTSD.'” However, given the abundance of
literature documenting the efficacy of prolonged
exposure in the treatment of PTSD, development
of exposure-based interventions for the treatment
of comorbid AUD and PTSD has increased. A
number of studies now demonstrate the safety
and feasibility of employing exposure-based
interventions among individuals who have PTSD
and comorbid substance use disorders.””*?1-7>108

Concurrent treatment of PTSD and
substance use disorders using prolonged
exposure (COPE)

A manual-guided, integrated therapy that has
demonstrated efficacy in treating comorbid AUD
and PTSD is concurrent treatment of PTSD

and substance use disorders using prolonged
exposure.'” This therapy is a 12-session, individual
intervention that synthesizes empirically validated,
cognitive behavioral treatment for AUD with
prolonged exposure therapy for PTSD."'? Several
randomized controlled trials conducted in the
United States and internationally demonstrate
that this treatment significantly reduces AUD and
PTSD severity. 100111
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Other treatments

Another cognitive behavioral approach to integrated
treatment for comorbid AUD and PTSD is
integrated cognitive behavioral therapy, which is a
manual-guided intervention with preliminary, but
growing, empirical support.””!"* This treatment
consists of 8 to 12 weekly sessions for the individual
and focuses on psychoeducation, mindful relaxation,
coping skills, and cognitive flexibility.

Other interventions include the trauma recovery
and empowerment model, which was designed for
women, and a version of the same therapy designed
for men.'" These interventions are group-based,
focus on recovery skills, and have demonstrated
reductions in substance use.'"* Also, couple treatment
for AUD and PTSD, a 15-session couple therapy
adapted from Monson and Fredman’s cognitive
behavioral conjoint therapy for PTSD,® has
promising preliminary empirical support.'”

Other treatments with limited or preliminary
empirical support are “transcend,” a 12-week partial
hospitalization program that integrates cognitive

behavioral and other theoretical approaches;''® the
addictions and trauma recovery integrated model, an
individual approach that focuses on reconstructing
trauma memories;'”” and trauma adaptive recovery
group education and therapy, a group intervention
designed to enhance emotion regulation.'® (See
Table 1 for brief descriptions of the integrated
treatments discussed in this section.)

Future Research

Over the past few decades, important advances

have been made in behavioral treatments for
comorbid AUD and PTSD. The most notable area
of progress is the development of trauma-informed,
manual-guided, integrated, cognitive behavioral
treatments that concurrently address symptoms

of both conditions. Before these developments,
sequential treatment was the only form of behavioral
intervention employed. Now, individuals with

comorbid AUD and PTSD, as well as their health

Table 1 Empirically Supported Infegrated Treatments for AUD and PTSD

Number of
Sessions

Individual Only

Concurrent Treatment of PTSD and Substance Use Disorders
Using Prolonged Exposure'®

Individual or Group

Relapse prevention and coping skills integrated with 12
prolonged exposure

Integrated Cognitive Behavioral Therapy''? Mindful relaxation, flexible thinking skills (e.g., cognitive 81012

(initially individual, then group) restructuring and behavioral functional analysis)

Seeking Safety!®! Coping skills, interpersonal relationship skills, 25
self-development skills

Trauma Adaptive Recovery Group Education and Therapy''® Emotion regulation, mental focusing, executive function skills, 41014
mindfulness, inferpersonal engagement and interaction skills

Couples

Couple Treatment for AUD and PTSD!"® Coping and relapse prevention skills, interpersonal 15
relationship skills

Group Only

Transcend''¢ In first half of sessions, coping skills only; trauma processing 12
added in second half of sessions

Trauma Recovery and Empowerment Model''® Gender specific; cognitive restructuring, coping skills training, 18 to 29

social support, communication skills
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care providers, have additional treatment options
available.

For future research, it will be important to
continue to advance and optimize integrated
treatments and to address which individuals are
ideal candidates for integrated therapies. Despite
the established efhicacy of integrated treatments
and reported preferences for this type of therapy,
treatment retention and dropout rates remain an
important area of concern in this dual-diagnosis
population.””!*® Further study that directly compares
sequential and integrated treatment outcomes is
necessary. One ongoing study addresses this gap
in the literature by assessing whether retention
rates between sequential and integrated treatments
differ.'?

Studies that compare other outcomes related to
treatment retention and symptom improvement,
such as sleep, mood symptoms, somatic medical
conditions, and safety profiles (including violence
and suicidality), would also be helpful. The literature
currently lacks studies that examine the association
between premorbid functioning and the ability
to engage in manual-guided, evidence-supported
therapies. Also needed is examination of how adding
PTSD-focused treatment to AUD treatment will
be feasible in terms of treatment costs, training
requirements, and staff workload. The overlap of
AUD with other substance use disorders is highly
prevalent. Studies examining outcomes of integrated
treatments among people with comorbid AUD
and PTSD, when compared with people who have
PTSD and substance use disorder involving multiple
substances, is necessary to identify and target specific
alcohol-related treatment needs. Finally, given the
heterogeneous nature of AUD'™ and the complex
etiology, course, and treatment of both AUD
and PTSD, studies that examine commonalities
underlying effective behavioral treatments
are essential.

Gender is another important consideration in the
development of effective treatments for comorbid
AUD and PTSD. Ciritical psychosocial and
neurobiological differences between men and women
have been demonstrated through research on the
connection between stress (e.g., exposure to sexual
trauma) and substance use disorder in the context
of complex comorbidities.'*"'** Also, gender may
be a factor in the utilization of treatment for these
conditions.'*

Finally, individual preference is a critical
consideration when matching people with treatment
modalities. Emerging literature suggests that many
people who have both PTSD and substance use
disorder symptoms perceive a strong link between
them, and they prefer integrated versus sequential
treatment.'**'® Also, individuals receiving treatment
might have a goal to reduce substance use rather
than attain or maintain abstinence.'* Investigations
that consider these individual and contextual
factors are necessary to effectively match treatment
approaches with individual needs and to maximize
treatment development research for comorbid

PTSD and AUD.
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Alcohol Use Disorder and
Traumatic Brain Injury

Zachary M. Weil, John D. Corrigan, and Kate Karelina

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.

KEY WORDS: alcohol and other drug use (AODU) development;
AODU initiation; brain; injury; trauma

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.
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Stress Disorder and Alcohol

Use Disorder in U.S. Military
and Veteran Populations
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and Debra L. Kaysen

Co-occurring post-traumatic stress disorder (PTSD) and alcohol use
disorder (AUD) are costly and consequential public health problems
that negatively affect the health and well-being of U.S. military service
members and veterans.The disproportionate burden of comorbid PTSD
and AUD among U.S. military service members and veterans may be due
to unigque factors associated with military service, such as aspects of
military culture, deployment, and frauma exposure.This review addresses
the prevalence of co-occurring PTSD and AUD in military and veteran
populations, population-specific factors that contribute fo development
of the comorbid conditions, and evidence-based treatments that
have promise for addressing these conditions in military and veteran
populations. Future directions for research and practice relevant to
military and veteran populations are discussed.

KEY WORDS: addiction; alcohol use disorder; post-traumatic stress
disorder; military; veteran

Post-traumatic stress disorder (PTSD) and alcohol use disorder

(AUD) are costly and consequential public health concerns that have
disproportionately affected U.S. military service members and veterans."
Understanding the co-occurrence of PTSD and AUD is especially
important because of the negative implications for the health and
well-being of veterans and active-duty service members.

Prevalence of PTSD and AUD in Military and

Veteran Populations

Examined separately, prevalences of PTSD and AUD are high in military
and veteran populations when compared with the civilian population.

Reports estimate current PTSD prevalence at 6% of predeployed and
13% of postdeployed service members, and from 5% to 13% among
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veterans, compared to 5% of civilians.”® Lifetime
prevalence of PTSD ranges from 7% to 8%
among veterans, compared with 6% of civilians.>*?
With regard to high-risk drinking, a 2011 U.S.
Department of Defense (DOD) survey found that
33% of service members, compared with 27% of
civilians, endorsed past-month binge drinking."
Among Operation Enduring Freedom (OEF) and
Operation Iraqi Freedom (OIF) veterans, 10% had
an AUD diagnosis in their U.S. Department of
Veterans Affairs (VA) electronic medical records.!!

PTSD and AUD often co-occur in military and
veteran populations,” as they do in the general
population,'? and having PTSD or AUD increases
the likelihood of experiencing the other." In
national studies, 55% to 68% of veterans with
probable PTSD, compared with 40% to 55%
of veterans without PTSD, showed evidence of
having AUD as well.>” Similarly, among service
members and veterans who misuse alcohol,
prevalence of PTSD is high. A review of VA
electronic medical records indicated that 63%
of veterans with AUD and 76% of veterans with
comorbid AUD and drug use disorder also had a
PTSD diagnosis."

In the general civilian population’ and in
military and veteran populations, there is evidence
that PTSD and AUD are functionally related. For
example, in a sample of Vietnam veterans, increases
in alcohol use corresponded to increases in PTSD
symptom severity,'* and veterans with PTSD and
substance use disorder (SUD) reported that they
perceived that the conditions were interrelated.”
Longitudinal studies of veterans have supported
the self-medication hypothesis,'® which may
explain why veterans with unresolved PTSD are
more likely to relapse after treatment for substance
misuse."”

Factors That Contribute to
PTSD and AUD

Among military and veteran populations, the
risk for both PTSD and alcohol misuse may vary
because of differences in demographic factors,
aspects of military culture, and trauma or stress

exposure. Relatively little research has addressed
risk factors for co-occurring PTSD and AUD.
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Therefore, we do not know the extent that risk
factors may increase the risk for one disorder
or both, or whether these risk factors may have
additive or interactive effects.

Demographics

Gender is associated with differential risks for
PTSD and AUD. Consistent with the literature
on civilians, studies of veteran populations

show that lifetime prevalence of PTSD is higher
among female veterans (13% to 19%) than
male veterans (6% to 7%).%? Civilian men have
a higher risk for alcohol misuse than women,'®
and men are overrepresented in military and
veteran populations. Also, male service members
report more past-month binge drinking than
female service members.”!” Despite these gender
differences, research on the experiences of women
veterans and active-duty service members is
limited, and more work is needed in this area.

Racial differences in the prevalence of PTSD
have been identified, with higher prevalence
occurring among non-White veterans and service
members.” In a nationally representative sample
of veterans, the lifetime prevalence of PTSD was
significantly higher for Black (11%) and Native
American veterans (24%), compared with the
prevalence for White veterans (6%).” Across
military branches, the percentage of service
members who reported past-year heavy drinking
was similar across Hispanic (9%), White (9%), and
African American (8%) groups.'’

Younger age is associated with higher prevalence
of PTSD? and with alcohol misuse.'®'¢ For
example, a 2011 DOD survey found that among
service members ages 18 to 25, 20% endorsed
past-year heavy drinking, and 67% endorsed
past-month binge drinking."” During a 12-month
period, more than 20% of junior enlisted service
members experienced serious consequences from
alcohol use, including military punishment and
arrest.”” In a national sample, veterans ages 18 to
29 had the highest odds of a PTSD diagnosis in
their lifetimes, and veterans age 65 or older had
the lowest odds.’ Therefore, the high prevalence of
comorbid PTSD and AUD in the military may be
due, in part, to the overrepresentation of younger
adults in this population.


https://arrest.19
https://drinking.10
https://groups.10
https://misuse.17
https://interrelated.15
https://diagnosis.11
https://records.11
https://drinking.10

Military culture

The military as a whole and each of the military
branches have their own distinct cultures, which may
influence alcohol-related behaviors and ways to cope
with post-traumatic stress. Drinking alcohol is part
of military culture as a means for group bonding,
recreation, and stress relief.' The drinking behavior
of service members and veterans may be influenced
by their perception of alcohol consumption norms.
For example, in a study among service members who
had SUD, the participants tended to overestimate
both the average number of drinks consumed by
service members and the percentage of service
members who were heavy drinkers.’

Military trauma and stress exposure

Researchers have found that military service
members and veterans are more likely than civilians
to have been exposed to childhood traumatic events,
such as physical and sexual abuse and sexual assault,
which leads to the suggestion that some individuals
enter the military to escape dangerous family
environments.”"* In particular, one study reported
that men with a history of military service had a
higher prevalence of exposure to adverse childhood
events, especially sexual abuse, than men who had
not served in the military.* Childhood stressors
also have been associated with high-risk drinking in
military recruits,”® which may increase vulnerability
to stressors encountered during military service.

Veterans and service members report a higher
prevalence of trauma exposure than the general
population, and they may have a higher likelihood
of exposure to specific traumas.* In cross-sectional®
and longitudinal studies,’ exposure to combat,
specifically, has been associated with ps