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This article is part of a Festschrift commemorating the 50th anniversary 

of the National Institute on Alcohol Abuse and Alcoholism (NIAAA). 

Established in 1970, first as part of the National Institute of Mental Health 

and later as an independent institute of the National Institutes of Health, 

NIAAA today is the world’s largest funding agency for alcohol research. 

In addition to its own intramural research program, NIAAA supports the 

entire spectrum of innovative basic, translational, and clinical research to 

advance the diagnosis, prevention, and treatment of alcohol use disorder 

and alcohol-related problems. To celebrate the anniversary, NIAAA hosted 

a 2-day symposium, “Alcohol Across the Lifespan: 50 Years of Evidence-

Based Diagnosis, Prevention, and Treatment Research,” devoted to key 

topics within the field of alcohol research. This article is based on Dr. Sinha’s 

presentation at the event. NIAAA Director George F. Koob, Ph.D., serves as 

editor of the Festschrift.
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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.6,7 The arousing response to alcohol 

is associated with a sense of feeling energized and stimulated 

as well as increases in sociability.6 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.8,9 Alcohol also activates brain emotion 

and stress pathways, including the amygdala, under emotional 

arousing and stressful states.10,11 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).10-13 The emotion/

stress pathway and the reward/motivation pathways closely 

interact, and such interactions are involved in emotional cue-

related drinking motivation.11,12

Binge and hazardous alcohol drinking patterns are associated 

with well-documented changes both in the brain stress and 

emotion regions, such as the amygdala,8,12 and in associated 

brain networks, including the ventral and dorsal striatum as well 

as the OFC, VmPFC, and dorsolateral prefrontal cortex.9,12,14,15 

These brain changes are associated with blunted autonomic and 

cortisol responses to stress and to acute alcohol intake,6,8 as well 

as with increases in negative emotional and stress responses and 

greater alcohol craving.6,9,14-17 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 

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.1 This has been labeled the “dark side,” or 

“negative emotional, stress side,” of alcohol intake.2 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 is 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.4,5 While onsite alcohol sales were down as businesses 

closed, e-commerce profits increased more than 30% during the 

COVID-19 pandemic.4,5 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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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,23 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.24-28 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.2,12,16 

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).8,9 

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.14,29 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.8,15,17 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.30 

stress coping.6,12,18 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.6,18,19 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.18 

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.18 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.6,18

These adaptations to alcohol also vary by sex, as 

fundamental differences between men and women exist in 

brain organization, structure, and functional networks20 as 

well as in the responses of brain stress, emotion, and reward 

regions21 and in patients with cocaine use disorder.22 Moreover, 
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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.19 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.31-33 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.19,33 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).13,18,19,21,29 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 a model 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.8 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

 y Loss of parent

 y Parental divorce and 
conflict

 y Isolation and 
abandonment

 y Single-parent family 
structure 

 y Forced to live apart from 
parents

 y Loss of child by death or 
removal

 y Unfaithfulness of 
significant other

 y Loss of home to natural 
disaster

 y Death of significant other 
or close family member

 y Physical neglect

 y Physical abuse by parent, 
caretaker, family member, 
spouse, or significant other

 y Emotional abuse and 
neglect

 y Sexual abuse

 y Rape

 y Victim of gun shooting or 
other violent acts

 y Observing violent 
victimization

 y Being overwhelmed

 y Unable to manage life 
problems 

 y Difficulties with job, living 
situation 

 y Financial problems

 y Interpersonal conflicts, 
loneliness

 y Unfulfilled desires

 y Problems with children

 y Illness of loved ones

 y Negative emotionality 

 y Poor behavioral control 

 y Poor emotional control

 y Hunger or food 
deprivation

 y Food insecurity

 y Extreme thirst

 y Sleep deprivation or 
insomnia

 y Extreme hypothermia or 
hyperthermia

 y Excessive drug use

 y Drug withdrawal states

 y Chronic illness 

Source: Included with permission from Milivojevic & Sinha (2018).37
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increase alcohol-related cortisol responses.9 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.

humans that may increase risk of hazardous drinking. As stated 

earlier, alcohol consumption stimulates cortisol release; however, 

in response 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.8,9 

As cortisol is critical for survival, humans have well-preserved 

neurobehavioral signals with the brain stress system pathways12 

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 
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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,15 such as 

increased levels of anxiety, negative mood, sleep difficulties, 

emotional reactivity, and impulsivity, along with high levels of 

craving for alcohol.1,35 Furthermore, these disruptions increase 

the risk of relapse and heavy drinking during treatment and 

posttreatment, thereby jeopardizing long-term recovery.6,36,37 

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.3 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.36,37 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.6,37 

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.26,38

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 

compared with healthy control participants.39 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.39 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.40,41

The studies described above have led to the characterization 

of a risk 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,42,43 mood, anxiety, and sleep 

difficulties—and biological markers37 as well as by additional 

moderating factors, including childhood maltreatment 

(see Table 2).44 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.35 

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

Critical basic science and translational work by Koob and 

colleagues45 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.46 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 

in improving 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.47,48 
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Furthermore, guanfacine had some sex-specific effects, with 

greater benefits in women than in men.49,50 

Similarly, prazosin—an alpha-1-adrenergic antagonist that 

had been shown to improve working memory and prefrontal 

functioning during stress46 as well as withdrawal-related 

drinking in laboratory animals51—reduced stress-related 

craving and stress dysfunction in AUD.52,53 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.54 

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.55 

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 

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.

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

 y Increased levels of alcohol craving

 y High early physical, sexual, emotional abuse and trauma 
history

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

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

 y Blunted and hypoactive cortisol response to stress

 y Lower medial prefrontal gray matter volumes in magnetic 
resonance imaging

 y Blunted medial prefrontal cortex response to stress and alcohol 
cues

 y Hyperactive striatal responses to alcohol cues

 y AUD severity, including life span factors of early or late 
AUD; acute withdrawal symptoms, including anxiety, 
sleep, and negative mood; alcohol abstinence days

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

 y Sex differences and gender-related comorbid 
psychopathology and medical conditions

 y Genetic and pharmacogenomic effects
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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. 
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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.1 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).2 This dramatic rise stems from increases 
in hazardous and binge drinking in girls during 
adolescence as well as in women.3 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.4 
These increases are especially alarming given the 
fact that women tend to experience greater alcohol-
related health problems than do men.5 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,6 and stress along with drug-related 
environmental cues are among the most important 
risk factors driving alcohol seeking, maintenance, 
and relapse.7 Studies suggest that men and women 
differ in risk trajectories for the development of 
AUD and in AUD-related health consequences.8 

For example, women are more likely than men 
to experience certain types of stressors, such 
as sexual trauma,9 and higher levels of stress 
have been shown to increase alcohol misuse and 
AUD vulnerability.10 Also, women demonstrate 
a significantly “more rapid and risk-oriented 
path to compulsive drug seeking,”11 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.10 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.12 However, girls and women face 
significantly higher rates of childhood sexual 
abuse and violent victimization.13 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.10,12,14

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.15 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.7,10 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.16 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.15 
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.17 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 

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.18 
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.19 
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.12,19 
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,20 and higher 
negative affect has been linked to greater emotion 
dysregulation and associated with affective, 
anxiety, and substance use disorders.10,21 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.22 Results indicated that men 
and women were similar in cue-induced craving 
ratings. However, women reported greater stress-
provoked sadness, anxiety, and body sensations 

Higher levels of negative affect have 
specifically been linked to initiation and relapse 
in alcohol and other substance use disorders.23 In 
adolescents, negative affect is strongly associated 
with the onset of drinking and alcohol misuse, and 
higher levels of negative affect are also associated 

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.

with greater child maltreatment, victimization, 
and adversity.23 Girls show greater negative 
affect such as sadness in response to early life 
stress than boys,19 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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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 1a: 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 1c: 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. 2008.22 Copyright © 2008 Research Society on Alcoholism and the 
International Society for Biomedical Research on Alcoholism. Published by Wiley-Blackwell. All rights reserved.
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affect also elicit significant alcohol craving,10 and 
negative affect and anxiety are key symptoms of 
alcohol withdrawal that are further exacerbated 
by exposure to alcohol cues.7 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,24 women more frequently consume 
alcohol in response to negative emotions.11,25 
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.11 Negative emotions, 
drinking to regulate negative affect, and stress 
are among the factors associated with increasing 
rates of AUD in women.11 Furthermore, studies 
have also shown that, in addition to trauma, abuse, 
and chronic stress, negative affect is predictive 
of alcohol misuse and addiction vulnerability.10 
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.26 This is also true of other mental 
conditions such as anxiety disorders.18 Adult 

women report more mental health problems than 
men,21 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.10 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.11 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.27 There are higher rates of AUD in 
those with PTSD than in those without PTSD,28 
and PTSD precedes AUD more often in women 
than in men.29 Both stress and trauma exposure 
experimentally increase alcohol craving,30 and 
women with both PTSD and AUD report higher 
levels of trauma, anxiety, and mood symptoms 
than men.31 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.32,33 
Women present different biological, psychological, 
and physiological effects of alcohol misuse that 
are crucial to the maintenance of their alcohol 
use.5,11 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,5 
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.11,21
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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.10 However, uncontrollable 
events, repeated or chronic stress, and trauma 
disrupt these responses, thereby breaking down 
the adaptive nature of stress responses.10 This 
results in allostasis and maladaptive psychological 
and behavioral responses that put an individual 
at risk for neuropsychiatric illnesses, including 
AUD.10 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.10,11,21 
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.10,11 For example, girls 
and women with childhood maltreatment show 
a blunted HPA axis stress response,10 but those 
without trauma histories and with high negative 
affect and mood disorders have a hyperreactive 
HPA axis response to stress.10 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.14 
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 

stress.11 Recent findings also document that 
increased exposure to childhood victimization 
results in higher C-reactive protein levels in girls 
but not boys,34 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.10,35 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,21 
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.11,36 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.35 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.36 Growing 
evidence suggests that these adaptations promote 
a feedforward development of compulsive 
motivation for alcohol use and misuse.10,21,33 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.36 
Alcohol-associated neuroadaptations in HPA 
axis responses to stress and alcohol cues may 
serve as psychobiological markers of the cycle of 
recurring alcohol consumption.36 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.11 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 men11 
(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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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.36 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.37 
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.37 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,36,37 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 alcohol38 as well as in neuroanatomy and 
chemistry.24 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.24 For example, even though 
men show stronger activation of the brain 

reward system in response to alcohol than do 
women,24 the female brain suffers more damage 
and inflammation from alcohol withdrawal.39 
Important to the current discussion, alcohol 
stimulates the biological stress pathways in 
similar ways to psychological stress and trauma.36 
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.10,36

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.40 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.41 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.10,42 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.41 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.43 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.44 In 
contrast, at-risk youth exhibited a blunted salivary 
cortisol response to a social stressor compared 
to controls.44 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.44 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.45 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.46 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.45 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.45 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 

results in increased levels of ACTH and cortisol, 
as well as changes in heart rate, blood pressure, 
and skin conductance responses.10 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.10 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.10 
Furthermore, dopamine response to drugs is 
sex-specific, with men showing greater dopamine 
release than women.47 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.10 
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 socially48 (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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drink socially. A: The sex × condition interaction effect was significant in regions of the superior and middle frontal 
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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., 2011.49 Copyright © 2010 Wiley-Liss, Inc. All rights reserved.
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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.10 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.10 

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.50,51 
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.52 Such changes 
in the neural circuits underlying emotion and 
reward dysregulation may promote risky alcohol 

use (e.g., binge drinking), emotional eating, and 
frequency of arguments and fights.52 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 women52 (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.53 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.53 In addition, lower 
gray matter volume in these brain regions was 
associated with initiation of tobacco, alcohol, and 
cannabis use.53 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.54 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.10 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,10,11 and are more likely to self-
medicate their emotional distress, negative 
affect stemming from high stress, and mood 
and anxiety disorders.10,11 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.11 
As described in the previous sections, some 
research has documented sex-based differences in 
neuroendocrine stress and reward pathways with 
chronic alcohol use.11

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.10 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.55,56 
However, findings show that, compared to men 
with AUD, women with AUD demonstrate greater 

alcohol cue reactivity following negative mood 
induction.57 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.11 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.11 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 
craving11 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.11 Similarly, 
increased levels of progesterone and decreased 
estrogen/progesterone ratio have been shown in 
women who misuse substances relative to healthy 
controls.11 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.11 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 

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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Co-Occurring Alcohol Use 
Disorder and Anxiety
Bridging Psychiatric, Psychological, and 
Neurobiological Perspectives

Justin J. Anker and Matt G. Kushner

A substantial number of people who have problems with alcohol also 
experience strong anxiety and mood problems. This article provides an 
overview of the evolving perspectives of this association in the context 
of three related disciplines—psychiatry, psychology, and neuroscience. 
Psychiatric and epidemiological studies show that having either an 
anxiety- or alcohol-related diagnosis elevates the prospective risk for 
developing the other disorder. From the psychological perspective, 
behavioral research demonstrates that drinking to cope with negative 
affect is a potent marker for current and future problems with alcohol. 
Neuroscientific research implicates overlapping neurobiological systems 
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

Justin J. Anker, Ph.D., is an 
assistant professor in the 
Department of Psychiatry, 
University of Minnesota, 
Minneapolis, Minnesota.

Matt G. Kushner, Ph.D., is a 
professor in the Department 
of Psychiatry, University of 
Minnesota, Minneapolis, 
Minnesota. 

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.1,2 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%.3,4 
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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 

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).5 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.”6,7 
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.8 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.9 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).10 In 
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the more recent DSM-5, the paradigm remains 
the standard psychiatric model for describing, 
characterizing, and treating co-occurring negative 
affect and AUD.11 

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 (N ~ 20,000), the National 
Comorbidity Survey (N ~ 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-IV included two separate alcohol-related 
diagnoses: alcohol abuse and alcohol dependence.12 
A DSM-IV 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-IV diagnosis of alcohol dependence 
required meeting at least three of seven criteria.12 
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.11 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.13 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 analysis14 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)10 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.10,13 

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.15,16 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,13 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.17 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.18 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 

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.19 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,14 especially for those who 
had social anxiety disorder.20 

Failing to clearly distinguish between temporal 
priority and causal priority is common in 
interpretation of order-of-onset studies.20,21 
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.11,12 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.4 
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.22 

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 
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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.21 
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.23,24 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%).1 

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.25 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.25,26  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.27 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.”28 

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.29 
Drinking to cope with negative affect was viewed 
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as a primary drinking motive.30 Keeping with the 
tension-reduction hypothesis, these researchers did 
not focus on formal diagnostic categories for negative 
affect or alcohol misuse.31 However, other research 
has linked drinking-to-cope motives with individuals 
who met diagnostic criteria for co-occurring AUD 
and anxiety disorder.19 

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.19,32 
In addition, people with anxiety disorders who 
reported drinking to cope had a fivefold increased 
risk for developing alcohol dependence within 
3 years.32 People with anxiety disorders who did not 
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.33 Early research 
on stress and alcohol used these technological 
advancements to test the operant tension-reduction 
hypothesis, albeit with mixed results.34 

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, 

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.35 Other 
investigators reviewed research that reported 
associations between alcohol dependence or genetic 
risk for alcohol dependence and dysregulated 
patterns of laboratory stress-responding.36,37 
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.38-40 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).41 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—binge/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.41 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 
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and Health. Washington, DC: U.S. Department of 
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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.41 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.41 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.42 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.43 The model does imply specific treatment 
targets, such as corticotropin releasing factor44,45 
and alpha1-noradrenergic systems.46 Simpson and 
colleagues found clinical benefit from prazosin, an 
alpha1 antagonist, in participants with an alcohol 
dependence diagnosis.47 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.48

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.49

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 



e8 | Alcohol Research: Current  Reviews  | Vol 40 No 1 | 2019

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.21 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. 

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,45,50 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.50 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).45,50-53 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.53 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.54 

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)41 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.55,56 People with anxiety disorders 
transitioned significantly faster than those with 
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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.57,58 

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.19,32 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.13 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.58,59 
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.38,53 

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 Criteria60 framework’s approach to 
characterizing psychopathology and, thereby, 

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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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, corticotropin 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. 
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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.1 
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.1

Historically, studies using animal models to test 
the relationship between stress and alcohol drinking 
have focused on stress-induced reinstatement of 

alcohol-seeking 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).2 In fact, stress has consistently 
been shown to reinstate seeking of a variety of 
drugs, including heroin, cocaine, and nicotine.3

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.4 Studies that show stress-induced 
escalation of alcohol drinking in rodents, with or 
without prior experience of alcohol drinking, are 
summarized in Table 1.5-11 Stress also can synergize 
with exposure to high doses of alcohol to produce 
faster and more robust escalation of alcohol 
drinking in mice.12 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).13,14 

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, rats15 and mice16 
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-naïve counterparts.
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Table 1 Studies of Stress-Induced Escalation of Alcohol Drinking in Rodents

Procedure Developmental Stage 
at Exposure

Stressor Alcohol-Drinking Procedure

Stress → Alcohol Drinking

In Rats Adult Repeated footshocks5 Two-bottle choice drinking

Adolescent Postweaning social isolation6* Two-bottle choice drinking and operant self-administration

In Mice Adult Repeated social defeat7 Two-bottle choice drinking

Adolescent Postweaning social isolation8 Two-bottle choice drinking

Alcohol Drinking → Stress → Alcohol Drinking

In Rats Adult Single exposure to soiled cat litter9† Two-bottle choice drinking

Adult Single exposure to bobcat urine10†‡ Operant self-administration

In Mice Adult Repeated social defeat or forced swim11 Two-bottle choice drinking

*Stress increased alcohol drinking only in male rats. 
†Stress increased alcohol drinking only in rats that were highly stress reactive. 
‡Stress increased responding for quinine-adulterated alcohol (aversion-resistant responding) in rats that were highly stress 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,1 alcohol may activate some brain stress 
systems and may be considered a stressor itself.17 
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 

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,18 and systemic glucocorticoid 
receptor blockade with mifepristone reduces alcohol 
drinking,19 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,20 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).21 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).22 After stress, the Avoiders 
exhibited increased alcohol drinking, as compared 
to the Non-Avoiders,10 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 pathology23 and poor 
treatment response24,25 in humans.

Studies of rodents have demonstrated that acute 
alcohol exposure (experimenter-administered or 
self-administered) stimulates corticosterone release, 
mimicking a stressor.26,27 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.27 However, this effect 
may depend on factors such as the rodent species28 
and whether total or free amounts of glucocorticoids 
were measured.29 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.30 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.31 

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.32 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,33 and systemic blockade of CRF1 receptors 
has produced similar effects.34 Systemic CRF1 
receptor blockade also has been shown to reduce 
escalated alcohol drinking after exposure to stress 
induced by predator odor (in rats)35 or by social 
defeat (in mice).36 In studies of alcohol-dependent 
animals, intraventricular infusions of the CRF 
receptor antagonist D-Phe-CRF(12-41) reduced 
escalated alcohol drinking for both rats37 and mice38 
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.39 CRF 
effects on escalated alcohol drinking appear to be 
mediated largely by the CRF1 receptor. For example, 
researchers have reported that systemic CRF1 receptor 
blockade reduced escalated alcohol drinking in 
mice40 and rats41 after chronic exposure to high doses 
of alcohol.

Collectively, these findings suggest that neural 
processes mediated by CRF–CRF1 receptor signaling 
play an important role in escalation of alcohol 
drinking, and in alcohol-seeking 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,42 Spierling and 
Zorrilla,43 and Pomrenze and colleagues.44 

Dynorphin system
Stress generally increases brain dynorphin levels,45 
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 



e4 | Alcohol Research: Current  Reviews  | Vol 40 No 1 | 2019

FOCUS ON

produce dysphoria-like behaviors in mice that can 
be attenuated by systemic KOR blockade or by gene 
deletion.46 In one study, systemic administration of 
KOR antagonists reduced stress-induced escalation 
of alcohol drinking and alcohol-induced place 
preference in mice.47 In another study, systemic KOR 
blockade attenuated reinstatement of alcohol-seeking 
in rats, which had been induced by yohimbine (an 
alpha2-adrenergic receptor antagonist often used as a 
pharmacological stressor).48

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.49 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 Becker50 and Karkhanis and 
colleagues51 provide further discussion on the role of 
this system in stress-alcohol interactions.

Neuropeptide Y 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.52 
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.53 

Compared to alcohol-naïve 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.54 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 brain55 or specifically into the central 
amygdala56 reduced escalation of alcohol drinking in 

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 (Y1 and 
Y2)  have demonstrated roles in regulating alcohol 
drinking in rodents. For instance, intraventricular 
infusion of a Y1 receptor agonist or a Y2 receptor 
antagonist has been shown to reduce alcohol 
drinking in mice.57 In a study of rats, the ability of 
a Y2 receptor antagonist (via intracerebroventricular 
administration) to reduce alcohol drinking may have 
been potentiated in animals that were chronically 
exposed to high-dose alcohol.58 However, Kallupi 
and colleagues found that a Y2 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.59 

Researchers have reported that Y1 and Y2 receptors 
regulate alcohol drinking in a brain region–specific 
manner. For example, research has demonstrated that 
Y1 receptor activation or Y2 receptor blockade in the 
medial prefrontal cortex reduced alcohol drinking 
in mice,60 whereas Y1 receptor activation in the 
paraventricular nucleus increased alcohol drinking in 
rats.61 Further discussions of this topic can be found 
in reviews by Robinson and Thiele62 and Thorsell 
and Mathé.63 

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.64 Stress engages some 
of these projections. For example, in a study of rats, 
immobilization stress increased norepinephrine release 
in the central amygdala.65 In a different study of the 
central amygdala, alpha1-adrenergic receptor blockade 
with prazosin reduced stress-induced augmentation 
of anxiety-like behavior.66 Research has also 
demonstrated that prazosin blocked stress-induced 
reinstatement of alcohol-seeking in rats.67 In a study 
of rats chronically exposed to high-dose alcohol, 
administration of prazosin68 or the beta-adrenergic 
receptor blocker propranolol69 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 alpha1-adrenergic 
receptor–dependent mechanism.70 

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.71 In studies of rats, blockade 
of alpha1- and beta-adrenergic receptors72,73 and 
activation of alpha2-adrenergic autoreceptors73 
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.68 See the review by Vazey and colleagues74 
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, CRF, 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.75 In addition, 
emerging evidence has shown that several other 
brain stress signaling systems, such as oxytocin,76 
nociceptin,77,78 and neuropeptide S,79 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.80,81 
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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-traumatic stress disorder (PTSD) 
are highly comorbid, and treatment 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 interventions 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 to date on pharmacotherapeutic 
treatment interventions for comorbid AUD and PTSD and highlights future 
directions for promising targets that have potential in the treatment 
of individuals with this dual diagnosis. Clinical implications of these 
fndings are also discussed. While current medications targeting the 
opioidergic, noradrenergic, serotonergic, and GABAergic/glutamatergic 
brain systems are only modestly effcacious in improving symptoms 
in individuals with comorbid AUD and PTSD, novel targets within these 
neurobiological systems may be clinically useful for treating alcohol use 
outcomes and PTSD symptom severity. More work is needed to optimize 
pharmacologic treatment 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.1 In addition to increasingly high 
prevalence rates of AUD and the severe health and 
economic consequences associated with the disorder,2 

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.3 Tis 
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-specifc 
cohorts.4 Previous estimates suggest that individuals 
with PTSD are more likely to have comorbid AUD, 
as much as 42% of individuals within the general 
population5 and 55% of veterans.4 Tis is consistent 
with recent epidemiologic fndings demonstrating 
a reciprocal relationship between the two disorders, 
such that the odds of having PTSD are signifcantly 
greater in individuals with lifetime AUD.6 

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.7 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.8,9 Other difculties 
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,3,6 

and treatment-seeking rates in individuals with 
comorbid AUD and PTSD are very low.8 Treatment 
adherence and response are also poorer in individuals 

with both disorders, compared with individuals with 
a singular diagnosis.9 

Te 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.9,10 Extensive 
research has focused on the opioidergic system 
specifcally for AUD11 and to a lesser extent for 
PTSD.12 More recent attention has focused on the 
importance of the role of brain stress systems in both 
drinking behavior13 and PTSD symptomology,14 

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.15 

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,15 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,16 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,16 this review aims to 
discuss pharmacotherapy for comorbid AUD and 
PTSD in terms of fve 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. Tese studies, reviewed 
in this article, indicate that there is limited to modest 
efcacy in reducing both alcohol use outcomes and 
symptoms associated with PTSD in individuals with 
a dual diagnosis. Because efective pharmacologic 
treatments remain elusive, fnding novel treatment 
targets or pharmacotherapeutic treatment strategies 
for comorbid AUD and PTSD is critical. 

Te 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 efective 
treatment targets. Finally, we provide future research 
directions and suggestions that have potential to 
advance the feld 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).17 

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.10 Few 
studies have examined naltrexone for PTSD without 
comorbidity, and results are mixed and limited by 
small sample sizes.12 To date, three studies have 
examined oral naltrexone for treating co-occurring 
AUD and PTSD,18-20 demonstrating modest efcacy 
on alcohol use outcomes and craving and limited 
efcacy for improving some PTSD symptoms. 
In veterans with comorbid AUD and PTSD, 
naltrexone, when compared with placebo, efectively 
reduced the percentage of heavy-drinking days and 

increased consecutive days of abstinence.18 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 infuence drinking outcomes.19 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.20 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.20 It should be noted that these 
studies were conducted with veterans and civilians 
who had a dual diagnosis of AUD and PTSD, 
suggesting efcacy across multiple populations. 

Other Opioidergic Medications 
Naltrexone was efcacious 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 efective in reducing a 
number of alcohol use outcomes, compared with 
placebo, in individuals with AUD (see Mann et al. 
for a review).21 Older studies have also evaluated 
nalmefene for PTSD, with some indication that 
nalmefene reduces emotional numbing, nightmares, 
fashbacks, intrusive thoughts, and other PTSD-
associated symptoms.22 However, to date, no studies 
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have examined nalmefene for comorbid AUD 
and PTSD. 

Other fndings 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 
efective in alcohol-dependent versus nondependent 
animals.23 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.24 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 efective in alcohol-dependent 
rodents than in nondependent rodents. 

Agents Acting on 
the Noradrenergic System 
Prior studies evaluating the efcacy of prazosin, an 
alpha1-adrenergic antagonist, for separate indications 
of AUD25,26 and PTSD27 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 frst study, a 6-week, placebo-controlled trial 
of 16 mg/day of prazosin was efective in reducing 
percent drinking days per week and percent heavy-
drinking days per week in civilians and veterans with 
comorbid AUD and PTSD.28 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 

12-week study overall.29 Tis study was conducted 
at two diferent Veterans Health Administration 
(VHA) outpatient sites, and alcohol use outcomes 
were confounded by a site diference, such that 
better outcomes were demonstrated at the VHA site 
providing sober housing during treatment. In both 
studies, prazosin was not more efective 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.19 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 
signifcant diferences between medications. 

Other Noradrenergic Medications 
Of the two studies that evaluated prazosin for co-
occurring AUD and PTSD, only one found an efect 
on drinking behavior,28 and neither found an efect 
on PTSD outcomes.28,29 While this is discouraging, 
a recent human laboratory study indicated that 
doxazosin, another alpha1-adrenergic antagonist, 
was efective in reducing alcohol consumption in 
individuals with AUD who had a strong family 
history of alcohol problems.30 Studies on doxazosin 
for PTSD also indicate that the drug may be efective 
in reducing some PTSD symptoms.31 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. 
Tus, 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,32 and 
previous literature has demonstrated the efcacy 
of propranolol in reducing intrusive traumatic 
memories and fashbacks associated with PTSD.33 

More recently, there has been interest in the 
ability of propranolol to disrupt drug-related 
memory reconsolidation, which may be efective 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,34 but results have 
not been consistent.35 In humans, propranolol 
decreased drug craving when administered before 
memory reactivation through a script detailing a 
personalized drug-taking experience.36 However, 
like the preclinical fndings, studies in humans have 
had mixed results regarding propranolol’s ability to 
disrupt drug-associated memory reconsolidation.37 

Also, to our knowledge, propranolol has not yet been 
tested specifcally in humans for alcohol-associated 
memories. 

Propranolol has also been tested for its ability to 
disrupt trauma-related memories. Evidence suggests 
that propranolol efectively reduces physiologic 
reactivity, fear-rated memories associated with 
trauma, and PTSD severity, if given soon after a 
traumatic event,38 and it may be used as a strategy 
to reduce the development or severity of PTSD.39 

Because propranolol demonstrates efcacy in 
reducing alcohol-motivated behavior, attenuating 
PTSD symptoms, and disrupting both drug-
and trauma-associated memory reconsolidation, 
propranolol may also be efective 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 frst-line of treatment for PTSD, with only 
two SSRIs FDA-approved to treat PTSD—sertraline 
and paroxetine.40 However, the efcacy of SSRIs in 
treating PTSD and associated symptoms is limited, 
with less than 20% to 30% of patients achieving 

full remission.41 Similarly, fndings on SSRIs for 
the treatment of AUD or associated symptoms 
are limited.42 To date, few studies have examined 
the efect 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.43 Participants self-reported 
alcohol consumption, and the researchers found 
that sertraline efectively reduced PTSD symptoms 
and the average number of drinks consumed, and it 
increased the number of days of alcohol abstinence. 
Following these positive preliminary fndings, 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.44,45 In these trials, individuals with comorbid 
AUD and PTSD demonstrated decreases in drinking 
behavior, but sertraline was no more efective than 
placebo at infuencing 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.44 Supporting these fndings, Hien and 
colleagues demonstrated greater reductions in PTSD 
symptoms at the end of treatment for the sertraline-
treated group compared with the placebo group,45 

and this efect 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.44 Further, a subsequent secondary data 
analysis concluded that improved PTSD symptoms, 
particularly hyperarousal, were associated with 
improved alcohol-related symptoms,46 possibly 
suggesting that treatments targeted at reducing 
hyperarousal or hyperreactivity may be more 
benefcial 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.19 

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 signifcant additive efect 
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 
efcacy of quetiapine, an atypical antipsychotic with 
antagonist efects at serotonin 5-HT2 receptors, 
among veterans with AUD, of whom 90% were 
diagnosed with PTSD.47 Tese veterans had been 
treated with quetiapine for sleep disturbances, 
as older and more recent work has shown that 
quetiapine is efective in reducing disturbed sleep 
and other symptoms associated with PTSD.48,49 

Tis 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 detoxifcation, 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 efcacious in reducing drinking outcomes in 
a large, multisite clinical trial.50 

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.51 

Further, based on fndings 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-HT2 

and alpha1-adrenergic receptors, is prescribed of-
label for singular AUD or PTSD and may be an 
efective 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.52 However, in a study of alcohol 
detoxifcation patients, the trazodone-treated group 

increased alcohol consumption following cessation of 
the medication.53 

Regarding PTSD, older studies demonstrated 
that trazodone decreased PTSD symptoms and 
dysregulated sleep associated with PTSD.54 In 
individuals with co-occurring substance abuse and 
anxiety symptoms, including PTSD symptoms, 
trazodone decreased alcohol consumption and 
reduced anxiety symptoms.55 While trazodone 
has not yet been investigated in individuals with 
comorbid AUD and PTSD, and recently published 
studies on the efcacy 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 efcacy of 
trazodone in AUD and PTSD populations. 

Further, 3,4-methylenedioxy-methamphetamine 
(MDMA) has shown promise for treatment-resistant 
and chronic PTSD.56,57 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.58 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. 
Te 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 
Tere is promising evidence suggesting that the 
GABA and glutamate systems may be targets 
for treating comorbid AUD and PTSD.59 While 
not FDA-approved for the treatment of AUD, 
topiramate, an anticonvulsant with action at both 
GABA and glutamate receptors, has demonstrated 
efcacy in reducing alcohol consumption in humans 
and is recommended as a second-line treatment.10 

https://treatment.10
https://symptoms.55
https://medication.53
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Furthermore, other studies suggest that topiramate 
may be efective in treating PTSD.60 Contributing 
to the framework for studying topiramate in this 
comorbid population, an 8-week, open-label pilot 
study assessed the efect of topiramate among 
veterans with PTSD.61 Tese veterans did not have 
co-occurring AUD and PTSD, but the authors 
examined the efect of topiramate on alcohol use 
and PTSD symptoms. In this study, topiramate was 
efective 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 efcacy of 
topiramate for either AUD or PTSD, Batki and 
colleagues conducted the frst randomized controlled 
trial of topiramate among veterans who have 
comorbid AUD and PTSD.62 Topiramate, when 
compared with placebo, was efective 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 signifcant cognitive efects of 
topiramate on learning and memory in this study, 
but these cognitive defcits 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 efects. Tis 
may be due to the more indirect efect of zonisamide 
on GABA and glutamate activity, compared with 
topiramate.63 A small study evaluating the efcacy 
of zonisamide in the treatment of AUD showed 
that zonisamide was well-tolerated and reduced 
heavy-drinking days, drinks per week, and 
alcohol urges,63 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.64 In individuals 
with AUD, gabapentin efectively reduced heavy 
drinking and alcohol craving, and it improved rates 

of abstinence,65 although results are mixed, with 
some fndings indicating that gabapentin is more 
efcacious in individuals with a history of alcohol 
withdrawal.66 Pregabalin is more potent than 
gabapentin and also has positive efects on alcohol 
craving and withdrawal.67 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 fashbacks, nightmares, and other sleep 
disturbances.68,69 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.70,71 While 
these anticonvulsants have modest efcacy 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 
frst-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 (mGluR5) in 
the pathophysiology of PTSD and AUD. Preclinical 
studies indicate that mGluR5 activity may mediate 
fear conditioning72 and regulate alcohol-related 
behavior.73 Indeed, antagonists at mGluR5 sites, such 
as 2-methyl-6-(phenylethynyl)-pyridine (MPEP), 
block the acquisition of fear and decrease alcohol 
self-administration and reinstatement in rodents.73,74 

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.75 Tis makes 
sense, considering that the preclinical literature 
indicates that mGluR5 receptors are involved in 
the regulation of fear and stress-related behaviors.72 

Likewise, hyperactivity at glutamatergic receptors is 
associated with chronic alcohol misuse,76 and PET 
studies have demonstrated alterations in mGluR5 
availability in individuals with AUD, including those 
who are abstinent.77 

Taken together, blocking mGluR5 sites may be 
benefcial in reducing both PTSD-related symptoms 
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and alcohol use outcomes in individuals with both 
disorders. Although not yet empirically tested, 
mGluR5 antagonism could provide another new 
approach for treating comorbid AUD and PTSD. 
It should be noted that there may be unwanted 
efects associated with GABAergic or glutamatergic 
medications, namely cognitive impairment.62,76 

Terefore, 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 efect on alcohol-motivated behavior 
because of their role in the stress response, with 
results indicating efcacy in reducing alcohol craving 
and cortisol reactivity in humans78 and in blocking 
stress-induced reinstatement of alcohol-seeking in 
rodents.79 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.80 

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 efect of N-acetylcysteine or placebo 
in veterans with comorbid PTSD and SUD and 
found N-acetylcysteine to be more efective than 
the placebo in reducing drug craving and PTSD 
symptoms.81 Preclinical work has shown that 
N-acetylcysteine reduced alcohol-seeking and 
reacquisition of alcohol self-administration in 
rodents.82 Another recent clinical trial examined the 
efect of ABT-436 in individuals with AUD only 
and found that ABT-436, when compared with 
placebo, increased days of abstinence.83 Importantly, 
in a subgroup analysis, individuals with higher 
baseline levels of stress demonstrated better ABT-436 
treatment responses for drinking outcomes. Tus, 
individuals with AUD and high stress may beneft 
most from vasopressin 1b antagonism, likely 
indicating that ABT-436 may be an efective, 
promising pharmacologic treatment option for 
individuals with comorbid AUD and PTSD. 

Because of its anxiolytic properties,84 oxytocin also 
presents as a potential candidate for the treatment 
of PTSD85 and AUD.86 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.87 Oxytocin also reduced alcohol withdrawal 
in patients with AUD,88 and it may moderate cue-
induced alcohol craving in a subset of individuals 
who have anxiety and AUD.89 To our knowledge, 
oxytocin has yet to be tested in a comorbid 
population. Tese 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 efcacy 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.90 Subthreshold dosing combinations can 
be used on the basis that a combination of already 
efcacious medications can target multiple neural 
systems. Or, combined medications can target one 
neural system but afect diferent receptor subtypes 
that may be dysregulated in each disorder, thus 
addressing diferent symptoms or aspects of behavior. 
Similarly, medications with diferent mechanisms of 
action can be used in combination and in a lower 
dose range to potentially minimize side efects 
associated with higher doses of one drug alone, 
possibly improving medication compliance and 
study retention.91 

Work in rodents confrms that combination 
pharmacotherapy may be a promising treatment 
approach for AUD. When administered in 
combination, prazosin and propranolol, two drugs 
targeting diferent receptor subtypes within the 
same neural system, were more efective than either 
drug alone in decreasing alcohol intake.90,92 Further, 
prazosin in combination with naltrexone, two drugs 
targeting diferent neural systems, was more efective 
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in reducing alcohol-seeking and consumption than 
either drug alone.90,93 

Tis combination approach has also been proposed 
as a treatment strategy for PTSD to optimize 
treatment response and prevention.33 Medications 
within the noradrenergic system but with difering 
mechanisms of action have been shown to treat 
separate symptoms of PTSD. For example, 
prazosin, the alpha1-adrenergic receptor antagonist, 
reduces combat-related nightmares and insomnia; 
whereas propranolol, the beta-adrenergic receptor 
antagonist, decreases fashbacks and traumatic 
memories associated with PTSD. As such, Shad and 
colleagues postulated that prazosin in combination 
with propranolol may lead to signifcant clinical 
improvement of PTSD by treating a broader 
spectrum of PTSD-related symptoms, an efect not 
demonstrated with monotherapy.33 

Further, a fairly recent case report suggests that 
prazosin in combination with naltrexone was 
efective in reducing alcohol craving and PTSD-
related fashbacks within 4 days of treatment, with 
complete remission of alcohol craving and fashbacks 
in 2 to 4 weeks.94 It should be noted that these 
fndings 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. Tree 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,16 

there are contradictory fndings within each 
neurobiological system targeted. Overall, fndings 
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 efect 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 efcacy, especially given the cognitive side 
efects of the drug. Future work should consider 
investigating lower doses of topiramate to decrease 
side efects and improve personalized medicine.95 

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. 
Tis gender gap could be problematic, as recent 
research indicates that medication response may 
difer 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,96 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.97 

Recent evidence also suggests that noradrenergic 
targets for tobacco dependence may diferentially 
attenuate stress reactivity in women and nicotine-
related reinforcement in men.98 It is plausible that 
noradrenergic compounds may also preferentially 
target gender-sensitive systems for AUD and may 
be more efective in treating women with post-
traumatic stress. Further, recent fndings suggest 
that the prevalence of drinking has increased 
among women over the past decade,1 and women 
have higher rates of PTSD than men.3 Tus, it is 
important to consider sample size and the ability 
to detect gender diferences 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 efects in veterans, and many of them had 
combat-related trauma. Te other half examined 
treatment efects 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 efcacy. Sertraline was more efective 
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.44 Tus, 
further research on personalizing treatment to refect 
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 efective pharmacologic 
treatment options. Tis could be due to the 
complexity associated with psychiatric comorbidity 
and the difculties of conducting research among 
this population. Treatment studies tend to focus 
on the efect 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 efcacy 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 
efcacious in reducing alcohol-motivated behavior, 
and may be an efective strategy for individuals who 
are unresponsive to frst-line treatments or for those 
who are sensitive to adverse events associated with 
higher doses of a singular drug. 

Tere is a rich literature on behavioral treatments 
for comorbid AUD and PTSD that is beyond 
the scope of the current review.17 However, future 

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 efcient, cost-efective avenue for evaluating 
the efects of potential medications on psychiatric 
disorders. Tis method has been used efectively to 
screen medications for drug use disorders.99 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 efort 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 efcacy, 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, 
efcacious 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 frst-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 treatment outcomes.This 
review describes evidence-supported behavioral interventions for treating 
AUD alone, PTSD alone, and comorbid AUD and PTSD. Evidence-based 
behavioral interventions for AUD include relapse prevention, contingency 
management, motivational enhancement, couples therapy, 12-step 
facilitation, community reinforcement, and mindfulness. Evidence-based 
PTSD interventions 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 
treatment 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 
treatment goals, affect treatment outcome. 

KEY WORDS: alcohol use disorder; comorbidity; integrated treatment; 
post-traumatic stress disorder 
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Overview 
Alcohol use disorder (AUD) and post-traumatic stress disorder (PTSD) 
are chronic, debilitating conditions that commonly co-occur.1 Te 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.2-14 

Previous reviews of treatment options for comorbid AUD and PTSD 
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indicate that efective treatments are scant, and 
there is substantial room for improvement.4-9 

Furthermore, individuals with co-occurring AUD 
and PTSD sufer a more complicated course of 
treatment and less favorable treatment outcomes, 
when compared with individuals who have either 
disorder alone.15-19 Terefore, identifying efective 
interventions to treat co-occurring AUD and PTSD 
is a national public health priority. Tis 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.20,21 Over the past 
30 years, numerous meta-analyses and systematic 
reviews have demonstrated that CBT is an efective 
treatment for AUD.20,22-25 For substance use 
disorders, small but statistically signifcant treatment 
efects have been observed for various types of 
CBT.24 CBT interventions typically are designed as 
short-term, highly focused treatments that can be 
implemented in a wide range of clinical settings. 
Tese interventions are fexible and can be applied 
in individual or group therapy formats. CBTs for 
AUD focus on the identifcation and modifcation of 
maladaptive cognitions and behaviors that contribute 
to alcohol misuse.21 Behavioral treatments for people 
with AUD also target motivation for change and 
improvement of specifc 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 

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 diferent types of treatment 
simultaneously (e.g., CBT and 12-step engagement). 
In this section, we briefy review several empirically 
supported behavioral interventions for AUD. 
(Higgins and colleagues provide more information 
on behavioral interventions for substance use 
disorders.26) 

Relapse prevention 
For the past 30 years, relapse prevention27 has 
been one of the prevailing empirically supported 
CBTs for AUD.20 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 efective 
coping strategies.21,28 Tis 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 efects.29 Evidence from the review 
suggests that relapse prevention is most efective for 
those who have negative afect, more severe substance 
use disorder, and greater defcits 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.30,31 Te 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.32 

Often, the primary goal is abstinence, but other goals 

https://goals.32
https://effects.29
https://disorders.26
https://misuse.21


    
    

       
       
     

      
         

    
     

    

 
      

     
      
      

       
      
        

      
    

    
      

       
       

     
       

       
    

       
       

        
        

      
      

      
     

 
      

     
        

        
       

      

   
        

      
      

     
      

 

     
          

     
         

      
        

     
        
        

      
     

        
        

     
      

     
      
      

     
        

       
       

        
      

    

     
      

    
      

         
     

        
      

     
    

     
       

 

may include therapy attendance, prosocial behaviors, 
or compliance with medications.21,26 Contingency 
management is designed to help promote initial 
abstinence of substance use. Tis 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.26,33 Numerous studies show that 
contingency management can increase abstinence, 
clinic attendance, and medication compliance.32,34-37 

Motivational enhancement 
Motivational enhancement therapy is an intervention 
designed to enhance internal motivation for 
change and engagement in the change process.38,39 

Tis 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.21,40 Based on 
the principles of motivational interviewing,41 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 benefts 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 efective 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 

Couples therapy 
Alcohol behavioral couple therapy46 and behavioral 
couples therapy for alcoholism and drug abuse47 

are manual-guided (also known as manualized) 
treatments for AUD that incorporate participation of 
a signifcant other or romantic partner. Most efective 
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.8,9 Both of these therapies 
involve 12 weekly, 60- to 90-minute sessions that 
focus on psychoeducation and cognitive behavioral 

interventions. Te 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.48 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.21 

Tis 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 signifcantly more likely to be abstinent at 
follow-up visits during the 3 years after treatment.25 

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 
Te community reinforcement approach is a 
CBT designed to enhance social, recreational, 
and vocational skills.21 Participants learn confict 
resolution skills, ways to foster healthy relationships, 
and how to develop a new social network.26 Tis 
approach is diferent 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.21 

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.26 Treatment with 
disulfram is ofered 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.26 

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.49 Tis 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.50 Te 
same researchers reported that the mindfulness-based 
approach may have yielded more enduring efects 
than standard relapse prevention, as evidenced by 
a signifcantly 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 diferences in relapse 
between mindfulness-based relapse prevention 
and comparable interventions, such as relapse 
prevention.51 

Another intervention, mindfulness-oriented 
recovery enhancement, is a group intervention 
delivered over 8 to 10 sessions.52 Tis 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 afect and improved 
positive afect.53 

Behavioral Treatments for PTSD 
Behavioral intervention is considered a frst-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.54-58 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 efectiveness.59-62 

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 afective responses 
to trauma exposure.63 Targeting these processes in 
cognitive behavioral interventions typically results 
in substantial improvement in PTSD symptom 
severity60,64 and in various domains of functioning, 
when compared with unstructured interventions or 
usual treatment conditions.65-67 Treatment guidelines 
indicate that exposure-based psychotherapies have 
sufcient empirical evidence to be deemed efective 
PTSD treatments.60-68 Tese and other emerging 
therapies are described in this section. 

Prolonged exposure 
Prolonged exposure is a manual-guided CBT 
consisting of 10 weekly, 60- to 90-minute individual 
therapy sessions.54 Te central therapeutic component 
of prolonged exposure is based on Pavlovian learning 
theory. Te treatment involves repeatedly presenting 
a conditioned stimulus (e.g., a trauma reminder) 
in the absence of an unconditioned stimulus (e.g., 
the traumatic event). Tis 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.69 

https://improvement.69
https://sessions.54
https://exposure.63
https://affect.53
https://sessions.52
https://prevention.51
https://prevention.50
https://prevention.49
https://institutionalized.26
https://treatment.26


 

    
    

    
     

       
     

     
      

      
      

      
      

     
       

      
     

    
     

       
     

     
       

 

      
    

        
       

       
     

      
     

    
        

       
   

     
     

      
       

     
    

      
     

    
        

    
     

    
     

       
       
      
         

      
     

       
      

        
       

     
     

   
       

     

     
    

      
      

       
 

       
      

       
       
      

Cognitive processing 
Another manual-guided cognitive behavioral 
modality that has received strong empirical support 
for the treatment of PTSD is cognitive processing 
therapy.70 Cognitive processing therapy consists 
of 12 weekly, 60-minute individual sessions. Tis 
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 modifed, group 
therapy version of cognitive processing therapy 
was designed and tested, with promising results.65 

Evidence also supports the efectiveness of cognitive-
only cognitive processing therapy,71 which includes 
psychoeducation about PTSD, cognitive skill-
building, and learning cognitive restructuring skills. 
Te cognitive-only therapy does not employ written 
narratives, and the most recent treatment manual 
recommends the cognitive-only therapy as the frst-
line version, with written narratives as an optional 
modifcation.72 

Eye movement desensitization 
and reprocessing 
For the treatment of PTSD, eye movement 
desensitization and reprocessing has received 
empirical support73 and is one of the therapies that 
has received endorsement in recent U.S. Department 
of Veterans Afairs and U.S. Department of Defense 
treatment guidelines. Eye movement desensitization 
and reprocessing is one of the three most-studied 
treatments for PTSD.59 Tis therapy incorporates a 
variety of techniques, including prolonged exposure 
and cognitive restructuring, but it difers 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.74 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.75,76 Tis therapy 
has demonstrated efcacy in a variety of populations 
and is commonly used in randomized controlled 
trials as a comparator for new or adapted PTSD 
treatments.77 

Cognitive behavioral conjoint therapy 
Cognitive behavioral conjoint therapy for PTSD is a 
manual-guided, 15-session CBT.78 Tis 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 therapy79 and brief eclectic 
psychotherapy.80 Te empirical literature on these 
approaches is limited, but the research demonstrates 
promising fndings. 

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 1980.81 Since 1980, behavioral 
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treatments for comorbid AUD and PTSD often 
have been conducted sequentially, with alcohol-frst 
treatments being more prevalent than PTSD-frst 
treatments. Teoretically, achievement of abstinence 
facilitates development of cognitive skills such as 
impulse control and emotion regulation. Tese 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-frst 
and integrated treatments voice concern that AUD 
symptoms will worsen if skills promoting abstinence 
are not well-developed frst, and that PTSD 
symptomatology will also worsen overall.82-84 

Irrespective of the theoretical debate, 
epidemiologic evidence suggests that integrated 
treatments are not yet widely used in substance 
use disorder treatment centers.8,84 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” ofered some form 
of trauma-related counseling, only 38% reported 
“always or often” using this approach.85 Tis 
percentage has improved slightly since SAMHSA’s 
2009 N-SSATS report, when 67% of respondents 
reported “sometimes, often, or always” ofering 
trauma-focused treatment. In 2012, Capezza and 
Najavits noted that additional studies about “the 
content of trauma counseling currently ofered by 
facilities” and “whether the treatment is informed by 
the evidence” would be useful.86 

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.87 

Te 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 identifed 
in many initial diagnostic assessments. Only 66% 
of substance use disorder treatment centers report 
ofering any form of mental health treatment not 
related to substance misuse.85 

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.87 

Tey 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 efcacy. When 
studying the efectiveness 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 staf 
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 efective.9,88-94 

In a recent review, Simpson and colleagues 
evaluated 24 randomized clinical trials (N = 2,294) 
from studies of behavioral treatments for comorbid 
PTSD and substance use disorder.9 Te trials were 
grouped into three categories: (1) exposure-based 
treatments, (2) coping-based strategies, and 
(3) addiction-focused interventions. No signifcant 
diferences 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.9 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 fnished 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 diferences, 
participant retention for trauma-focused studies 
was approximately 51%.9 Retention was about 50% 
for nontrauma-focused studies and about 44% for 
studies that focused on substance use disorders. Te 

https://outcomes.87
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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. 

Te 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 
signifcant room for improvement.9 Overall, the 
data indicate that trauma-focused treatments are 
an efective approach for reducing PTSD severity. 
Tus, integrated trauma-focused treatments are 
recommended for individuals with comorbid AUD 
and PTSD.7,9 

Furthermore, many people report that they 
prefer integrated models of treatment to sequential 
models.95 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. 
Tus, 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. 
Te integrated model is further supported by studies 
indicating that PTSD symptom improvement 
infuences subsequent AUD symptom improvement 
more than AUD symptom changes infuence 
subsequent PTSD symptoms.18,96 

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.84,97 Tus, developing efective 
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 efects are largely 
maintained at 3-, 6-, and 9-month follow-ups.98-100 

Seeking safety 
Te 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.101 Originally, seeking safety 
was designed as a group intervention, but it has 
also been studied as an individual format. Te 
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).102-105 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 diferences 
for substance use or PTSD severity.106 

Te 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.107 However, given the abundance of 
literature documenting the efcacy 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.9,90,91,93,108 

Concurrent treatment of PTSD and 
substance use disorders using prolonged 
exposure (COPE) 
A manual-guided, integrated therapy that has 
demonstrated efcacy in treating comorbid AUD 
and PTSD is concurrent treatment of PTSD 
and substance use disorders using prolonged 
exposure.109 Tis therapy is a 12-session, individual 
intervention that synthesizes empirically validated, 
cognitive behavioral treatment for AUD with 
prolonged exposure therapy for PTSD.110 Several 
randomized controlled trials conducted in the 
United States and internationally demonstrate 
that this treatment signifcantly reduces AUD and 
PTSD severity.96,100,111 
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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.99,112 Tis treatment 
consists of 8 to 12 weekly sessions for the individual 
and focuses on psychoeducation, mindful relaxation, 
coping skills, and cognitive fexibility. 

Other interventions include the trauma recovery 
and empowerment model, which was designed for 
women, and a version of the same therapy designed 
for men.113 Tese interventions are group-based, 
focus on recovery skills, and have demonstrated 
reductions in substance use.114 Also, couple treatment 
for AUD and PTSD, a 15-session couple therapy 
adapted from Monson and Fredman’s cognitive 
behavioral conjoint therapy for PTSD,78 has 
promising preliminary empirical support.115 

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

behavioral and other theoretical approaches;116 the 
addictions and trauma recovery integrated model, an 
individual approach that focuses on reconstructing 
trauma memories;117 and trauma adaptive recovery 
group education and therapy, a group intervention 
designed to enhance emotion regulation.118 (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. Te 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 Integrated Treatments for AUD and PTSD 

Treatment Content Number of 
Sessions 

Individual Only 

Concurrent Treatment of PTSD and Substance Use Disorders 
Using Prolonged Exposure109 

Relapse prevention and coping skills integrated with 
prolonged exposure 

12 

Individual or Group 

Integrated Cognitive Behavioral Therapy112 

(initially individual, then group) 
Mindful relaxation, flexible thinking skills (e.g., cognitive 
restructuring and behavioral functional analysis) 

8 to 12 

Seeking Safety101 Coping skills, interpersonal relationship skills, 
self-development skills 

25 

Trauma Adaptive Recovery Group Education and Therapy118 Emotion regulation, mental focusing, executive function skills, 
mindfulness, interpersonal engagement and interaction skills 

4 to 14 

Couples 

Couple Treatment for AUD and PTSD115 Coping and relapse prevention skills, interpersonal 
relationship skills 

15 

Group Only 

Transcend116 In first half of sessions, coping skills only; trauma processing 
added in second half of sessions 

12 

Trauma Recovery and Empowerment Model113 Gender specific; cognitive restructuring, coping skills training, 
social support, communication skills 

18 to 29 



 

    
 

        
      

    
     

      
        

       
       

      
    
       

     
     

 
       
     

      
    

        
     

      
     

       
      

        
    

       
      
     

       
       

        
     

     
       

      
   

  
      

    
     

     
      

     
      

      
          

 

      
      

      
       

      
       

     
       

      
      

      
      

     
   

    
      

     
    

        
       

     

  
 

 
  

  
 

  

   
 

 
   

  

  
 

 

   
  

 
  

 
  

 
 

  
 

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 efcacy 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.99,100 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 
difer.119 

Studies that compare other outcomes related to 
treatment retention and symptom improvement, 
such as sleep, mood symptoms, somatic medical 
conditions, and safety profles (including violence 
and suicidality), would also be helpful. Te 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 staf workload. Te 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 specifc 
alcohol-related treatment needs. Finally, given the 
heterogeneous nature of AUD120 and the complex 
etiology, course, and treatment of both AUD 
and PTSD, studies that examine commonalities 
underlying efective behavioral treatments 
are essential. 

Gender is another important consideration in the 
development of efective treatments for comorbid 
AUD and PTSD. Critical psychosocial and 
neurobiological diferences 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.121,122 Also, gender may 
be a factor in the utilization of treatment for these 
conditions.123 

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.124,125 Also, individuals receiving treatment 
might have a goal to reduce substance use rather 
than attain or maintain abstinence.126 Investigations 
that consider these individual and contextual 
factors are necessary to efectively 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 TBI, 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 TBI is a key predictor of rehabilitation 
outcomes, prognosis, and additional head injuries.This review provides 
a general overview of the bidirectional relationship between TBI and AUD 
and a discussion of potential neuropsychological and neurobiological 
mechanisms that might underlie the relationship. 
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AODU initiation; brain; injury; trauma 
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Overview of Traumatic Brain Injury 
Traumatic brain injury (TBI) is characterized by neurological 
dysfunction caused by a bump, blow, or penetrating injury to the brain. 
Te 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.1 Te 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 fow contribute to the 
development of cognitive and functional defcits.2 Further, the injuries 
can be divided into those that cause focal or penetrating damage to 
local brain regions versus those that result in more difuse damage.3 

Consequently, TBI is a highly heterogeneous injury state resulting in a 
patient population with markedly diferent 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.4,5 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 
providers6,7 (although rates of emergency department 
visits are rising, likely due to increasing public 
awareness of the seriousness of TBI).8 Even among 
those patients seen by medical personnel, the lack 
of defnitive diagnostic tools, or even consensus on 
a defnition, means that a substantial proportion 
of TBIs go undiagnosed.9 Additionally, TBI was 
declared the signature injury among military 
personnel involved in the protracted conficts in Iraq 
and Afghanistan (Operations Enduring Freedom, 
Iraqi Freedom, and New Dawn).10 During the frst 
12 years of these conficts, nearly 250,000 service 
members were diagnosed with TBI,11 although the 
difculties 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.12 Te 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 sufer from cognitive issues and are more 
likely to be unemployed, socially isolated, and 
incarcerated.13,14 Tus, 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.15 

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.16 

Binge drinking is a major risk factor for trauma, 

particularly brain trauma.17 Individuals who 
consume more than fve drinks in a sitting are more 
than three times as likely to sufer a trauma.18 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 TBI.19 Te lifetime 
incidence of TBI is approximately four times higher 
among individuals who drink, relative to those who 
do not.20 

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.21 More 
than half the patients admitted for rehabilitation 
following TBI meet the diagnostic criteria for AUD22 

or are considered at risk for problem drinking 
because of self-reported binge drinking or Short 
Michigan Alcoholism Screening Test (SMAST) 
scores.21 Tus, 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 efects of blood alcohol concentration at time 
of injury on survival and on functional outcomes. 
Tere 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,23,24 although 
not all studies have reached that conclusion.25 What 
is much clearer, however, is that drinking after 
TBI represents a major impediment to successful 
outcomes in several critical domains.16,26 

Patterns of Drinking After TBI 
Alcohol use falls of immediately after TBI, and this 
reduction appears to be due to three factors.21 First, 
many patients are advised to abstain from alcohol in 
the early postinjury period to reduce the likelihood 
of post-traumatic seizures.27 Second, many patients 
with TBI have limited access to alcohol because 

https://seizures.27
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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.21 

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.28 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.29 Te 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.22 

Tere 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.30,31 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),21,30 

and this has signifcant 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.32 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.33 Additionally, among 
patients with a primary diagnosis of substance use 
disorder (defned 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.34 

Still, any potential causal relationship between 
adult TBI and AUD has been difcult 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.35 Tird, 

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.36 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.37 

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.38 

Te 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. Tis 
relationship is easier to discern because the efects 
of injury on the developing nervous system can 
be profound,39 and because this population is 
less afected 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 (Tird 
Edition–Revised) criteria for alcohol dependence 
during adolescence, when compared with those 
who had no similar injury.40 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 defned by the International 
Classifcation of Diseases, Ninth Revision: Clinical 
Modifcation) among patients with a history of 
TBI, when compared with uninjured control 
patients.41 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 (defned as loss of consciousness or an 
overnight hospitalization), when compared with 
uninjured students.42 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 
16.37 Among the patients in this study, those with a 
history of childhood brain injury had twice the rate 

AUD and Traumatic Brain Injury | 173 

https://students.42
https://patients.41
https://injury.40
https://institutionalization.36
https://studies.35
https://drink.33
https://injury.32
https://injury.22
https://injury.29
https://treatment.28
https://mobility.21


174 | Alcohol Research: Current  Reviews  | Vol 39 No 2 | 2018 

of problem alcohol use as those without previous 
TBI. (Problem alcohol use was defned 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 TBI.43 For instance, 
individuals with a history of TBI early in life are less 
likely to participate in extracurricular activities, fnish 
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 modifers for alcohol 
misuse.37,44,45 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.46 

Similar patterns have been observed among 
civilians.47 Remarkably, this relationship exists even 
among individuals who experienced post-traumatic 
amnesia that prevented them from remembering the 
trauma.48 Te potential physiological links between 
the two conditions remain under investigation, but 
they may involve dysregulation of the hypothalamic 
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 Figure 1 Overlapping neurobehavioral links among TBI, PTSD, and alcohol use disorder. TBI and PTSD share trauma 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. Note: HPA, hypothalamic pituitary adrenal; PTSD, post-traumatic 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.49,50 

Critically, 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.21 Te 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.51 Tere 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.52 For instance, the hyperarousal 
to stressful events that is central to PTSD pathology 
is unpleasant and can increase social withdrawal, 
thus exacerbating ongoing negative afect.52 TBI can 
make it more difcult 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 difculties will lead to 
drinking. Because some of the relationship between 
TBI and AUD is likely mediated by PTSD, it has 
been difcult 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.20,22,31,32 Tis propensity to 
resume consuming alcohol at preinjury levels is of 
critical importance, because alcohol use after injury 
is deleterious in a number of diferent domains and is 
predictive of negative outcomes over the long term.16 

A distinction has to be drawn between AUD and 
alcohol use in the absence of problem drinking. 
People who have brain injuries likely sufer negative 
consequences from patterns of drinking that 
would not produce signifcant harm in uninjured 
individuals. For instance, drinking can promote 

development of post-traumatic seizures directly 
and by interfering with the efcacy of prescribed 
antiseizure medications.53 Critically, alcohol afects 
peripheral tissues, including in the liver and kidneys, 
and impairs wound healing, which can have outsized 
efects on patients recovering from trauma. Also, 
cognitive consequences of drinking appear to be 
magnifed by prior TBI. For instance, patients with 
TBI who drank at “heavy social” levels (with a mean 
Alcohol Use Disorders Identifcation Test score of 
16.9) exhibited impaired event-related potentials 
and greater cognitive defcits, when compared with 
patients who abstained.54 

Finally, both drinking and a history of TBI are 
powerful risk factors for sufering subsequent head 
injuries.55 Moreover, sufering TBI while intoxicated 
more than triples the likelihood of sufering a future 
TBI.56 Repeated TBIs produce more severe long-
term damage and permanent disability than a single 
injury.55 Patients with TBI often report reduced 
tolerance to alcohol,57 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 signifcantly poorer 
long-term outcomes than patients who do 
not.58 A chronic high level of drinking can be 
proinfammatory and deleterious to brain health 
and thus has the potential to impair functional 
recovery and further damage vulnerable and already 
impaired neural structures.59 Many of the brain 
regions commonly injured in TBI, including the 
frontal and medial temporal regions, are also key 
sites of infammatory 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 frst year after injury than patients who 
did not relapse.60 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.61 

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.16 
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Patients with AUD are also more likely to have 
lower levels of life satisfaction.62 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.63 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.60 

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 
Tere 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 signifcantly reduce the amount 
of alcohol they drink.21,30 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. Tere is limited, but 
generally positive, evidence that brief interventional 
strategies and cognitive-behavioral therapies can be 
efective in this population.52 

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. Tese regions include 
the key areas for cognitive control and executive 
function in the frontal and anterior temporal regions. 
Tus, it is extremely common after moderate to 

severe TBI to sufer from cognitive defcits, impaired 
emotional regulation, and difculty focusing 
attention. Terefore, AUD treatment protocols must 
be tailored to address the specifc 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.60 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.64 

Moreover, the efcacy of drugs (e.g., disulfram 
and naltrexone) approved specifcally for treatment 
of AUD has been minimally investigated in the TBI 
population.65 Tese 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. 

Te pharmacological treatments for management 
of TBI fall into two general classifcations.66 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.66-68 Although little direct evidence 
indicates that these compounds can increase the 
likelihood of developing AUD, it is imperative 
to consider how their potential and efcacy are 
infuenced by alcohol if they are to have appropriate 
clinical efects. 

Mechanisms Linking AUD to TBI 
Tere are a number of potential mechanisms 
that link TBI to AUD across both cognitive and 
psychosocial domains. Further, there is mounting 
evidence that central infammatory signaling can 
interact with defcits in neural reward systems, 

https://classifications.66
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which may indicate that people with TBI are more 
vulnerable to developing AUD. 

Cognitive and psychosocial links 
Te incentive motivation theory of drinking 
predicts that individuals drink alcohol to either 
enhance positive afect (i.e., directly improve mood 
or facilitate socialization) or reduce negative afect 
(i.e., alleviate depression or anxiety).69 Te decision 
to drink or not drink alcohol, as predicted by this 
theory, is based on weighing the perceived benefts 
against the potential costs, which may include 
legal and occupational issues, hangovers, monetary 
costs, and social pressures. However, people with 
TBI often have difculty weighing the future costs 
of their actions. For instance, laboratory-based 
neuropsychological tests demonstrate that people 
who have frontal lobe injuries consistently have 
defcits in decision-making, as assessed by their 
performance in delay discounting and gambling tasks 
that require judgment about future consequences 
of immediate actions.70,71 Tis pattern of cognitive 
defcits is superfcially similar to what occurs in 
patients with AUD, and these cognitive defcits are 
worse in patients with TBI who meet the diagnostic 
criteria for AUD.72 Tus, 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 
unspecifed, although a potential link has received 
increased attention in recent years, and new animal 
models have been developed.73,74 Injury to the brain 
often results in afective, 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.75 Animals that experienced TBI as 
juveniles exhibited markedly greater alcohol 
self-administration as adults, when compared to 
noninjured animals. Te diference 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 diference 
was associated with enhanced reward responses to 
intraperitoneal alcohol. Tus, 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, 
TBIs are remarkably heterogeneous in etiology, 
location, and severity, but they do possess some 
common features.3 Specifcally, virtually all TBI 
produces acute neuroinfammatory response and 
persistent alterations in neuroimmune physiology.76 

Tis is important because alcohol and central 
infammatory responses are bidirectionally linked. 
High doses of alcohol produce a characteristic 
infammatory response in the brain, including 
activation of microglia and upregulation of 
proinfammatory signaling molecules.59 Further, 
this infammatory 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 
infammatory responses, cognitive defcits, 
and neural degeneration following binge-like 
alcohol administration in adulthood.77 Moreover, 
infammatory responses in the brain drive alcohol-
drinking behavior in animals, and blocking or 
reducing neuroinfammatory signaling can attenuate 
alcohol self-administration.78-80 Tus, we postulate 
that TBI establishes a state of constant escalation in 
which it directly induces an infammatory response 
and also enhances the neuroinfammatory response 
to subsequent exposure to alcohol.73 Future studies 
need to address whether inhibiting TBI-induced 
infammatory 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.14 Whether the efectiveness 
of dopaminergic agents in patients with TBI refects 
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a true dysregulation of mesocorticolimbic dopamine, 
or if higher dopaminergic tone is benefcial for cog-
nitive function in survivors of TBI, remains unspec-
ifed. 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. 

Neuroinfammatory responses have signifcant 
antidopaminergic efects,81 and blunted 
dopaminergic release is a major risk factor for 
the development of AUD.82 In our juvenile TBI 
model, injured mice exhibited markedly attenuated 
dopaminergic signaling in adulthood and altered 
patterns of neuronal activation in dopaminergic 
cells.83 Tere 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 neuroinfammation 
and hypodopaminergia that could underlie greater 
vulnerability to AUD in people with TBI, and this 
review is limited in scope. 

Future Research Needs 
Tere 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 afect TBI and 
AUD. In particular, what are the roles of chronic 
neuroinfammatory 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. Tus, 
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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Co-Occurring Post-Traumatic 
Stress Disorder and Alcohol 
Use Disorder in U.S. Military 
and Veteran Populations 

Emily R. Dworkin, Hannah E. Bergman,Thomas O.Walton, Denise D.Walker, 
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 unique factors associated with military service, such as aspects of 
military culture, deployment, and trauma exposure.This review addresses 
the prevalence of co-occurring PTSD and AUD in military and veteran 
populations, population-specifc factors that contribute to 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. 
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Post-traumatic stress disorder (PTSD) and alcohol use disorder 
(AUD) are costly and consequential public health concerns that have 
disproportionately afected U.S. military service members and veterans.1,2 

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 

PTSD and AUD in U.S. Military and Veteran Populations | 161 



162 | Alcohol Research: Current  Reviews  | Vol 39 No 2 | 2018       

       
       

      
        

      
       

     
      

      
        

   
        

        
       

      
     
       

     
       

      
        

     
      

       
 

       
       

        
        

        
      
      

    
      

     
       

       

      
        

      
       

     
      

       
        

         
  

       
      

     
       

      
       

       
       

      
     
     

      
      

       
      

      
     

      
        

      
     

     
      
      

       
  

       
       

      
      

     
    

     
     

     
        

          
        

       
       

     
   

veterans, compared to 5% of civilians.2-8 Lifetime 
prevalence of PTSD ranges from 7% to 8% 
among veterans, compared with 6% of civilians.2,8,9 

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.10 

Among Operation Enduring Freedom (OEF) and 
Operation Iraqi Freedom (OIF) veterans, 10% had 
an AUD diagnosis in their U.S. Department of 
Veterans Afairs (VA) electronic medical records.11 

PTSD and AUD often co-occur in military and 
veteran populations,2 as they do in the general 
population,12 and having PTSD or AUD increases 
the likelihood of experiencing the other.1 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.2,9 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.11 

In the general civilian population13 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,14 and veterans with PTSD and 
substance use disorder (SUD) reported that they 
perceived that the conditions were interrelated.15 

Longitudinal studies of veterans have supported 
the self-medication hypothesis,16 which may 
explain why veterans with unresolved PTSD are 
more likely to relapse after treatment for substance 
misuse.17 

Factors That Contribute to 
PTSD and AUD 
Among military and veteran populations, the 
risk for both PTSD and alcohol misuse may vary 
because of diferences 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. 

Terefore, 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 efects. 

Demographics 
Gender is associated with diferential 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%).2,9 Civilian men have 
a higher risk for alcohol misuse than women,18 

and men are overrepresented in military and 
veteran populations. Also, male service members 
report more past-month binge drinking than 
female service members.7,10 Despite these gender 
diferences, research on the experiences of women 
veterans and active-duty service members is 
limited, and more work is needed in this area. 

Racial diferences in the prevalence of PTSD 
have been identifed, with higher prevalence 
occurring among non-White veterans and service 
members.2 In a nationally representative sample 
of veterans, the lifetime prevalence of PTSD was 
signifcantly higher for Black (11%) and Native 
American veterans (24%), compared with the 
prevalence for White veterans (6%).9 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.10 

Younger age is associated with higher prevalence 
of PTSD9 and with alcohol misuse.10,16 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.10 During a 12-month 
period, more than 20% of junior enlisted service 
members experienced serious consequences from 
alcohol use, including military punishment and 
arrest.19 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.9 Terefore, 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 
Te military as a whole and each of the military 
branches have their own distinct cultures, which may 
infuence 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.19 Te drinking behavior 
of service members and veterans may be infuenced 
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.20 

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.21,22 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.22 Childhood stressors 
also have been associated with high-risk drinking in 
military recruits,23 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 specifc traumas.24 In cross-sectional25 

and longitudinal studies,6 exposure to combat, 
specifcally, has been associated with psychological 
distress and hazardous drinking. Military sexual 
assault is also associated with higher PTSD risk 
than other forms of military and civilian trauma.26 

According to VA data, about 22% of women and 1% 
of men report experiencing military sexual trauma, 
which, in part, may explain the gender diferences in 
the prevalence of PTSD described earlier.27 

In addition, deployment may expose service 
members to interpersonal stressors (e.g., separation 
from social supports and working in close proximity 
with other service members), mission-related 
hardship, and prolonged exposure to perceived 
threats.25 Among demobilizing soldiers, 15% 

reported at least one alcohol-related consequence, 
and the soldiers’ levels of perceived stress predicted 
these consequences,28 illustrating possible 
relationships between deployment-related stressors 
and alcohol misuse. 

Interventions for Prevention of 
PTSD and AUD 
To our knowledge, no study has examined 
strategies that aim to prevent the development of 
comorbid PTSD and AUD in military and veteran 
populations. However, some research has examined 
the prevention of PTSD or AUD separately in this 
population, which could inform the prevention of 
comorbid PTSD and AUD. 

Universal prevention strategies 
Universal prevention strategies target all members of 
a population to prevent the onset of a condition.29 

According to the VA/DOD Clinical Practice Guideline 
for the Management of Posttraumatic Stress Disorder 
and Acute Stress Disorder,30 no universal prevention 
strategies for PTSD are currently recommended. 
Indeed, we know of no research that has tested 
primary prevention eforts targeting PTSD, AUD, or 
the comorbid conditions in any population. 

Selective prevention strategies 
Selective prevention strategies target members of a 
population at high risk for developing a condition.29 

Selective prevention strategies for PTSD involving 
the use of psychotherapy or pharmacotherapy 
in the early aftermath of trauma exposure have 
received some empirical attention, with mixed 
results.31 In general, psychological debriefng 
interventions have failed to demonstrate benefcial 
efects in civilian or military samples,31,32 and in 
some cases these interventions have been associated 
with increased PTSD symptom severity.33,34 In a 
review of pharmacological selective interventions 
for PTSD, researchers reported some evidence that 
hydrocortisone may be efective.35 Overall, the 
VA/DOD practice guideline for PTSD indicates 
there is insufcient evidence to recommend 
psychotherapy or pharmacotherapy for selective 
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https://effective.35
https://results.31
https://condition.29
https://condition.29
https://threats.25
https://earlier.27
https://trauma.26
https://traumas.24
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https://relief.19
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prevention.30 We found no research that has tested 
selective prevention eforts targeting AUD or 
comorbid PTSD and AUD in trauma-exposed 
military populations. 

Indicated prevention strategies 
Indicated prevention strategies aim to prevent 
disorder onset or chronic expression among people 
already exhibiting symptoms.29 Meta-analytic 
results indicate that trauma-focused psychotherapies 
involving exposure and/or cognitive restructuring 
may prevent PTSD among individuals who 
have acute stress disorder.31 However, results 
are insufcient and mixed regarding the use of 
pharmacotherapy for the indicated prevention of 
PTSD.30,36 For individuals who screen positive 
for risky alcohol use, providing a single, initial 
brief intervention about alcohol-related risks and 
a recommendation to abstain from or moderate 
drinking may reduce alcohol misuse.37,38 

Treatment Interventions for 
PTSD and AUD 
Evidence indicates that concurrent treatment of 
PTSD and AUD can be safe and efective.30,39 

Before reporting on concurrent treatment 
approaches, we describe evidence-based treatments 
targeting either PTSD or AUD. We also discuss the 
efcacy of these treatments for military and veteran 
populations. 

Treatments for AUD 
Te VA/DOD Clinical Practice Guideline for the 
Management of Substance Use Disorders recommends 
using psychotherapy and pharmacotherapy 
treatments for AUD.38 Recommended 
psychotherapies include cognitive behavioral 
therapy, behavioral couples therapy, community 
reinforcement, motivational enhancement 
therapy, and 12-step facilitation. Recommended 
pharmacotherapies include acamprosate, disulfram, 
naltrexone, and topiramate. Treatment availability 
and patient preferences are considerations when 
selecting a treatment. 

Treatments for PTSD 
Te VA/DOD practice guidelines for treating 
PTSD recommend using individual, trauma-
focused psychotherapy.30 Pharmacotherapy 
(i.e., sertraline, paroxetine, fuoxetine, and 
venlafaxine) and individual psychotherapy that 
is not trauma-focused are recommended only if 
trauma-focused psychotherapy is not available 
or if a patient has a preference. Recommended 
psychotherapies include prolonged exposure 
therapy, cognitive processing therapy, and eye 
movement desensitization and reprocessing. In a 
recent systematic review of randomized controlled 
trials, researchers examined the efectiveness 
of psychotherapy among individuals who had 
military-related PTSD.40 Te researchers reported 
that cognitive processing and prolonged exposure 
therapies produced large within-group efect 
sizes, and patients achieved meaningful symptom 
change, although dropout rates were a problem. 

Concurrent treatments 
Veterans with comorbid PTSD and SUD report 
a preference for integrated treatments that address 
both conditions simultaneously, and several 
protocols have been developed to accomplish 
this.15 We found no randomized controlled trials 
of concurrent treatments for PTSD and AUD 
conducted in military and veteran populations, 
but several case studies and small, open or 
uncontrolled trials provide some preliminary 
information regarding concurrent treatment in 
these populations. 

Psychotherapy 
“Seeking safety,” a cognitive behavioral 
psychotherapy, targets co-occurring PTSD and 
SUD but is not trauma-focused. Trials of this 
intervention have had small sample sizes, but 
the participants, including service members and 
male veterans, have demonstrated reductions in 
PTSD symptoms and alcohol misuse.41,42 One 
test of this treatment was conducted with female 
veterans who were homeless.43 Te participants 
were not randomly assigned to study conditions, 
which makes it difcult to determine whether 
the results were attributable to participant 
characteristics or treatment efect. When compared 

https://homeless.43
https://psychotherapy.30
https://disorder.31
https://symptoms.29
https://prevention.30


     
       

      
     

      
       

      
       

        
       

    
 
        

      
    

      
      

      
       

      
         

      
       

    
      

    
       

   
      

     
    

      
      
        

      
 

        
    

   

 
     

        
     

      
     

         
       

       
       

      
        

 
       

      
      

      
      

       
       

        
     

   

      
        

       
       

    
       

     
        

      
       

     
       

         
        

 
       

       
     

      
     

      
     

       
       

        
       

        
    

     
      

       
      

         
 

 

with women in the treatment-as-usual condition, 
women who received the treatment had a greater 
reduction in PTSD symptoms, but there were 
no group diferences in alcohol use. However, a 
randomized controlled trial indicated no added 
beneft of this treatment among male veterans with 
comorbid PTSD and AUD.44 Given that few tests 
of this treatment have used randomized controlled 
trials, and fndings from other types of studies are 
mixed, the seeking safety method is not currently 
recommended for treatment of comorbid PTSD 
and AUD.1,30 

In one case study of an OEF/OIF veteran, 
researchers examined the efectiveness of concurrent 
treatment of PTSD and SUD using prolonged 
exposure (COPE) therapy.45 COPE involves 12, 
90-minute sessions that integrate relapse prevention 
with prolonged exposure therapy. Te veteran who 
received the therapy reported reduced alcohol use 
throughout treatment, scored in the nonclinical 
range for PTSD at the end of treatment, and 
maintained treatment gains at a 3-month follow-up. 

Cognitive processing therapy has begun to be 
examined as a potential treatment for co-occurring 
PTSD and AUD. Tis therapy is a 12-session, 
predominantly cognitive, intervention developed 
for treatment of PTSD. In a case study, a veteran 
diagnosed with both PTSD and AUD received 
cognitive processing therapy that was enhanced to 
address alcohol use.46 Te veteran demonstrated 
clinically signifcant improvements in PTSD 
symptoms and alcohol-related problems at the end 
of treatment and maintained the improvements 
12 weeks after treatment. In addition, a review of VA 
medical records of individuals who received cognitive 
processing therapy showed no diferences for veterans 
with or without AUD diagnoses in the likelihood of 
dropping out of treatment, self-reported depression 
symptoms, or clinician-rated PTSD symptom 
severity.47 

Interventions for couples show promise for treating 
co-occurring PTSD and AUD. Couple treatment 
for AUD and PTSD (CTAP) is a 15-session manual-
guided (also known as “manualized”) therapy that 
integrates behavioral couples therapy for AUD with 
cognitive behavioral conjoint therapy for PTSD.48 

In an uncontrolled trial, 13 male veterans and their 
female partners enrolled, and 9 couples completed 
the CTAP program. Eight of the veterans showed 
clinically reliable reductions in PTSD outcomes after 

treatment. Most of the veterans showed clinically 
reliable reductions in their percentage of days of 
heavy drinking. 

A couples therapy called “project VALOR,” which 
stands for “veterans and loved ones readjusting,” 
involves 25 sessions of cognitive behavioral therapy 
for PTSD and alcohol misuse, enhanced for 
signifcant others. Two OEF/OIF veterans received 
VALOR therapy in two separate case studies.49 Tese 
veterans greatly reduced their alcohol use at the 
start of treatment or shortly before beginning the 
treatment, and their PTSD symptoms substantially 
decreased over the course of treatment. 

Pharmacotherapy 
Overall, research on the use of pharmacotherapies 
for comorbid PTSD and AUD in military and 
veteran populations is insufcient, and the results are 
mixed.30 For example, in a randomized controlled 
trial of 30 veterans with comorbid PTSD and 
AUD, treatment with topiramate, when compared 
with placebo, was not efective at reducing PTSD 
symptoms, but the treatment was associated with 
reduced drinking days.50 Also, results from this study 
indicated that topiramate, when compared with 
placebo, had a trend-level efect for a reduction in 
hyperarousal symptoms. 

In a double-blind, randomized controlled pilot 
trial of 9 veterans and 21 civilians, all with comorbid 
PTSD and AUD, prazosin (which is often used 
to treat PTSD-related sleep disturbances) did not 
efectively improve PTSD symptoms.51 However, 
it did reduce the percentage of drinking days. In 
another double-blind, randomized clinical trial, 
96 veterans with comorbid PTSD and AUD received 
either prazosin or placebo.52 In this study, prazosin 
was not efective in treating PTSD symptoms or 
reducing alcohol consumption. Overall, prazosin 
was not efective in treating PTSD symptoms, and 
its efectiveness regarding alcohol use is unclear. It is 
possible that alcohol’s efect on sleep interferes with 
prazosin’s benefts.51,52 

In a double-blind, randomized trial, 88 male 
veterans with comorbid PTSD and AUD received 
either paroxetine and naltrexone, paroxetine and a 
placebo, desipramine and naltrexone, or desipramine 
and a placebo.53 Desipramine outperformed 
paroxetine in reducing drinking days, and both 
medications showed some beneft in reducing 
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drinking and core PTSD symptoms, but the 
addition of naltrexone had no efect on outcomes. 

A recent pilot study of N-acetylcysteine among 
veterans with co-occurring PTSD and SUD 
indicated that N-acetylcysteine was associated with 
signifcant reductions in both PTSD symptoms 
and substance craving.54 Veterans in this trial 
received concurrent cognitive behavioral therapy, 
providing initial evidence for the potential beneft of 
N-acetylcysteine as an adjunct to psychotherapy. 

Combined psychotherapy and pharmacotherapy 
A combination of psychotherapy and 
pharmacotherapy may be an efective treatment 
strategy for service members and veterans with 
comorbid PTSD and AUD. In a single-blind, 
randomized clinical trial of civilians and veterans 
with comorbid PTSD and AUD, participants were 
randomly assigned to receive prolonged exposure 
therapy and naltrexone, prolonged exposure and a 
placebo, supportive counseling and naltrexone, or 
supportive counseling and a placebo.55 Participants 
in all conditions reported reductions in drinking 
days and PTSD symptoms, and those who received 
naltrexone had a lower percentage of drinking days 
than those who received a placebo. Tere was no 
statistically signifcant main efect for prolonged 
exposure therapy on PTSD symptoms and no 
observed diferences in the number of dropouts 
across conditions. In the same sample, prolonged 
exposure was more benefcial for those with non– 
combat-related traumas and higher baseline PTSD 
severity.39 Also, naltrexone was most benefcial for 
those with the longest duration of AUD. 

Future Directions for Research 
and Practice 
In research and practice, several notable gaps exist 
in addressing co-occurring PTSD and AUD in 
military and veteran populations. First, although 
military service appears to increase risk for the 
comorbid conditions, more research is needed to 
identify factors that contribute to the increased 
risk for the development of these disorders 
within the specifc military context. In addition, 
military-specifc barriers to accessing care need 
to be identifed. For example, policies that have 

potential career consequences, such as requiring 
that treatment participation be recorded in a service 
member’s military record, may inhibit voluntary 
participation in treatment. Also, there may be 
opportunities for prevention during predeployment 
and postdeployment periods, but research on 
such programs is scarce. More information about 
military-specifc factors and barriers will help guide 
prevention and intervention eforts. 

Second, although treatments for PTSD and SUD 
have been disseminated systemwide within the VA, 
there is a dearth of literature about the efectiveness 
of these treatments for those in this population 
who have both conditions. (See Table 1 for brief 
summaries of treatments that have preliminary 
reports.) Addressing whether cognitive processing 
therapy and prolonged exposure therapy can be used 
for those who have co-occurring PTSD and AUD 
is a high priority, as existing implementation eforts 
could be leveraged to address the needs of those with 
comorbidity. 

Comparative efcacy studies also are lacking. 
Future research should explore which treatments 
work best for whom, and if matching treatment 
to patient characteristics improves outcomes. 
Research on personalized treatment could lead to the 
development of a menu of evidence-based treatments 
from which practitioners and patients could jointly 
tailor a treatment plan for the patient. Tis menu 
of treatments could be based on biomarkers, 
demographics, and other patient characteristics, and 
it could identify promising alternatives if frst-line 
treatments fail. 

Tird, it is unclear whether SUD treatments 
help those who have PTSD. Implementing SUD 
treatments for individuals with co-occurring 
PTSD and AUD could be a way for providers 
to address clinical needs without learning 
another manual-guided treatment. Motivational 
enhancement therapy could be used for this purpose, 
as it has been used successfully to reduce drinking 
among soldiers with untreated AUD, most of whom 
also had severe symptoms of PTSD.56 Tis therapy 
may be useful as an intervention for increasing 
treatment engagement and preventing treatment 
dropout. Motivational enhancement therapy also 
shows promise as a way to increase treatment 
initiation among veterans and military personnel 
who are reluctant to enter treatment or address 
their substance misuse during treatment for PTSD, 

https://severity.39
https://placebo.55
https://craving.54


       
  

        
       

      
       

      
     

     
      

        
        

       
    

     
        

       
     

      
        

      
       

        
        

       
 

    
      

    
       

 

       
 

 
  

   
 

 

 

 

 

 

 

 

Table 1 Review of Literature on Treatments for Co-Occurring PTSD and AUD in U.S. Military and Veteran Populations 

Treatment Research Findings 

Pharmacotherapies 

Desipramine Reduced drinking and PTSD symptoms in randomized controlled trials.53 

N-acetylcysteine Observed PTSD symptom reductions in pilot study, as adjunct to psychotherapy.54 

Paroxetine Reduced drinking and PTSD symptoms in randomized controlled trials.53 

Prazosin Reduced drinking but not PTSD symptoms in pilot randomized controlled trial.51 

No effects in large randomized controlled trial.52 

Topiramate Reduced drinking but not PTSD symptoms in randomized controlled trial.50 

Psychotherapies 

Cognitive Processing Therapy Enhanced for Alcohol Use Reported symptom reductions in case study.46 

Concurrent Treatment of PTSD and Substance Use 
Disorders Using Prolonged Exposure (COPE) 

Reported symptom reductions in case study.47 

Couple Treatment for AUD and PTSD (CTAP) Observed symptom reductions in uncontrolled trial.48 

Project Veterans and Loved Ones Readjusting (VALOR) Observed symptom reductions in case studies.49 

Seeking Safety Observed symptom reductions in small trials41,42 and pre-post trial.43 

No added benefit in randomized controlled trial.44 

particularly if they perceive that substance use eases 
their PTSD symptoms. 

Finally, more clinical trials are needed on the 
treatment and prevention of comorbid PTSD and 
AUD within military and veteran populations.57 

Several barriers interfere with the progress of this 
literature, including the exclusion of people with 
dual diagnoses, and difculties recruiting and 
retaining participants.50 Dropout rates for trials 
testing combined PTSD and AUD treatments tend 
to be higher than dropout rates for treatment of 
either disorder alone. Research on the factors leading 
to participant dropout and on ways of increasing 
treatment engagement and retention is critical. 

Conclusion 
Military and veteran populations have a critical need 
for interventions that aim to reduce the burden 
of co-occurring PTSD and AUD. Treating these 
conditions simultaneously has been challenging and 
complex in the general population, and military 
service adds additional risk factors for the likelihood 

of their onset and maintenance. Although promising 
interventions exist, more research is needed to 
assess the degree to which current interventions are 
efective for service members and veterans. Also, new 
interventions that target this population should be 
developed and tested. 
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Early Life Stress as a 
Predictor of Co-Occurring 
Alcohol Use Disorder and 
Post-Traumatic Stress 
Disorder 

Richard S. Lee, Lynn M. Oswald, and Gary S.Wand 

During the critical developmental periods of childhood when neural 
plasticity is high, exposure to early life stress (ELS) or trauma may lead 
to enduring changes in physiological stress systems and enhanced 
vulnerability for psychopathological conditions such as post-traumatic 
stress disorder (PTSD) and alcohol use disorder (AUD) in adulthood. 
Clinical and preclinical studies have sought to understand the possible 
mechanisms linking ELS, PTSD, and AUD. Preclinical studies have employed 
animal models of stress to recapitulate PTSD-like behavioral defcits 
and alcohol dependence, providing a basic framework for identifying 
common physiological mechanisms that may underlie these disorders. 
Clinical studies have documented ELS-related endocrine dysregulation 
and genetic variations associated with PTSD and AUD, as well as 
disruption in crucial neural circuitry throughout the corticomesolimbic 
region. Despite limitations and challenges, both types of studies have 
implicated three interrelated mechanisms: hypothalamic pituitary 
adrenal (HPA) axis and glucocorticoid signaling dysregulation, genetics, 
and epigenetics. ELS exposure leads to disruption of HPA axis function 
and glucocorticoid signaling, both of which affect homeostatic cortisol 
levels. However, individual response to ELS depends on genetic variations 
at specifc genes that moderate HPA axis and brain function, thus 
infuencing susceptibility or resilience to psychopathologies. Epigenetic-
infuenced pathways also are emerging as a powerful force in helping 
to create the PTSD and AUD phenotypes. Dysregulation of the HPA axis 
has an epigenetic effect on genes that regulate the HPA axis itself, 
as well as on brain-specifc processes such as neurodevelopment 
and neurotransmitter regulation. These studies are only beginning 
to elucidate the underpinnings of ELS, PTSD, and AUD. Larger human 
cohorts, identifcation of additional genetic determinants, and better 
animal models capable of recapitulating the symptoms of PTSD and 
AUD are needed. 

KEY WORDS: addiction; alcohol use disorder; animal models; 
genotype; post-traumatic stress disorder; psychological stress 
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Overview 
Although various forms of stress experienced 
during adulthood can be antecedents for the onset 
of alcohol use disorder (AUD) and post-traumatic 
stress disorder (PTSD), stressful events sufered 
during childhood may produce mechanistically 
distinct changes in the developing nervous system 
that increase lifelong risks for the co-occurrence 
of both disorders.1 Early life stress (ELS) has 
been characterized as any form of severe trauma 
experienced before age 18 that could lead to 
pathological consequences in adulthood.2 Te 
trauma may have resulted from maltreatment, such 
as sexual, physical, or emotional abuse; or stressful 
life events, such as loss of a parent, economic 
adversity, or family violence. 

Unfortunately, childhood maltreatment is all too 
common. In 2014, child protective service agencies 
received an estimated 3.6 million referrals involving 
approximately 6.6 million children.3 Roughly, 
702,000 of these referrals, 9.4 out of 1,000 children 
nationally, were considered victims of maltreatment 
(abuse or neglect). Percentages were similar for boys 
(48.9%) and girls (50.7%). However, for children 
younger than age 6, percentages for boys were 
consistently larger than they were for girls, whereas 
for older age groups, percentages for girls were larger 
than they were for boys. Although these numbers 
are appalling, they likely represent only the tip of 
the iceberg, as they do not include cases that go 
unreported or unverifed and do not include other 
forms of ELS. 

Tere has been growing awareness that the 
consequences of ELS extend beyond immediate 
efects, such as fear, injury, or isolation, to include 
lifelong ramifcations on risks for an array of 
physical (e.g., cardiovascular disease, cancer, 
diabetes, fractures, and autoimmune disorders) 
and mental health (e.g., depression, anxiety, 
PTSD, and substance use disorder) problems, 
as well as on symptom severity and response to 
treatment. Te idea that such efects could be a 
result of ELS-induced, long-term alterations in 
the central nervous system and other biological 
systems was initially met with some resistance 
in the scientifc community.4 However, a robust 
body of evidence now supports the validity of such 
hypotheses. Findings from a growing number of 

studies, beginning with the landmark Adverse 
Childhood Experiences study, suggest that there is a 
“dose-response” relationship between ELS and adult 
pathology, such that greater trauma is associated with 
greater risks for negative sequelae.5 Moreover, studies 
of ELS report signifcant gender-specifc prevalence, 
not only in the types and durations of trauma 
exposure, but also in rates of psychiatric outcomes 
such as depression, dissociation, and PTSD.6 Studies 
also report physiological consequences, such as 
reduced hippocampal volume.7 In general, fndings 
of clinical studies suggest that ELS-induced sequelae 
are more severe in females than in males, and 
preclinical studies support this notion.8 

ELS increases the risk for a variety of adulthood 
psychiatric and metabolic disorders, but it has a 
particularly powerful infuence on the emergence of 
AUD and PTSD. Not only are individuals who lived 
through signifcant ELS at high risk for developing 
AUD, but they also have increased risk of a more 
severe form of the disorder characterized by early age 
of onset.9 Te increased risk for AUD associated with 
early childhood maltreatment remains sustained into 
middle life,10 implicating long-term changes in key 
neural circuitry regulating the stress response and the 
reward systems. Studies have also shown that the risk 
for developing AUD in adulthood correlates with the 
number of adverse childhood experiences endured.11 

Tis dose-dependent efect (severity and frequency) 
of stress can result from an acute and toxic 
exposure but is often the consequence of chronic 
maltreatment.12 Typically, these individuals have 
been exposed to multiple and varied types of abuse.13 

Although all forms of signifcant trauma and abuse 
(physical, sexual, and emotional) during childhood 
can precede the development of AUD, sexual abuse 
appears to be one of the more potent risk factors.14 

Te ffth edition of the Diagnostic and Statistical 
Manual of Mental Disorders reclassifed PTSD as 
a trauma-related disorder rather than an anxiety 
disorder. Tis new grouping recognizes that the 
array of symptoms associated with PTSD emerges 
only after exposure to a signifcant traumatic event. 
In addition to increasing the risk for AUD, the 
types of trauma falling under the defnition of ELS 
can increase vulnerability for the development of 
PTSD.15 Terefore, it is not surprising that a number 
of studies have found high co-occurrence of AUD 
and PTSD.16,17 A review by Shorter and colleagues 
identifed that alcohol is the most commonly 
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misused drug among individuals with PTSD.18 

Other researchers have noted that the severity and 
number of childhood abusive episodes are associated 
with the prevalence of AUD and the gravity of 
PTSD symptoms, once again indicating a dose efect 
of stress.19 A large epidemiological study showed 
that the risk of AUD was increased in women with 
a history of ELS, when compared with women who 
had no such history, but a history of trauma resulting 
in PTSD increased the risk for AUD almost twofold, 
indicating an additive efect on risk.20 It is assumed 
that PTSD precedes the development of AUD in 
most individuals with comorbid disorders.15 Tis 
hypothesis makes sense, given that many of the 
symptoms of PTSD (e.g., hypervigilance, insomnia, 
fashbacks, and lability of mood) are mitigated by the 
sedative efects of alcohol. 

In this review, we examine some of the relevant 
preclinical models that address the efect of ELS 
on PTSD-like behavioral defcits and on alcohol 
consumption. We then integrate existing fndings 
from preclinical and clinical literature to ofer several 
potential mechanisms that may play a central role 
in the transition from ELS to later development 
of PTSD and AUD. Tese emerging fndings 
provide evidence that genetic variation, epigenetic 
modulation of certain “stress” genes, and sustained 
alterations in hypothalamic pituitary adrenal (HPA) 
axis dynamics contribute to risks for PTSD and 
AUD in people who have a history of ELS. 

Preclinical Models 
Preclinical animal models have been indispensable in 
terms of providing access to brain tissues and circuits, 
minimizing confounding factors, and enabling the 
examination of behavioral phenotypes associated 
with ELS, PTSD, and AUD. In particular, to 
identify molecular substrates that directly contribute 
to disease symptoms, researchers can examine the 
brain in close detail for candidate genes and for 
epigenetic and other mechanisms within specialized 
neural circuits. However, animal models may lack 
validity for modeling the human condition. 

A vast number of studies have examined animal 
facsimiles of human stress or alcohol administration, 
but the types of stressors, trauma, and alcohol 
exposure difer (see Gilpin and Weiner for a 
review).15 Te ideal model would be a paradigm 

of ELS that can manifest symptoms consistent 
with human PTSD, and the animals engage in 
increased alcohol consumption. However, creating 
models in which alcohol-naïve animals increase 
consumption following acute or chronic stress 
exposure is challenging. Researchers have been 
more successful using models in which animals 
resume alcohol consumption following a period of 
alcohol dependence, brief abstinence, and then stress 
exposure. Also, most researchers have used stress 
paradigms in adult rodents rather than in pups. 

Currently, few promising paradigms exist. 
Because of the onus of documenting the relevant 
behavioral, biochemical, and neuroendocrine factors 
associated with ELS, PTSD, and AUD, no single 
study has successfully identifed all facets of the 
interrelationships and causality among the three 
conditions. Instead, investigators have used animal 
models to examine diferent features of the three 
phenotypes. For example, in two studies of adult 
animals, exposure to predatory odors produced 
highly stress-reactive rats that increased their alcohol 
consumption.21,22 In another study, experiments 
using mice showed that a repetitive forced swim test 
coupled with chronic, intermittent, alcohol vapor 
exposure escalated alcohol consumption.23 

Social isolation studies imposed on adolescent 
rats are very relevant to a link between ELS and 
AUD. Socially isolated adolescent rats have 
exhibited a wide range of behavioral changes, such as 
anxietylike behavior,24 sensory gating impairment,25 

hyperactivity in a novel environment,26 and defcits 
in fear extinction,27 all of which are component 
behaviors associated with PTSD. Tese behavioral 
impairments can persist from adolescence into 
adulthood, as was demonstrated in a study in 
which rats that were socially isolated as adolescents 
increased their alcohol intake as adults, when 
compared with group-housed counterparts.27 In 
other studies, alcohol intake,28 alcohol preference,29 

and PTSD-associated symptoms30,31 such as anxiety, 
sensory impairments, and fear extinction defcits 
were observed in socially isolated adolescent mice. 

Only a few studies have focused on an earlier 
developmental period. One study induced stress 
in rats through maternal separation and then 
examined alcohol intake during adolescence.32 

In this study, adolescent alcohol intake was 
exacerbated by additional stress exposure. However, 
it is unclear whether these maternally separated 
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animals developed other PTSD-related behavioral 
defcits, such as those exhibited by rats in the social 
isolation studies. 

A common theme that emerges from these animal 
stress models is that exposure to stress, especially 
during early development, leads to a number of 
anxiety- and PTSD-like behavioral defcits that 
persist for some time throughout development. 
Further, in some of the studies, the animals either 
escalated or resumed alcohol intake, serving as 
promising models for examining the physiological 
processes and other underlying mechanisms that link 
stress exposure to alcohol consumption. 

Potential Mechanisms 
Te disruption of substantially overlapping circuitries 
is central to preclinical and clinical research on 
the mechanisms through which ELS contributes 
to PTSD and AUD. In this section, we examine 
HPA axis and glucocorticoid signaling, genetic 
variations, and epigenetic mechanisms. Tese 
interrelated mechanisms may underlie the comorbid 
symptomatology that characterizes PTSD and 
AUD. Although it is possible that the relationships 
among ELS, PTSD, and AUD can be mediated 
by glucocorticoid-independent mechanisms, 
we consider the mechanisms in the context of 
glucocorticoid signaling. 

The HPA axis and glucocorticoid signaling 
Te HPA axis is the key neuroendocrine 
component of the stress response. Release 
of corticotropin-releasing hormone (CRH) 
and adrenocorticotropic hormone (ACTH) 
neuropeptides from the hypothalamus and the 
pituitary, respectively, culminates in the release of the 
stress hormone cortisol (or corticosterone in rodents) 
from the adrenal cortex. Cortisol is a glucocorticoid 
that, in addition to its primary role in the release of 
stored glucose during the fght-or-fight response, 
targets a number of cellular processes by binding to 
the glucocorticoid receptor encoded by the nuclear 
receptor subfamily 3 group C member 1 gene, 
NR3C1. Negative feedback mechanisms in brain 
regions such as the hippocampus and the prefrontal 
cortex (PFC), and positive feedback mechanisms 
in the amygdala, dampen or amplify the HPA axis, 

respectively. Tere has been substantial focus on 
the HPA axis and glucocorticoid signaling, because 
normal function is dysregulated in individuals 
exposed to ELS and in those with AUD and 
PTSD.33 Glucocorticoids have also attracted 
attention in the pathophysiology of ELS, PTSD, and 
AUD, because glucocorticoid signaling is involved in 
some forms of learning consolidation and memory 
formation, as well as in emotion regulation and 
reward reinforcement. 

Te consequences of glucocorticoid signaling 
follow an inverted U-shaped function in which 
extremely high and extremely low levels can be 
detrimental.34 Both extremes are observed in 
people who have experienced ELS and in those 
with PTSD and AUD. Te high concentrations 
of glucocorticoids achieved during the early phase 
of ELS lead to profound and durable changes 
in HPA axis function and in hypothalamic and 
extrahypothalamic CRH expression. For example, 
in studies that used maternal deprivation models in 
which rats were separated from their mothers for 
up to 24 hours, or macaques were raised without 
their mothers after age 6 months, the animals 
showed increased concentrations of the stress 
peptide CRH that persisted into adulthood within 
the mesolimbic system (e.g., in the amygdala) and 
cerebrospinal fuid.35-37 Tese allostatic modifcations 
were associated with marked increases in anxietylike 
behavior. Given that amygdala CRH neurons are 
known targets of glucocorticoid signaling, it is not 
surprising that altered NR3C1 gene expression has 
been observed in this region. 

Findings of several studies now indicate that 
ELS-related behavioral changes in rodents can 
be prevented or normalized with glucocorticoid 
receptor or CRH type 1 receptor antagonists.38-40 

A glucocorticoid receptor antagonist has also been 
shown to decrease amygdala activation in rats 
undergoing a forced swim test, a result consistent 
with inhibition of central stress activation.41 In 
addition, elevated CRH in cerebrospinal fuid has 
been observed in people who have experienced ELS. 
For participants in one study, CRH levels were 
correlated with scores on the Childhood Trauma 
Questionnaire, particularly with emotional neglect.42 

Dysregulation of cortisol levels is often associated 
with ELS. However, whether ELS exposure leads 
to high or low cortisol levels remains inconclusive. 
Low levels may occur more frequently in individuals 

https://neglect.42
https://activation.41
https://detrimental.34


 

        
     

 
     
     

    
       

    
     

      
     

       
      

       
     

        
      

       
     

   
        

      
    

       
     

     
     

      
       

        
    

        
      

         
    

       
    

      
       

      
  

        
     

       
       

    
      
       

     
      

    
      

 
       
        

     
 

      
     

         
     
      

      
    

        
       

    
     

       
       

        
      

  

       
      

        
       

          
       
      

       
       
     

      
        

         
    

      
       

      
     
     

        
       

    
         

       

who experienced ELS episodes more often or with 
more severity. However, enhanced sensitivity to 
glucocorticoid negative feedback and blunted cortisol 
responses to acute stress have been reported.43 

Similar to what has been demonstrated in 
rodent models, human behavioral manifestations 
of ELS often mimic mood and anxiety states, 
including hyperresponsiveness of limbic regions, 
hyporesponsiveness of prefrontal regions that 
regulate limbic responses, and decreased engagement 
of striatal regions involved in reward processing. 
Both the amygdala and medial PFC (mPFC) are 
particularly afected by ELS. Most neuroimaging 
studies of people who have experienced ELS show an 
increased amygdala volume and hyperresponsivity, 
both of which have been associated with increased 
trait anxiety and diminished reward sensitivity.44 

Other research has demonstrated that adults who 
experienced ELS have reduced mPFC volume45 and 
reduced mPFC activation during cognitive tasks.46 

PTSD and AUD are also associated with persistent 
alterations in HPA axis dynamics. Te HPA axis 
dysfunction observed in individuals with PTSD is 
characterized by a state of low basal glucocorticoid 
levels and increased sensitivity to glucocorticoids.47 

Tis pattern mirrors fndings observed in those 
who have experienced multiple episodes of 
ELS.48 Tese modifcations in stress pathways 
may be mechanistically related to the symptoms 
of PTSD. However, in a recent clinical trial, the 
glucocorticoid receptor antagonist mifepristone 
was not demonstrated to be an efective treatment 
for Gulf War veterans.49 Te treatment consisted 
of a 6-week phase both before and after a 1-month 
washout period. Te researchers determined 
that the mifepristone treatment did not afect 
neurocognitive functioning or self-reported physical 
health, depression, PTSD symptoms, or fatigue. 
Terefore, it remains uncertain whether alterations in 
glucocorticoid signaling are fundamentally related to 
the PTSD phenotype. 

HPA axis dynamics in AUD are modifed as 
a function of alcohol consumption, withdrawal, 
and abstinence. In individuals who have AUD, 
glucocorticoid levels are high during episodes of 
drinking and acute withdrawal from alcohol.33 

During prolonged periods of abstinence from 
alcohol, glucocorticoid levels may be low in 
the unstressed state and following stressful 
stimulation.50,51 In contrast, individuals with a 

history of ELS or PTSD exhibit low glucocorticoid 
levels and enhanced sensitivity to glucocorticoid 
negative feedback.52 

Te magnitude of alcohol activation of dopamine 
reward circuitry is considered an early mechanism for 
accelerating alcohol consumption. However, in more 
severe forms of AUD, the emergence of stress peptide 
expression may become the dominant mechanism 
for provoking alcohol cravings and alcohol-seeking 
behavior. In rodent models of AUD, there is an 
allostatic shift in CRH expression in the central 
amygdala. Te advent of increased CRH expression 
is associated with anxietylike behavior, which has 
been called the “dark side” of AUD pathogenesis.53 

A similar mechanism is at work in people with 
AUD, causing dysphoria and craving rather than 
dopamine-induced pleasure and reward. Alcohol’s 
modulation of the HPA axis coupled with its 
sedative properties are possibly causally related to 
and compensatory for both ELS-related trauma and 
PTSD. Although this theory may be premature, it is 
supported by the candidate gene studies discussed in 
the next section. 

Genetic variations 
In addition to dysregulated HPA axis function and 
glucocorticoid signaling, genetics are a mechanism 
that could link ELS to PTSD and AUD. Specifcally, 
DNA sequence variations are believed to contribute 
to an individual’s response to ELS and serve as risk 
or resilience factors for the development of PTSD 
or AUD symptoms. At the molecular level, these 
variations alter protein activity through changes in 
the encoded peptide sequence. Te variations can 
also afect gene expression levels by altering gene 
activation mediated by transcription factor binding. 
In general, variations relevant to ELS, PTSD, or 
AUD are found in genes with encoded proteins that 
regulate glucocorticoid signaling, neurotransmitter 
regulation, or alcohol metabolism. It is believed 
that disease is precipitated by alterations in protein 
function or gene activation, which are moderated 
by these genetic variations. Glucocorticoid-related 
and epigenetic mechanisms associated with trauma 
exposure can also result in changes in gene function. 

Genetic risk factors are innate and inherited. 
Transgenerational inheritance of epigenetic 
modifcations related to ELS, PTSD, or AUD is an 
active area of research. Te heritability for PTSD 
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following exposure to trauma ranges from 24% to 
72%, and the heritability percentage for women 
is larger than the percentage for men.54 A 2002 
meta-analysis of 50 family, twin, and adoption 
studies indicated an upper limit of 30% to 36% for 
AUD heritability.55 A more recent meta-analysis that 
examined twin and adoption studies showed the 
heritability of AUD to be an estimated 50%, with 
a modest proportion (10%) attributed to shared 
environmental factors.56 

Genetic research examining the molecular 
underpinnings of PTSD and AUD includes both 
hypothesis-driven, candidate gene association studies 
and unbiased, genome-wide approaches. Researchers 
have used both of these methods to identify 
variations at specifc genomic loci associated with 
PTSD or AUD. 

Candidate gene association studies 
In candidate gene association studies, genes related 
to neurotransmitter regulation, alcohol metabolism, 
and the stress response (HPA axis) have been 
examined. Small candidate gene association studies 
of trauma survivors with and without PTSD 
have implicated the tandem repeat sequence of 
the dopamine transporter gene, SLC6A3,57 and a 
functional insertion/deletion within the serotonin 
transporter gene, SLC6A4.58 In addition, a single 
nucleotide polymorphism (SNP) within the putative 
estrogen receptor binding site in the stress response 
gene encoding the pituitary adenylate cyclase 
activating polypeptide (ADCYAP1) has been shown 
to be associated with PTSD diagnosis and symptoms 
in women.59 In other studies, although statistically 
signifcant associations with PTSD were lacking, 
SNPs associated with NR3C160 and FK506 binding 
protein 5 (FKBP5 )61 have been shown to interact 
with trauma exposure to predict the severity of 
PTSD symptoms. 

Several notable AUD studies have examined 
catechol-O-methyltransferase (COMT),62 

gamma-aminobutyric acid type A receptor 
alpha2 subunit (GABRA2),63 cholinergic receptor 
muscarinic 2 (CHRM2),64 and several genes 
involved in alcohol metabolism.65 Other studies 
have attempted to assess whether candidate SNPs 
can moderate the efect of stress or trauma exposure 
on AUD. Blomeyer and colleagues found that 
an interaction between an intronic SNP in the 
corticotropin releasing hormone receptor 1 (CRHR1) 

gene and stressful life events predicted heavy 
alcohol use.66 Another study of the interaction 
between CRHR1 SNPs and adult traumatic 
stress exposure showed a signifcant efect on the 
likelihood of developing AUD.67 Similarly, in 
other research, women who experienced childhood 
sexual abuse and who carried the low-activity allele 
of the monoamine oxidase A (MAOA) gene had 
signifcantly higher rates of AUD, when compared 
to control subjects.68 

Some researchers have employed gene knock-in 
or knockout strategies in mice to assess the 
functional consequences of genetic variations 
identifed in humans. A mouse knock-in study 
of the Val68Met SNP in the human brain 
derived neurotrophic factor (BDNF ) gene, 
which is regulated by glucocorticoids, showed 
that introduction of the Met68BDNF allele 
dramatically increased alcohol consumption.69 In 
a functional study of the FKBP5 gene, researchers 
examined the efect of SNPs that are signifcantly 
associated with severity of alcohol withdrawal 
symptoms by knocking out the gene in mice.70 

In an analysis of human subjects, researchers 
determined that one of the same SNPs infuenced 
allele-specifc epigenetic modifcations following 
exposure to ELS.71 A study of healthy individuals 
showed that several of these SNPs were associated 
with diferential cortisol responses to stress, strongly 
supporting their role in glucocorticoid signaling 
and HPA axis function.72 Together, these studies 
demonstrate that genetic variations that potentially 
afect gene function can moderate the efect of 
stress or trauma on AUD. 

Genome-wide association studies 
Over the past 10 years, genome-wide association 
studies with large cohort sizes have gained traction 
because they can provide statistical power and an 
unbiased approach to uncovering novel genomic 
loci associated with a disease. However, in a 2017 
genome-wide association study (N = 20,070), the 
Psychiatric Genomics Consortium for PTSD found 
no transethnic SNPs of genome-wide signifcance, 
although the researchers did fnd genetic overlap 
with schizophrenia.54 In fact, several studies have 
shown that psychiatric disorders and PTSD 
share genetic risk. Another recent genome-wide 
association study uncovered several loci associated 
with alcohol consumption, including several genes 

https://schizophrenia.54
https://function.72
https://consumption.69
https://subjects.68
https://metabolism.65
https://women.59
https://SLC6A4.58
https://factors.56
https://heritability.55


 

      
       

     
 

      
         

      
        

    
      

      
       

        
     

      
       

    
      
 

     
    

     
      
       

       
      

     
    

        
     
      

     
       

     
       
       

      
      

 
      

      
      

      
       

       
        

        
        

       
      

     
        

       
       

      
      

       
   

 
    

       
        

     
       

      
       

       
        

      
    

      
        

       
   

     
      

     
  
       

      
       

     
       

      
        

      
     

         
         
        
      

     
        
     

       
    

associated with alcohol metabolism.73 In addition, a 
2017 analysis that used a polygenic score approach 
reported that AUD shared genetic susceptibility 
with depression.74 

Currently, there are no genome-wide association 
studies of genetic variants that interact with ELS to 
precipitate PTSD and AUD. However, both genetic 
and genome-wide studies of PTSD and AUD have 
identifed loci associated with neurotransmitter 
regulation, alcohol metabolism, and the HPA axis. 
Further, studies that examined genomic loci across 
diferent disorders found evidence for overlap of 
genetic risk factors for PTSD, AUD, and other 
psychiatric disorders. Tis genetic overlap becomes 
especially relevant in understanding the epigenetic 
mechanisms associated with PTSD and AUD and 
helps us understand ELS-induced comorbidities 
in the larger context of psychiatric and substance 
use disorders. 

Epigenetic mechanisms 
In general, epigenetics refers to DNA, 
DNA-associated histone protein, or noncoding 
RNA modifcations that can coordinate sustained 
gene regulation without changing the underlying 
DNA sequence. Te detrimental efect of ELS 
on the human brain cannot be fully captured by 
the permanent information encoded by DNA. 
Physiological consequences of ELS may be 
mediated by epigenetic mechanisms, since ELS 
can lead to prolonged changes in gene function 
without changing the DNA sequence. Te early-life 
exposure event in conjunction with genetic 
susceptibility is believed to lead to long-lasting 
changes in gene function to precipitate symptoms 
of PTSD and AUD in adulthood. 

A number of epigenetic studies have examined 
the molecular consequences of exposure to stress 
or glucocorticoids, with potential implications for 
PTSD and AUD. Glucocorticoid signaling, which 
can directly alter epigenetic marks via glucocorticoid 
receptors, is one of the central mechanisms 
that enables stress-related events to alter brain 
function. Studies have demonstrated that chronic 
glucocorticoid exposure or isolation stress can lead 
to long-lasting loss of DNA methylation at Fkbp5 75 

and tyrosine hydroxylase (T) in vivo,76 respectively, 
as well as at hundreds of loci across the genome.77 

Exposure to ELS or glucocorticoids has also been 
shown to lead to epigenetic alterations of genes 
such as CRH, NR3C1, and FKBP5. Epigenetic 
regulation of these glucocorticoid target genes 
is noteworthy and has long-term implications, 
given their prominent role in HPA axis function. 
For instance, it has been well-established that 
genetic and epigenetic variations in the NR3C1 
and FKBP5 genes contribute to hypercortisolemia 
and glucocorticoid resistance, because changes in 
NR3C1 and FKBP5 gene expression directly afect 
extracellular glucocorticoid levels and intracellular 
glucocorticoid signaling.78 

Another group of glucocorticoid targets consists 
of genes that control tissue-specifc processes. Genes 
that are expressed in the brain and are involved 
in neurodevelopment and neurotransmission are 
relevant to ELS, PTSD, and AUD. ELS-induced, 
long-term disruption of HPA axis function and 
epigenetic regulation of genes such as NR3C1 
and FKBP5, in turn, can afect epigenetic 
regulation of the BDNF, TH, and MAOA genes. 
Tese glucocorticoid target genes are critical for 
neurodevelopment and neurotransmitter function 
and, along with the glucocorticoid signaling 
genes NR3C1 and FKBP5, can serve as molecular 
substrates that link ELS exposure and behavioral 
disorders such as PTSD, AUD, and substance 
use disorder. A causal relationship between 
glucocorticoid exposure and risk for psychiatric 
disorders is strongly supported by fndings from 
large epidemiological studies.79 

In the overall framework proposed, ELS disrupts 
homeostatic glucocorticoid levels in the system via 
epigenetic changes at specifc genes that regulate 
glucocorticoid signaling. Tis disruption of 
homeostasis, in turn, leads to alterations of genes 
that precipitate psychiatric symptoms. Many of the 
genes that are epigenetically modifed by ELS also 
play prominent roles in AUD and PTSD. 

Epigenetics research on candidate genes that 
mediate the efect of ELS on PTSD and AUD 
is scarce. In this section we discuss the research 
on several genes in the context of stress, PTSD, 
or AUD, including studies that used human 
cohorts and those that used animal models of 
stress and alcohol intake. We briefy discuss six 
genes, CRH, NR3C1, FKBP5, BDNF, MAOA, 
and TH, to exemplify how ELS can epigenetically 
alter gene function, which then potentially 
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can afect behavioral symptoms, such as those 
observed in PTSD and AUD. For individuals 
who have experienced ELS and PTSD, alcohol 
use may induce gene expression and epigenetic 
changes to compensate for gene expression and 
epigenetic defcits. 

CRH gene 
CRH is a gene that has been implicated in ELS, 
PTSD, and AUD. It acts as one of the primary 
determinants of the brain’s stress response 
and alcohol dependence. In adult mice, social 
defeat stress has been associated with a decrease 
in methylation at the Crh promoter in the 
paraventricular nucleus.80 Tis fnding is supported 
by studies that reported increased CRH levels in 
the cerebrospinal fuid and plasma of individuals 
with PTSD.81-83 In other studies, adult rodents and 
nonhuman primates that were deprived of their 
mothers during youth have shown increased CRH 
concentrations within and outside the hypothalamus 
and in the cerebrospinal fuid.35-37 Tese animals may 
exhibit hyperactive HPA axis and behavioral stress 
responses throughout life. As mentioned previously, 
elevated CRH in cerebrospinal fuid has also been 
observed in humans who have a history of ELS.42 

CRH plays a critical role in AUD. Administration 
of CRH type 1 receptor antagonists in mice has 
been shown to attenuate alcohol-seeking behavior 
and withdrawal-induced drinking,84,85 although 
such observations have not been strongly supported 
in human studies. As with stress exposure, alcohol 
administration activates the HPA axis, inducing 
release of CRH, ACTH, and cortisol. CRH 
production in the amygdala increases with chronic 
alcohol administration, resulting in long-term 
upregulation of CRHR1 gene expression in specifc 
regions of the brain. One of the mechanisms that 
potentiates alcohol-seeking behavior following 
exposure to ELS may be transactivation of the 
CRH gene resulting from a loss of methylation at 
its promoter. 

NR3C1 gene 
Te NR3C1 gene encodes the primary receptor for 
binding cortisol, and this receptor is believed to 
be responsible for the detrimental efects of HPA 
axis dysregulation. Recent evidence has implicated 
glucocorticoid signaling as a prominent factor in 
AUD and in many aspects of other substance use 

disorders.86,87 In research relevant to ELS, poor 
maternal nursing behavior in rats has been shown 
to alter adulthood HPA axis function, as indicated 
by an increase in DNA methylation at one of the 
Nr3c1 promoters.88 In a study that examined human 
cord blood, researchers suggested that a similar 
mechanism developed in infants exposed in utero to 
maternal depression.89 

In contrast, one study has documented diferent 
epigenetic patterns in individuals with PTSD, with 
those participants exhibiting a reduction in overall 
methylation and an increase in NR3C1 expression, 
which enhances glucocorticoid trafcking.90 In 
another study that compared individuals with 
PTSD to healthy controls, those with PTSD had 
consistently lower baseline cortisol levels, and 
they had a greater ability to suppress cortisol levels 
following a dexamethasone suppression test.47 

Although the molecular transition in glucocorticoid 
receptor sensitivity from ELS to PTSD is unclear, 
it is likely dependent on the type and duration of 
ELS. Further, the elevated cortisol levels achieved 
during alcohol intoxication may be compensating 
for hyperreactive glucocorticoid signaling and lower 
cortisol levels. 

FKBP5 gene 
FKBP5 is another gene that plays a crucial role in 
regulating systemic and intracellular glucocorticoid 
signaling. It encodes a chaperone protein that tethers 
the glucocorticoid receptor and prevents downstream 
glucocorticoid signaling, thereby attenuating 
glucocorticoid sensitivity. A study of primates 
implicated FKBP5 as one of the main determinants 
of glucocorticoid resistance.78 A study in humans 
examined gene-environment interaction between a 
risk allele associated with enhanced gene expression 
and ELS exposure.71 Te researchers reported that 
ELS-exposed, risk-allele carriers showed loss of 
intronic methylation near a glucocorticoid response 
element that afected glucocorticoid-induced 
activation of FKBP5. Another study reported that 
FKBP5 alleles interacted with ELS to increase the 
risk for PTSD.91 

ELS-induced modulation of FKBP5 expression 
also has important implications for AUD. In 
preclinical studies, Fkbp5 expression levels 
modulated alcohol intake and withdrawal severity, 
with Fkbp5 knockout mice increasing alcohol intake 
and exhibiting sensitivity to alcohol withdrawal.70,92 

https://exposure.71
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In humans, a study has linked a SNP genotype 
of FKBP5 and the presence of poor child-parent 
relationships to problematic drinking behavior.93 

Collectively, ELS exposure leads to epigenetic 
changes at genes that alter HPA axis function, and 
those changes, along with genetic variations, may 
increase the risk for the development of PTSD. 
Although the molecular transition that takes place 
from ELS exposure to PTSD is still unclear, the 
efect of ELS exposure on glucocorticoid signaling 
is associated with increased alcohol intake and 
withdrawal severity. 

BDNF gene 
In addition to genes that regulate the HPA 
axis and glucocorticoid signaling, downstream 
glucocorticoid receptor target genes that regulate 
brain-specifc processes also have a signifcant efect 
on ELS-induced behavior. As a member of the 
neurotrophin family of growth factors, the BDNF 
protein promotes neuronal survival, protection, 
and growth, as well as synaptic plasticity and 
neurotransmission. 

A well-studied SNP, the Val66Met polymorphism, 
has been shown to interact with ELS to predict 
symptoms consistent with depression, anxiety, and 
cognitive decline.94 In rodent models, stress exposure 
in many forms and during several developmental 
periods leads to a decrease in Bdnf expression via 
epigenetic mechanisms. For example, maternal 
separation or early weaning has been shown to 
lead to decreased expression by promoting histone 
deacetylation at exon IV,95 social isolation has been 
associated with an increase in intronic glucocorticoid 
response element DNA methylation during 
adolescence,96 and social defeat has been linked to 
histone deacetylation during adulthood.97 

Similar fndings have been observed in individuals 
with PTSD. In one study, a meta-analysis implicated 
the Val66Met polymorphism in trauma-exposed 
individuals with PTSD.98 Researchers have reported 
that in veterans with PTSD, when compared to 
veterans without PTSD, peripheral BDNF protein 
levels were lower, and DNA methylation in the gene 
promoter was higher.99 For the BDNF gene, alcohol 
appears to compensate for ELS- or PTSD-induced 
defciencies, as demonstrated by a study in which 
acute alcohol administration led to histone 
acetylation-associated increases in the central and 
medial amygdala of alcohol-preferring rats.100 

MAOA and TH genes 
Te MAOA gene encodes an enzyme that oxidizes 
and breaks down monoamine neurotransmitters 
such as dopamine, serotonin, and adrenaline. Of 
these monoamine neurotransmitters, dopamine has 
garnered the most interest regarding alcohol and 
substance misuse because of its involvement in stress 
and reward pathways. Te TH gene encodes the 
rate-limiting enzyme involved in the synthesis of 
dopamine, tyrosine hydroxylase. Both the MAOA 
and TH genes are regulated by glucocorticoids.96,101,102 

Trough glucocorticoid-mediated, epigenetic 
dysregulation of dopamine function, these genes 
provide the means for ELS exposure to increase risk 
for the development of PTSD and AUD. 

In a study using an animal model, exposure to 
peripubertal stress increased Maoa gene expression in 
the prefrontal cortex of rats, supported by an increase 
in histone H3 acetylation at the gene promoter.103 

In another study, socially defeated mice showed a 
similar increase in the raphe nuclei.104 No studies 
have examined MAOA protein levels in relation to 
PTSD, but in one study of ELS-exposed rodents, 
alcohol exposure decreased MAOA activity and led 
to increased dopamine levels.105 In a study analyzing 
macaques, alcohol intake reduced expression levels of 
the MAOA gene in a dose-dependent manner.106 

TH is another glucocorticoid target gene, and 
its expression levels are diminished in animals 
exposed to ELS.96 Although this gene has not been 
examined in the context of PTSD, TH expression 
levels have been increased by exposure to alcohol, 
providing yet another example of how alcohol 
use may be compensatory behavior to normalize 
gene function.107 A small study of pharmacological 
dopamine stimulation in humans showed enhanced 
reward-induced performance accuracy in participants 
who had poor parental care, further supporting the 
animal fndings.108 

Future Research Needs 
A brief review of the above candidate genes 
refects the relative scarcity of data on the efects 
of ELS on comorbid PTSD and AUD, which 
necessitates additional investigations. First, an ELS 
model capable of recapitulating the component 
symptoms of both PTSD and AUD is needed. 
Animal model studies underscore the difculty 
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of modeling stress and alcohol exposure. Factors 
such as intensity, duration, and types of stress 
superimposed on diferent brain regions, circuits, 
and neurotransmitters have all contributed to 
diferent outcomes and further confounded 
conclusions. Development of robust animal models 
that can produce predicted phenotypical outcomes 
under standardized conditions is needed. Once 
established, these models can be implemented to 
examine the molecular underpinnings of PTSD and 
AUD. Use of genome-wide approaches can provide 
a bigger picture of relevant neuroadaptations, 
such as ELS-induced changes in specifc pathways 
and gene sets. Specifcally, genome-wide “omics” 
approaches, consisting of transcriptomics (RNA 
sequencing), epigenomics (methylation sequencing), 
and proteomics (mass spectrometry), can facilitate 
discovery and characterization of targets. 

Similarly, human studies are lacking, except for a 
few clinical and candidate gene association studies. 
First and foremost, there is an urgent need for 
recruiting individuals who have comorbid AUD 
and PTSD rather than those who have AUD or 
PTSD alone, as underlying molecular mechanisms 
governing the comorbid condition may be unique 
and distinct. In addition, these cohorts need to be 
large enough to identify genetic variants that interact 
with ELS and are associated with PTSD and AUD. 
Once susceptibility genes and their variants have 
been identifed, preclinical studies manipulating 
these genes can establish how the genes interact with 
ELS to precipitate PTSD and AUD symptoms. 
In addition, assays can be developed to identify 
individuals who may be predisposed genetically or 
epigenetically to PTSD and AUD. 

Also, functional studies are needed to verify 
whether AUD is compensatory behavior to ofset 
the molecular consequences of stress. Preclinical 
and clinical studies are needed to examine at the 
molecular level whether alcohol consumption can 
reverse many of the defcits caused by ELS exposure. 
Identifcation of such substrates of AUD can lead 
to development of medications that do not have the 
detrimental and addictive properties of alcohol. 

Key questions that need to be addressed include: 

• What mechanisms underlie the increased risks of 
developing AUD and PTSD following exposure 
to ELS? 

• How do the allostatic changes that result from ELS 
remain durable over the lifetime of the individual? 

• Why are only a subset of individuals at risk for 
AUD or PTSD following ELS? 

• Are the allostatic changes that result from ELS both 
necessary and sufcient to produce the symptom 
complex associated with AUD and PTSD? 

• Can these altered systems be targeted for 
therapeutic intervention? 

Conclusion 
In this review, we sought to understand the 
mechanisms that underlie the link between 
ELS exposure and comorbid PTSD and AUD. 
Physiologically, the observed relationships are the 
result of ELS-induced, long-lasting, maladaptive 
changes in the stress and reward systems in the 
brain. Changes to these overlapping neural circuits 
have signifcant implications for PTSD and 
AUD. At the molecular level, a brief overview of 
several candidate genes suggests that ELS-induced 
epigenetic and transcriptional changes function 
as risk factors for AUD by promoting alcohol 
consumption. 

Studies of genes such as CRH and FKBP5 
demonstrate that ELS-induced alterations in gene 
expression mimic the expression levels observed 
during alcohol intoxication, which may potentiate 
alcohol-seeking behaviors. Alternatively, studies 
of genes such as NR3C1, BDNF, MAOA, and TH 
suggest that alcohol consumption has an efect on 
gene expression and epigenetic regulation that may 
counteract the expression and epigenetic defcits 
caused by ELS. Terefore, alcohol consumption 
may be a coping behavior in an attempt to 
compensate for the molecular consequences of ELS. 

Te study of comorbid PTSD and AUD arising 
from ELS exposure is fertile ground for further 
investigation, as relatively few studies have been 
conducted. Additional animal model development; 
human studies; transcriptomic, epigenomic, and 
proteomic approaches; and specifc therapeutic 
approaches are needed to understand and treat these 
debilitating psychiatric disorders. 
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Common Biological 
Mechanisms of Alcohol Use 
Disorder and Post-Traumatic 
Stress Disorder 

Junghyup Suh and Kerry J. Ressler 

Post-traumatic stress disorder (PTSD) and alcohol use disorder (AUD) 
are highly comorbid. Although recent clinical studies provide some 
understanding of biological and subsequent behavioral changes that 
defne each of these disorders, the neurobiological basis of interactions 
between PTSD and AUD has not been well-understood. In this review, 
we summarize the relevant animal models that parallel the human 
conditions, as well as the clinical fndings in these disorders, to delineate 
key gaps in our knowledge and to provide potential clinical strategies 
for alleviating the comorbid conditions. 

KEY WORDS: addiction; animal models; depression; neural circuitry; 
post-traumatic stress disorder (PTSD); stress; trauma 
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Alcohol use disorder (AUD) is one of the most common co-occurring 
disorders among individuals diagnosed with post-traumatic stress 
disorder (PTSD).1 Many people who have PTSD use alcohol in an 
attempt to ameliorate debilitating symptoms such as anxiety and 
hyperarousal. Clinical and epidemiological studies have consistently 
reported that PTSD is associated with a threefold higher risk for 
developing AUD, and for individuals who have PTSD, the lifetime 
prevalence of AUD has been estimated at 40%.2 Te severity of PTSD 
symptoms is positively related to the level of alcohol use, and it also 
predicts alcohol craving in response to trauma- and alcohol-related 
cues. Despite the high rates of comorbidity, there is a substantial gap in 
understanding how traumatic experience leads to transition from initially 
controlled alcohol consumption (reward phase) to the development of 
alcohol-seeking and dependence (negative reinforcement phase). Tis 
review summarizes clinical observations and highlights fndings from 
preclinical animal models, and focuses particularly on the alterations and 
dysfunctions in neural circuitry and stress hormone systems that may 
underlie enhanced vulnerability to AUD in context of PTSD (Figure 1). 
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Figure 1 Interactions between the fear/addiction neural circuitry and the hypothalamic pituitary adrenal (HPA) axis. The fear/addiction 
circuitry includes the hippocampus, prefrontal cortex, amygdala, nucleus accumbens, and ventral tegmental area. The prefrontal 
cortex mutually connects with the amygdala, and the amygdala projects to the nucleus accumbens via its glutamatergic 
innervations. All these areas receive projections from dopamine neurons in the ventral tegmental area. The major components 
of the HPA axis include the paraventricular nucleus of the hypothalamus and the pituitary and adrenal glands. Corticotropin 
releasing hormone from the paraventricular nucleus stimulates adrenocorticotropic hormone (ACTH) release from the anterior 
pituitary into the bloodstream, then ACTH induces glucocorticoid release from the adrenal gland. Glucocorticoids mediate 
negative feedback in the HPA axis to reduce the stress response. Glucocorticoids also affect the fear/addiction circuitry via the 
glucocorticoid receptors, which triggers molecular, cellular, and physiological changes, including epigenetic alterations. Note: 
GABA, gamma-aminobutyric acid. 



       
         

        
     
       

     
   

        
       

       
       

        
    

 
      

     
    

     
       

       
       

       
      

        
     
         

       
       

  
     

       
      

    
       
       

       
    

     
      

        
    

       
      

       
        

     
      
      

    
    

      
        
       

      
   
      

      
     

       
      

       
       

        
      

         
        

      
       
       
       

       
      

       
        

     
         

       
       

      
       

    
       

    
     

      
    

     
      

         
  

        
         

 

Preclinical Models of PTSD and AUD 

Animal model approaches 
Tere are several procedures commonly used to 
create animal models of stress or PTSD and to 
employ stress components that are known to lead 
to enhanced risk for AUD.3 Many procedures 
are simple, easy to implement, and efective at 
inducing a broad departure from endocrinological, 
physiological, and neurobiological homeostasis.4 

Also, both acute and chronic stressors can lead 
to physical and psychiatric pathology. First, we 
briefy describe a range of stress-related approaches 
to modeling the phenotypes of PTSD and AUD. 
Ten, we review supporting studies in more detail, 
examining common biological components of 
both disorders. 

Widely used physical stressors include exposure 
to immobilization, restraint, cold-water swimming, 
electric footshocks, and noxious stimuli.4 

Immobilization or restraint stress commonly is 
produced by confning a naïve animal inside a bag 
or tube. Also, relevant naturalistic or ethological 
stressors have been used to trigger stress states.4 

Models of psychological stress include exposure to 
predator odor; an elevated platform; or a bright, 
open area; whereas models of social stress include 
social isolation, maternal deprivation, and social 
defeat. In some studies, more than one stressor is 
applied concomitantly to test the generality of a 
hypothesized mechanism or to enhance the intensity 
of desired responses. 

Alcohol behaviors include various responses and 
changes elicited by alcohol exposure and withdrawal. 
Examples of these behaviors are alcohol craving, 
compulsive alcohol-seeking, excessive alcohol 
intake, alcohol dependence, and relapse. In this 
review, we survey the recent progress in animal 
modeling for two main aspects of AUD-related 
alcohol behaviors—alcohol consumption and 
alcohol-seeking. In general, experiments designed to 
investigate the efects of stress and alcohol behaviors 
can be divided into three categories. In the frst 
category, alcohol-naïve animals experience stress, 
then alcohol is introduced concurrently or after an 
incubation period.5-7 In the second category, animals 
are familiarized to alcohol or to drinking alcohol 
before stress is introduced.8 In the third category, 

animals develop alcohol behaviors, subsequently 
extinguish those behaviors, and then stress is 
introduced during a development, extinction, or 
reinstatement period.9 In these experimental designs, 
alcohol behaviors are generally monitored through 
preference ratios and by measuring intake. Typically, 
animals have free access to water or an alcohol 
solution, and alcohol preference and intake are 
determined by the amount of liquid consumed and 
the number of approaches. 

A considerable body of evidence suggests that 
stress triggers negative afective states and subsequent 
adaptive changes that lead to the development 
of AUD, so many animal models for AUD 
have focused on creating a condition in which 
a stress procedure precedes alcohol exposure (or 
re-exposure).3 Notably, however, it also has been 
suggested that excessive drinking is a risk factor 
for developing anxiety disorders such as PTSD. 
Tere are several reasons this may be the case. One 
possibility is that in cortical regulatory areas such as 
the medial prefrontal cortex (mPFC), impairments 
from excessive drinking are similar to impairments 
from repeated stress. For example, in a 2012 
study of mice, Holmes and colleagues examined 
the efects of chronic alcohol exposure on the 
prefrontal cortex (PFC) and its capacity to mediate 
fear extinction.8 Fear extinction is a reduction in 
the frequency or intensity of a conditioned fear 
response (e.g., freezing) after repeated presentation 
of a conditioned stimulus (e.g., a sound) in the 
absence of the unconditioned aversive stimulus (e.g., 
a footshock). Holmes and colleagues found that 
mice intermittently exposed to continuous vaporized 
alcohol had signifcant remodeling of mPFC neurons 
and demonstrated impaired fear extinction.8 

Using a combination of these preclinical models 
and molecular, genetic, and pharmacologic 
manipulation approaches, recent investigations have 
made great strides in delineating the neurobiological 
processes underlying stress-induced escalated 
alcohol intake or alcohol-seeking behavior. Next, we 
summarize some details of these models and their 
relevance to both disorders, as well as to comorbid 
PTSD and AUD. 

Restraint or immobilization stress 
Restraining rodents in small tubes or on a platform 
in an acute or chronic manner leads to increased 

Common Biological Mechanisms of AUD and PTSD | 133 



134 | Alcohol Research: Current  Reviews  | Vol 39 No 2 | 2018       

       
      

       
     

     
       
     

      
   

  
      

      
     

      
        

    
       

     
        

    
     

       
    

   
      

     
          

       
       

    
       

         
       

       
       

       
   

      
      

    
      

      
     

      
        

      
        

        
      

         

     
    

       
      

   
      

       
      

       
     

     
      

      
        

       
       

        
      

    
       

      
       

       
        

      
       
     

        
         

      
     

          
      

      
     

    
      

   
   

       
     

     
       

manifestations of anxiety and changes in neuronal 
morphology within brain regions that mediate 
fear and anxiety.10,11 In previous studies, acute 
immobilization stress in mice signifcantly elevated 
hypothalamic pituitary adrenal (HPA) axis activity, 
resulting in impaired fear extinction and extinction 
retention following Pavlovian fear conditioning.12,13 

Furthermore, exposure to this stressor led to 
impaired long-term declarative memory and 
enhanced anxietylike behavior.14 

Because of the practical simplicity of restraint-
related procedures, numerous studies have employed 
them to elucidate the relationship between stress 
and alcohol consumption. However, the results 
are not conclusive. In some cases the stressor 
signifcantly increased alcohol intake, whereas 
in others alcohol consumption decreased or did 
not change.15,16 Terefore, although researchers 
have speculated about many factors, such as time, 
individual diferences, and stress-induced long-term 
sensitization or desensitization of the HPA axis,17 

there appears to be no clear primary determinant on 
the outcome in those studies. 

Social stress 
Social isolation, such as maternal deprivation, is a 
demonstrated risk factor for alcohol consumption 
during adolescence and adulthood, particularly 
in male rats.18 In one study, when rat pups were 
separated from their mothers for 6 hours per 
day for 20 days, they exhibited increased ethanol 
consumption during their adolescence, compared 
with rat pups that had only 15 minutes of 
deprivation per day. In a similar study, rats (male and 
female) that experienced a single, 24-hour maternal 
deprivation on postnatal day 9 and subsequent 
exposure to restraint stress showed higher ethanol 
intake than animals that experienced only a single 
maternal deprivation.19 Furthermore, isolation 
stress during adolescence seemed to similarly 
increase alcohol consumption. For example, rats 
housed individually during adolescence exhibited 
increased ethanol intake and ethanol preference 
during adulthood.20 Moreover, when an intermittent 
procedure was used to ofer these rats alcohol, 
they drank signifcantly more ethanol solution and 
obtained higher blood ethanol levels than rats that 
received a continuous procedure. In addition, when 
induced by chronic early life stress, the increase in 

ethanol consumption lasted for at least 8 weeks.21 

Notably, the stressed rats displayed a signifcant 
defcit in fear extinction but not in fear memory 
acquisition. 

Also, several studies have shown through self-
administration and place-conditioning paradigms 
that exposure to social defeat stress induced 
escalation of alcohol consumption as well as 
reinstatement of alcohol-seeking behavior after 
extinction.22 Procedures for invoking social stress 
can be divided into acute versus repeated, or 
agonistic encounters in a neutral environment 
versus resident or intruder settings. In these stress 
paradigms, the observation of escalated alcohol 
intake is related to when the stress experience 
occurred. Te animals showed no signifcant change 
in alcohol consumption immediately after stress, 
but they showed an increase 2 hours after stress.22 

More recent studies with mice demonstrated that 
a 10-day social defeat stress experience increased 
ethanol drinking and preference for at least 20 days 
after the defeat.6,7 Elevated alcohol consumption 
was correlated with plasma corticosterone levels 
and was modulated by the signaling pathway 
of corticotropin releasing hormone receptor 1 
(CRHR1) in the ventral tegmental area (VTA) 
and by dopamine within the nucleus accumbens. 
Chronic social defeat in rats and mice is well-
known for inducing some core PTSD symptoms, 
such as increased social avoidance23 and anxiety,22 as 
well as enhanced fear memory acquisition.23 

Predator-based stress 
In rodents, exposure to a natural predator has 
been shown to provoke high levels of intense fear 
and stress, followed by long-lasting endocrine 
and behavioral responses. Typically, the rodents 
are exposed very briefy (5 to 10 minutes) to a 
predator or to predator odorants, such as predator 
urine, which leads to elevation of long-lasting 
anxietylike behavior.24 Specifcally, rats exposed to 
chronic social instability in conjunction with cat 
odor showed reduced basal glucocorticoid levels, 
increased glucocorticoid suppression following 
dexamethasone administration, heightened anxiety, 
and enhanced fear memory.25 Tese results mimic 
common endocrine and behavioral measures 
found in humans with PTSD. Another study 
demonstrated that rats with higher stress reactivity 
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to predator urine exhibited more alcohol drinking 
than rats with lower stress reactivity.5 

Genetic differences 
It has been well-reported that background strain 
diferences can confound stressor reactivity measures 
and alcohol-related behaviors in the same manner 
demonstrated for other behavioral measurements, 
including learning and memory performance, 
aggression, and emotionality. For example, a 
phenotypic survey study comparing fear extinction 
in a panel of inbred mouse strains revealed fear 
extinction impairment in the 129/SvImJ strain 
due to a failure in the engagement of corticolimbic 
extinction circuitry, despite the strain’s normal fear 
conditioning and nociception.26 A similar study 
showed that chronic exposure to swim stress resulted 
in a signifcant decrease in ethanol consumption in 
mouse strains DBA/2J and BALB/cByJ but not in 
strain C57Bl/6J, although stress increased sensitivity 
to the sedative/hypnotic efects of ethanol in all 
three strains.27 

Neurobiological Circuits 
Neuroimaging studies have suggested that stress-
induced alcohol behaviors may relate to convergent 
or divergent changes in multiple brain areas. 
However, to provide a framework for identifying 
alterations in neural circuitry, we will focus on a 
few brain areas well-associated with processing fear, 
anxiety, stress, and rewards. Tese areas include the 
amygdala, PFC, hippocampus, and VTA. 

Amygdala 
Te amygdala is well-known for its role in 
physiological and behavioral responses to fear, stress, 
and substance misuse.5,28,29 During fear learning, 
the amygdala receives multisensory information 
from the cerebral cortex and thalamus and 
projects to brain regions that produce behavioral 
and physiological fear responses.28 During fear 
extinction and fear extinction recall, the mPFC and 
hippocampus regulate the amygdala from the top 
down through rich, mutual connections between 
these areas to modulate previously conditioned 
fear. Furthermore, severe stress facilitates fear and 

anxietylike behavior via amygdala-dependent 
anatomical and physiological changes at synaptic, 
cellular, and network levels.4,28,29 Neuroimaging 
studies of healthy humans have shown that increased 
amygdala activity was evoked by fearful cues and 
during fear conditioning.30 In other studies, combat 
veterans with PTSD who were exposed to fearful 
faces exhibited higher levels of amygdala activation 
than healthy individuals, and they also exhibited 
hyperreactivity in the presence of trauma-related 
stimuli.31,32 

In a 2014 study, Garfnkel and colleagues 
examined amygdala activity in individuals with 
PTSD.33 Te researchers used conditioning to 
generate a fear response to a conditioned stimulus of 
a colored light (the dangerous context). Later, in a 
diferent (safe) context, participants were conditioned 
to extinguish that fear response. Te individuals with 
PTSD exhibited an increase in amygdala activity 
when reintroduced to the conditioned stimulus in 
the safe context, indicating impaired fear extinction. 
However, in the same study, individuals with PTSD 
demonstrated low amygdala activity when the 
extinct conditioned stimulus was reintroduced in the 
original dangerous context to elicit a fear response 
(i.e., fear renewal). Te low amygdala activity could 
indicate that these individuals have impaired fear 
renewal. Tese fndings suggest that individuals with 
PTSD have a globally diminished capacity to use 
contextual information to modulate fear expression. 

In addition to functional changes, structural 
changes in the amygdala have been reported in 
individuals who have PTSD and a history of 
early life stress. Notably, smaller amygdala and 
hippocampus volumes have been found in children 
exposed to diferent forms of early life stress and 
have been associated with greater cumulative stress 
exposure and behavioral problems.34 Interestingly, in 
men who had alcohol dependence, amygdala volume 
reduction was associated with increased alcohol 
craving and intake.35 Furthermore, it has also been 
demonstrated that alcohol cues triggered amygdala 
reactivation in men with alcohol dependence alone,35 

as well as in individuals who had PTSD and AUD.31 

However, the neuroimaging data generated by 
functional magnetic resonance imaging and positron 
emission tomography do not yet provide the 
resolution to reliably diferentiate amygdala nuclei. 

Studies with animal models greatly help extend 
understanding of the structures and functions 
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of the amygdala in anxiety and fear memory, 
because the gross anatomy, connectivity, and 
cellular composition of amygdala nuclei are 
well-conserved across species.28 Te amygdala 
comprises multiple interconnected nuclei that can 
be classifed largely into two groups: cortexlike and 
striatumlike structures. Te cortexlike structure 
includes the basolateral complex, consisting of the 
lateral, basolateral, and basomedial amygdala. Te 
striatumlike structure consists of the central nucleus 
of the amygdala (CeA), which has lateral and medial 
subdivisions and intercalated cell clusters. During 
fear conditioning, output activity in the medial 
division of the CeA is enhanced by excitatory signals 
originating directly from the lateral amygdala and 
indirectly through the basolateral amygdala. Te 
output also is modulated by reciprocal connections 
between the basolateral amygdala and the prelimbic 
area of the PFC. In contrast, during fear extinction, 
neural activity in the lateral and basolateral amygdala 
is reduced, and the infralimbic area of the PFC 
participates in suppression of fear through the 
basolateral amygdala and the intercalated cells. 

Recent studies suggest functional and molecular 
heterogeneity for the cell types and projections 
within some of the amygdala subnuclei. For example, 
in one of our studies, we found that tachykinin 
receptor 2 (TACR2)-expressing neurons in the 
medial division of the CeA were involved in fear 
consolidation.36 In another study, researchers found 
that protein kinase C delta (PRKCD) expression in 
the lateral division of the CeA provided inhibitory 
regulation in the medial division of the CeA, 
reducing fear expression.37 Similarly, through 
optogenetic manipulations, we demonstrated that 
Ty-1 cell surface antigen (THY1)-expressing 
neurons in the basolateral amygdala were involved in 
fear extinction and fear extinction recall.38,39 

Because a generalized fear response is considered 
a hallmark of anxiety, researchers have examined 
intra-amygdala circuits and long-range projections 
and demonstrated that microcircuits in the amygdala 
play a role in anxiety. In one study, increased tonic 
fring of output neurons in the medial division of 
the CeA activated by neurons in the lateral division 
of the CeA was required for fear responses to the 
conditioned stimulus and to an unconditioned 
stimulus.40 Tese fndings suggest that tonic activity 
within CeA fear circuits may be an underlying 
neuronal substrate for anxiety. Similarly, in the lateral 

amygdala, activity in distinct neuronal populations 
also seems to be necessary for fear generalization. 
One study reported that in rats that exhibited 
generalized fear, cells in the lateral amygdala 
responded to a conditioned stimulus that was not 
paired with an unconditioned stimulus.41 

Because alcohol-seeking in humans has long 
been considered to be motivated by the desire to 
reduce stress and anxiety, the amygdala has been 
linked to behavior associated with alcohol misuse. 
In particular, the gamma-aminobutyric acid 
(GABA) neurotransmitter system in the CeA has 
been implicated in mediating behavior associated 
with acute and chronic alcohol consumption. 
In one study, rat brain slices exposed to an acute 
superfusion of ethanol increased presynaptic GABA 
release and enhanced postsynaptic GABA receptor 
function in CeA neurons.42 Te same researchers 
also demonstrated that chronic ethanol exposure 
promoted increased basal GABA release without 
presynaptic efects.43 Furthermore, stereotactic 
injection of gabapentin, an anticonvulsant GABA 
analog, attenuated elevated operant ethanol 
responses in ethanol-dependent rats.43 Studies with 
transgenic mice showed that ethanol enhanced the 
activity of CRHR1 receptors in the CeA, implicating 
potential cell type–specifc interactions between 
the stress corticotropin releasing hormone (CRH) 
signaling pathway and alcohol consumption and 
dependence.44 Consistent with this idea, studies have 
shown that rats that displayed persistent avoidance 
of a predator odor–paired context consumed more 
alcohol and exhibited compulsivelike responding 
for alcohol,5 and they expressed hyperalgesia via the 
CRH signaling pathway in the CeA.45 

PFC 
Te PFC, a large and complex brain region that 
is greatly expanded in nonhuman primates and 
humans, is topographically organized and has 
anatomically distinct subfelds, roughly divided 
into dorsolateral, ventromedial, and orbital regions. 
Tese subfelds are believed to be involved in various 
cognitive and emotional functions. For example, 
the dorsolateral regions of the PFC provide top-
down regulation of attention, thought, and action 
and have extensive connections with sensory and 
motor cortices.46 In contrast, the ventromedial 
regions of the PFC regulate emotional responses 
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and have vast connections with various subcortical 
structures, such as the amygdala, nucleus accumbens, 
and hypothalamus.47 Te PFC also has direct and 
indirect interactions with the monoamine system, 
including noradrenergic projections from the 
locus coeruleus and dopaminergic inputs from the 
substantia nigra and VTA. Te PFC is sensitive to 
the detrimental efects of stress exposure, as even 
mild uncontrolled acute stress can cause a rapid 
and dramatic loss of cognitive abilities, and more 
prolonged stress exposure causes anatomical changes 
in the PFC. All of these PFC pathways are critically 
involved in appetitive behavior, as occurs with AUD, 
and in emotion regulation, which is disrupted during 
fear processing, as occurs with PTSD. 

Given the mutual connectivity between the 
PFC and amygdala, it has been suggested that the 
fortifed emotional memory traces in individuals 
with PTSD may be a product of imbalanced 
interactions between the two brain areas. Te 
PFC seems to exert an inhibitory response on the 
amygdala, which is a central node for emotional 
reactivity. In neuroimaging studies, participants 
with PTSD showed decreased prefrontal blood 
fow,48,49 and a study that used trauma reminders to 
provoke symptoms in patients with PTSD reported 
reduced activation in the ventromedial PFC.50 Tis 
decreased PFC activity is often accompanied by 
increased amygdala activity,49,51 suggesting there 
may be a failure of top-down cortical inhibition on 
the reactivation of memory traces associated with 
trauma-related thoughts and feelings. 

Te failure of top-down cortical inhibition may 
also relate to functional mechanisms associated 
with stress-related alcohol craving and relapse. 
Alcohol-related dysfunction in the PFC afects 
higher order executive function, including response 
inhibition and decision-making. Alcohol-related 
neuroadaptations in the prefrontal networks, 
including in the corticostriatal motivation 
pathways,52 could also promote increased relapse risk 
and craving for alcohol consumption. In support 
of these ideas, researchers have used individually 
calibrated, script-driven, guided-imagery procedures 
and neuroimaging to identify neural responses to 
stress and alcohol context cues.53,54 Tese studies 
demonstrated that, in healthy individuals, stress 
and alcohol cue exposure induced overlapping 
neural responses, with increased activation of the 
corticolimbic striatal circuit, encompassing the 

mPFC, orbitofrontal cortex, and anterior cingulate 
cortex. Healthy men displayed greater stress-induced 
activations throughout the prefrontal areas than 
healthy women, whereas women showed greater 
alcohol cue–related activity in the superior and 
middle frontal gyrus than men.53 Tese fndings 
suggest that diferential neural responses in these 
cortical areas may contribute to the sex diferences 
found in stress-related coping and in vulnerabilities 
to stress-induced alcohol consumption and 
alcohol-seeking. 

A follow-up study with a similar approach showed 
that individuals with AUD, when compared with 
control subjects, had less neural activity in the 
ventromedial PFC and anterior cingulate cortex 
when exposed to an alcohol-enticing or stressful 
stimulus.54 Tese same participants showed increased 
activity in the ventromedial PFC and anterior 
cingulate cortex during exposure to relaxing cues. 
Tese neuroimaging studies indicate that disrupted 
functions in the PFC, as well as in motivation-
reward brain regions, may be neural mechanisms 
underlying alcohol craving and relapse. 

Although it has been difcult to determine 
exactly analogous rodent and human brain regions, 
it is generally accepted that rodents have a PFC 
equivalent.55 Based on examination of rodent cellular 
structure, lamination, and projection patterns, 
fndings suggest there are clear distinctions between 
the dorsal (precentral and anterior cingulate) and 
ventral (prelimbic, infralimbic, and medial orbital) 
subdivisions of the mPFC.47 Te rodent dorsal 
PFC, similar to the primate PFC, is implicated in 
memory for motor responses, including the temporal 
processing of information and response selection.56 

Te ventral PFC is involved in emotional responses, 
such as anxiety, and in the expression and extinction 
of conditioned fear memory.57,58 

Hippocampus 
Te hippocampus is defned by its characteristic 
trisynaptic circuit and is well-known for its crucial 
roles in spatial navigation and episodic memory 
(i.e., recall of events within the spatial and temporal 
context in which they occurred).59 Dysfunctions 
of the hippocampus lead to not only memory 
defcits, but also anxiety, depression, epilepsy, and 
schizophrenia, suggesting that the hippocampus 
contributes to attention, arousal, and emotional 
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states, including stress.60 Stress produces intense 
and long-lasting memories that can be a source of 
serious distress, but prolonged stress seems to impair 
performance on hippocampus-dependent memory 
tasks. For example, individuals diagnosed with 
PTSD and healthy individuals injected with cortisol 
(a human glucocorticoid) have been shown to be 
impaired in various verbal recall tests.61 In addition, 
clinical and preclinical studies have shown that stress 
changes synaptic plasticity and fring properties 
of hippocampus neurons, induces morphological 
atrophy, suppresses neuronal proliferation, and 
reduces hippocampal volume.61 Tese wide-ranging 
changes appear to be mediated by stress hormones. 
Glucocorticoids act, in part, via negative feedback 
of the HPA axis through the hippocampus, which is 
densely concentrated with glucocorticoid receptors. 
Similarly, rodent studies have shown that exposure 
to stress or high doses of corticosterone (a rodent 
glucocorticoid) produces defcits in hippocampus-
dependent spatial memory tasks.60 

Neuroimaging studies have demonstrated that 
acute alcohol exposure afects the hippocampal 
function of contextual or episodic memory 
encoding.62 In addition, chronic alcohol misuse 
seems to cause a reduction in hippocampal volume 
and activity.63,64 In animal studies, alcohol exposure 
during fetal or adolescent development has been 
shown to induce reductions in hippocampal 
neurogenesis.65,66 In addition, chronic alcohol 
exposure has been shown to disrupt adult 
hippocampal neurogenesis, alter connectivity of 
new neurons, and result in behavioral defcits, as 
demonstrated through the hippocampus-dependent 
novel-object recognition task and Y-maze test.67 

VTA and dopamine regulation 
Te VTA is in the midbrain, situated adjacent 
to the substantia nigra, and it is primarily 
characterized by its dopaminergic neurons, 
which project to limbic and cortical areas via 
the mesolimbic and mesocortical pathways, 
respectively. Electrophysiological studies in monkeys 
demonstrated that rewards and reward-predicting 
cues elicited strong phasic fring of midbrain 
dopamine neurons.68 Functional magnetic resonance 
imaging studies in humans have reported that 
increased midbrain activation occurred during 
anticipation of pleasant tastes69 and monetary 

gains,70 as well as for reward-predicting cues.71 

Because VTA dopamine neurons project densely 
to the nucleus accumbens in the ventral striatum 
via the mesolimbic pathway, these brain areas have 
been implicated as major areas for processing natural 
rewards, reinforcement, and drugs of abuse.72 

Studies using pharmacological perturbation and 
biochemical measurements have provided strong 
evidence for the reinforcement role of alcohol 
via the mesolimbic dopamine system. In a study 
with rats, systemic injection of dopamine receptor 
antagonists decreased responding for alcohol in a 
free-choice task, but the injection did not afect 
responses for water.73 Furthermore, in a study of 
nondependent rats, alcohol self-administration 
increased extracellular levels of dopamine in the 
nucleus accumbens.74 Such increases occurred during 
and also before the self-administration, indicating 
the motivational properties of cues associated 
with alcohol. Similar results have been shown in 
dopamine neurons of monkeys responding to 
reward cues.68 

Acute exposure to diferent forms of stress 
reportedly increases dopamine release in the nucleus 
accumbens,75 whereas long-term, repeated exposure 
to diferent stressors decreases basal dopamine 
output in the nucleus accumbens.76 If the base 
level of dopamine has been reduced by stress, the 
phasic dopamine release induced by alcohol may 
have an amplifed efect. Tis amplifed dopamine 
efect may further enhance the reward-learning 
process, consequently leading to increases in alcohol 
consumption and preference. 

Stress-induced alcohol preference and alcohol 
consumption seem to be due to alterations in both 
excitatory and inhibitory circuits within the VTA. 
A 2013 study in rats demonstrated that social 
isolation stress enhanced the acquisition of memories 
for alcohol-associated environmental cues.77 Te 
learning processes were facilitated by long-term 
potentiation of N-methyl-D-aspartate (NMDA) 
receptor–mediated excitatory transmission in the 
VTA, and the facilitation could not be reversed 
by resocialization. In contrast, Ostroumov and 
colleagues showed that stress promoted alcohol 
use through actions on inhibitory GABA signaling 
in the VTA.78 Rats that underwent acute restraint 
stress 15 hours before introduction to ethanol 
self-administered considerably more ethanol than 
controls, and this increase in alcohol consumption 
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lasted for more than 7 days. Electrophysiological 
recordings in the same study revealed that stress 
blunted the ethanol-induced increase in the fring 
rate of VTA dopamine neurons, which was restored 
by application of a GABAA receptor antagonist. Te 
stress also increased the concentration of intracellular 
chloride ions in VTA GABA neurons and seemed to 
alter the chloride gradient of GABA neurons such 
that, paradoxically, GABA excited these cells. 

VTA dysfunction is clearly relevant to AUD. 
However, in PTSD, both the anhedonic component 
and the dopamine regulation of fear extinction may 
represent neuroanatomical VTA dysfunction, which 
may contribute to AUD and PTSD comorbidity. 

Stress Axis Function 

HPA axis 
Te HPA axis is the main neuroendocrine response 
system to stress.61 Te activation of this system is 
characterized by adrenal gland synthesis and release 
of steroids known as glucocorticoids, such as cortisol 
in humans and corticosterone in rodents, triggered 
by the release of adrenocorticotropic hormone 
(ACTH) from the pituitary gland. ACTH release 
into the general circulation is controlled by the 
secretion of CRH from the paraventricular nucleus 
of the hypothalamus to the anterior pituitary gland 
via the portal blood vessels. 

Glucocorticoids act on the brain through two 
main receptors: type I, the mineralocorticoid 
receptor (MR), and type II, the glucocorticoid 
receptor (GR). Tese are nuclear receptors working 
as transcription factors. Tey modulate targeted gene 
expression by binding to DNA or by interfering with 
the activity of other transcription factors.61 Notably, 
the MR has a 10-fold higher binding afnity for 
glucocorticoids than the GR. Tis diferential 
binding afnity is assumed to create a two-tier 
system with negative feedback.79 Due to their high 
afnity, MRs are bounded by glucocorticoids and 
appear to be in a constant activated state under any 
physiological condition. In contrast, GRs with low 
binding afnity are occupied only after a signifcant 
rise of glucocorticoids. Tese GRs play a role in 
exerting negative feedback on enhanced HPA axis 
activity and in stress-related adaptation.79 

As part of homeostatic processes, the actions of 
the HPA axis are tightly regulated to ensure that 
the body can optimally face stress challenges, adapt 
to environmental stimuli, and return to a normal 
state. Dysfunctions in the HPA axis frequently have 
been found in humans diagnosed with PTSD or 
AUD, so comorbidity may stem from an overlapping 
neurobiological mechanism. However, the details 
of this mechanism as a possible link between these 
disorders are not yet well-understood. In this section 
we describe recent fndings on PTSD or AUD in 
humans and animals and how these conditions relate 
to the role of the HPA axis in comorbid high-stress 
reactivity and enhanced alcohol intake. 

Stress hormones and PTSD 
Neuroendocrine studies have shown profound 
alterations in the HPA axis in individuals with 
PTSD. In particular, it has been well-documented 
that reduced baseline cortisol levels, in addition 
to enhanced cortisol suppression to a low-dose 
dexamethasone challenge, are present in some 
individuals with PTSD.80 Tese individuals also 
displayed augmented cortisol feedback inhibition 
of ACTH secretion at the level of the pituitary and 
a blunted ACTH response to CRH. Furthermore, 
because studies have consistently shown that 
individuals with PTSD have glucocorticoid receptor 
hypersensitivity, lower cortisol levels in plasma could 
be due to homeostatic feedback. 

Glucocorticoids readily cross the blood-brain 
barrier, exert negative feedback at the HPA axis, and 
consequently reduce CRH and ACTH secretion 
(Figure 1). Tey also bind to MRs and GRs 
throughout the brain, including in the amygdala, 
hippocampus, PFC, nucleus accumbens, and 
septum, where they infuence signaling pathways 
and synaptic plasticity. It has been hypothesized 
that diferent anatomical populations of GRs in 
the brain have unique functions in modulating 
plasma glucocorticoid levels. For example, in 
one study, application of corticosterone to the 
hippocampus inhibited HPA axis activation in 
male rats.81 However, in a diferent study, hormonal 
stimulation to the amygdala in rats increased plasma 
corticosterone and increased CRH expression in 
the CeA.82 Recent studies that used conditional 
knockout mouse models demonstrated that the 
ablation of GRs in glutamatergic, but not in 
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GABAergic, neurons induced hyperreactivity in 
the HPA axis and reduced fear- and anxiety-related 
behavior.83 Furthermore, viral-mediated deletion 
of GRs indicated that within the basolateral 
amygdala glutamatergic circuits, GRs played a role 
in fear expression but not in anxiety. Te fndings 
suggest that fear-related behavior is modulated by 
GR-signaling pathways in the basolateral amygdala, 
whereas pathological anxiety may result from 
altered GR signaling in excitatory circuits in several 
brain areas, including the bed nucleus of the stria 
terminalis—which is also potentially involved in 
AUD and PTSD. 

CRH and its receptors are expressed not only 
in stress-responsive areas, but also in areas of the 
fear- and threat-processing circuits, including in the 
basolateral amygdala and CeA. It has been shown 
that infusion of CRH or CRH binding protein into 
the basolateral amygdala prior to fear extinction 
impairs extinction recall without afecting extinction 
acquisition.84 In contrast, a CRH receptor antagonist 
improved extinction recall. A study that used a 
conditional knockout mouse model demonstrated 
similar results.85 Deletion of the alpha1 subunit of 
the GABAA receptor in CRH-expressing amygdala 
neurons resulted in increased CRH expression in the 
amygdala. Consequently, anxiety behavior increased, 
and extinction of conditioned fear was impaired, 
which coincided with increased corticosterone 
levels in plasma. 

Stress hormones and alcohol intake 
Many individuals with AUD show altered HPA axis 
function, raising the strong possibility that HPA 
axis dysfunction contributes to the development 
of AUD. Several studies with animal models also 
demonstrated that the HPA axis plays a direct role 
in the control of alcohol drinking. For instance, 
administration of corticosterone into the body 
or brain of rats increased their voluntary alcohol 
drinking, whereas administration of a corticosterone 
synthesis inhibitor or the removal of the adrenal 
glands caused decreased alcohol intake.86,87 

Furthermore, a recent study demonstrated that 
attenuation of GR signaling reduced compulsivelike 
alcohol intake in alcohol-dependent rats and reduced 
both excessive drinking and alcohol craving in 
recently abstinent individuals with AUD.88 

Given that alcohol increases dopamine release in 
the nucleus accumbens in animals89 and humans,90 

glucocorticoids may be involved in voluntary alcohol 
consumption via direct action on mesocorticolimbic 
reward systems where GRs are abundantly expressed. 
A study that used a mouse model demonstrated that 
selective ablation of GRs in dopaminergic neurons 
in the brain, or of dopamine receptor D1-expressing 
medium spiny neurons in the striatum, highly 
reduced the fring rate of dopamine neurons.91 In the 
same study, mice with GR ablation in D1-expressing 
neurons, not in dopaminergic neurons, displayed 
decreased self-administration of cocaine. Tese 
fndings suggest that GRs act on the postsynaptic 
neurons of the dopaminergic system via negative 
feedback from the nucleus accumbens to the VTA to 
increase the propensity to self-administer drugs. 

In addition to the role of MRs in glucocorticoid 
regulation, aldosterone and MRs are the principal 
modulators of blood pressure and extracellular 
volume homeostasis via renal sodium reabsorption 
and potassium excretion. Although MRs are 
expressed in various brain areas, including in the 
amygdala and hippocampus, their role in stress 
modulation and alcohol consumption historically has 
received less attention. Nevertheless, recent studies 
with rodents, nonhuman primates, and humans have 
implicated the importance of the aldosterone and 
MR pathway in alcohol drinking and in alcohol-
seeking behavior.92 Since MRs are also abundantly 
expressed in the dopaminergic system, future 
studies using conditional knockout mouse models 
are needed to determine whether these receptors 
contribute to alcohol intake and dependence in a 
manner specifc to cell types or brain areas. 

CRH and its receptors are also involved in alcohol 
behavior. In a free-choice paradigm with water and 
increasing concentrations of alcohol, mice lacking 
functional CRHR1 receptors increased alcohol 
intake after repeated episodes of social defeat stress.93 

Notably, these mutant mice did not increase alcohol 
intake during or immediately after stress, but they 
did signifcantly increase intake 3 weeks later. 
Furthermore, this increased alcohol intake persisted 
at 6 months after the stress exposure. Tese fndings 
suggest that the stress response in the HPA axis may 
require some time for adaptation to concurrent 
alcohol and stress exposure. 
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Alcohol-induced stress hormone response 
A large body of data suggests that alcohol is a robust 
activator of the HPA axis. As an example, in one 
study, plasma glucocorticoids in humans increased 
during acute and chronic alcohol consumption 
and during the initial phase of the alcohol 
withdrawal period.94 In another study, peripheral 
injection of alcohol into rats stimulated HPA axis 
activity, including activating the hypothalamic 
paraventricular nucleus, CRH release, and 
ACTH release.95 

Other neuropeptide systems associated 
with stress and alcohol 
In addition to CRH, numerous neuropeptides 
have been shown in various animal models to be 
afected by stress or to be involved in the stress 
response. Studies on postmortem brain samples 
showed that other neuropeptides and their 
receptors could be suitable targets for PTSD and 
AUD treatments. Tese neuropeptides include 
substance P, neuropeptide Y, vasopressin, and 
pituitary adenylate cyclase–activating polypeptide. 
Progress in identifying their roles in stress and 
alcohol consumption has been facilitated by recent 
preclinical investigations, but we summarize the 
fndings related to only two of those neuropeptides. 

Substance P, with its preferred neurokinin 1 (NK1) 
receptor, is highly expressed in the amygdala and 
nucleus accumbens. Stressors induce substance P 
release in the amygdala, and pharmacologic blockade 
of NK1 receptors inhibits amygdala-associated 
behavioral responses in rodents.96 Mice genetically 
defcient in NK1 receptors have displayed 
decreased voluntary alcohol consumption and a 
loss of conditioned place preference for opiates.97,98 

Furthermore, in a study of recently detoxifed 
patients with AUD, treatment with an NK1 receptor 
antagonist suppressed spontaneous alcohol cravings 
and blunted cravings induced by a challenge 
procedure.97 

Neuropeptide Y is well-known for opposing efects 
of CRH, reducing stress and anxiety, and decreasing 
alcohol intake in rodents. Both neuropeptides and 
their receptors are abundant in the amygdala and 
extended amygdala, including in the bed nucleus 
of the stria terminalis. A recent study showed that 
neuropeptide Y suppressed binge drinking in mice 

by inhibiting the activity of CRH neurons through 
a neuropeptide Y1 receptor–mediated Gi signaling 
pathway that enhances the ability of GABA to 
generate inhibitory currents postsynaptically.99 

Chemogenetic activation of CRH neurons in the bed 
nucleus of the stria terminalis blocked the inhibitory 
efects of Y1 receptor activation on binge drinking. 
Te same study demonstrated that chronic alcohol 
drinking led to persistent alterations in neuropeptide 
Y1 receptor function and suggested that shifts in 
the balance between neuropeptide Y and CRH 
might change an individual’s vulnerability to binge 
drinking cycles. Moreover, medications that alter 
this balance could be a good approach for treating 
binge drinking. 

Sex-Dependent Differences 
Awareness is increasing regarding the crucial roles 
that neuronal circuits and hormones play in fear 
and reward processing diferences between men and 
women. For example, researchers have reported that 
women sufer from anxiety and PTSD more than 
men,100 and that women use alcohol and opioids 
more frequently than men to handle anxiety.53 

Although research on sex-related diferences in 
comorbid PTSD and AUD is still in its infancy, 
recent clinical and preclinical studies have started 
disentangling the neurobiological mechanisms that 
may place men and women at diferent risk for the 
development of each disorder. For example, upon 
stress cue exposure, men display greater activation 
in the PFC, amygdala, and hippocampus than 
women, whereas women showed greater alcohol 
cue–related activity in brain regions associated with 
high-level cognitive processing.53 Furthermore, 
several studies in rodents have shown sex-related 
diferences in neuronal morphology and in sex-
hormone receptor expression in fear circuits, 
including in the PFC.101 Tese sex-related anatomical 
and molecular diferences contribute to disparate 
functionality in the fear circuits. For example, in a 
rat study, researchers found that PFC function was 
important for fear extinction recall in males, but it 
was critical to fear extinction in females.102 Similarly, 
sex-related diferences have been detected in the VTA 
dopaminergic system, and sex hormones have been 
implicated in diferential responsiveness to drugs 
of abuse.103 
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Conclusions and Future 
Research Needs 
Epidemiological studies suggest that the diagnosis 
of PTSD represents a major risk factor for the 
development of AUD, as PTSD symptoms drive 
excessive alcohol consumption, and AUD worsens 
PTSD symptoms. Findings from the studies 
discussed in this article show that a vast array of 
neurobiological and neuroendocrine changes occur 
in fear/anxiety and reward/addiction circuitry, as 
well as in the HPA axis. Analogous changes that 
occur in overlapping brain areas and high rates of 
AUD and PTSD comorbidity suggest that these 
disorders share a common neurobiological etiology. 

It has been extremely difcult to systematically 
delineate the neural basis of comorbidity. 
Comorbidity may be due to a conjunction of 
independent risk factors, shared risk factors from 
two disorders, or a multiform expression of one 
of the disorders. In this review, we focused on the 
comorbidity in a context in which one disorder 
causes the other through dysfunctions in shared 
neural circuitry. Since the activity of a brain 
area interacts with and afects other brain areas 
via mutually connected pathways, investigating 
comorbid AUD and PTSD in human and animal 
studies is challenging. However, the development 
of advanced neuroimaging has enabled an 
assessment of structural and functional brain 
network architecture at an unprecedented level 
of detail. New theoretical frameworks combined 
with network approaches are needed to focus more 
on the dimensional and complex nature of brain 
disorders.104 

Modeling the comorbid condition in nonhuman 
animals is crucial, because circuit manipulations 
and monitoring single-neuronal activity in specifc 
pathways and cell types will provide a better 
snapshot of causal relationships between PTSD 
and AUD. Although several studies have used 
rodent models to examine comorbid PTSD and 
AUD,105 preclinical studies have been challenging 
because of the wide array of stress procedures, 
diferent time courses of pathological behavior 
development, and individual diferences within a 
model. However, technological progress in the next 
generation of optical, molecular, and observational 
tools ofers a productive direction for future 

research using preclinical models. System-level 
interrogation with greater specifcity may lead to 
identifying pathophysiological abnormalities and 
formulating coherent principles that explain the 
interactions between these disorders. Ultimately, 
the promise is that this knowledge may translate to 
hypothesis-driven, individual clinical interventions 
and therapeutic strategies for treating comorbid 
PTSD and AUD. 
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Functional and Psychiatric 
Correlates of Comorbid 
Post-Traumatic Stress 
Disorder and Alcohol 
Use Disorder 

Elizabeth Straus, Moira Haller, Robert C. Lyons, and Sonya B. Norman 

Post-traumatic stress disorder (PTSD) and alcohol use disorder (AUD) 
are common comorbid conditions that affect large segments of the 
population. Individuals with comorbid PTSD/AUD face greater clinical and 
functional stressors than those with diagnoses of either PTSD or AUD alone. 
The purpose of this article is to review the phenomenology and functional 
associations of PTSD/AUD and address the common social, occupational, 
and psychological concerns associated with both disorders. Given the 
increased problems associated with comorbid PTSD/AUD, clinical and 
research efforts should focus on targeting functional and psychosocial 
problems in conjunction with psychiatric symptoms. 
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Introduction 
Post-traumatic stress disorder (PTSD) and alcohol use disorder (AUD) 
frequently co-occur. In the general population, approximately one-third 
of individuals with lifetime PTSD also meet criteria for lifetime AUD.1 

In substance use treatment samples, up to two-thirds of those with AUD 
meet criteria for PTSD.2,3 Comorbid PTSD/AUD is associated with a 
more complex and severe profle than either disorder alone, including 
greater rates of having experienced childhood maltreatment, increased 
psychiatric comorbidities and reported symptom distress, decreased 
psychosocial functioning, and poorer prognosis.1,4 

Despite the psychosocial impairment associated with PTSD/AUD, 
reviews on the comorbidity have largely focused on the clinical and 
neurobiological correlates associated with both disorders. Reviewing 
the psychosocial and functional burden of comorbid PTSD/AUD may 
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improve understanding regarding the disorders 
and advance standards of care for a largely 
underserved population. Te purpose of this 
review is to examine the clinical phenomenology, 
functional associations, and psychosocial 
factors associated with comorbid PTSD/AUD. 
Suggestions for future research and clinical 
practice are provided. 

Diagnostic Classifcations 
of PTSD and AUD 
According to the ffth edition of the Diagnostic 
and Statistical Manual of Mental Disorders, PTSD 
develops as a result of trauma exposure that 
included actual or threatened death, serious injury, 
or sexual violence (Criterion A).5 Common forms 
of trauma exposure include natural disasters, car 
accidents, combat, and physical or sexual abuse. 
Exposure must be either directly experienced, 
witnessed, learned about in the case of a close 
family or friend, or indirectly experienced in the 
course of one’s professional duties. 

PTSD is characterized by four symptom 
clusters, which must be present for at least 
1 month.5 Te re-experiencing cluster (Criterion 
B) includes symptoms that are intrusive in nature 
and cause emotional or physiological reactivity 
(e.g., intrusive memories and psychological or 
physiological distress related to trauma reminders). 
Avoidance of internal or external trauma-related 
reminders (Criterion C; e.g., avoidance of 
memories, thoughts, people, or places associated 
with the traumatic event) is a prominent symptom 
cluster that contributes to the development and 
maintenance of PTSD. Negative alterations in 
cognition and mood (Criterion D) and alterations 
in arousal and reactivity (Criterion E) include 
exaggerated cognitive (e.g., negative beliefs about 
oneself, others, or the world), emotional (e.g., 
persistent negative emotional states and feelings of 
detachment or estrangement), and physiological 
responses (e.g., hypervigilance and problems 
with concentration) that appear or worsen after 
the traumatic event. In addition, the diagnosis 
requires that the symptoms cause either signifcant 
distress or functional impairment in social or 
occupational domains. 

Symptoms of AUD fall within four domains:5 

1. Impaired control (e.g., have had times when 
you ended up drinking more, or longer, than 
you intended) 

2. Social impairment (e.g., continued to drink even 
though it was causing trouble with your family 
or friends) 

3. Risky use (e.g., more than once have gotten into 
situations while or after drinking that increased 
your chances of getting hurt, such as driving, 
swimming, using machinery, walking in a 
dangerous area, or having unsafe sex) 

4. Physical dependence (e.g., having to drink 
much more often than you once did to get the 
efect you want) 

Te diagnosis requires that at least 2 out of the 
11 symptoms are met within the same 12-month 
period. Te severity of impairment is based on 
the number of present symptoms (mild = 2 to 3, 
moderate = 4 to 5, or severe = 6 or more). Although 
diagnostically distinct, AUD and PTSD diagnoses 
share common psychosocial risk factors, and both 
result in impairments across multiple domains. 

Functional Associations Between 
PTSD and AUD 
Te high rates of comorbidity between PTSD and 
AUD necessitate the question of why these disorders 
frequently co-occur. Several causal mechanisms may 
link PTSD and AUD. (See the box Functional 
Association Models for a summary of these 
models.) First, the self-medication hypothesis posits 
that individuals use alcohol to cope with PTSD 
symptoms, such that PTSD causally infuences risk 
for AUD. For instance, individuals with PTSD 
may use alcohol to improve sleep, irritability, or 
hypervigilance. Second, the high-risk hypothesis 
suggests that alcohol use may enhance the risk 
for PTSD by increasing the likelihood of trauma 
exposure or by impairing the detection of danger 
cues in the environment. Tird, the susceptibility 
hypothesis theorizes that alcohol use may make 
individuals who have been exposed to trauma 
more vulnerable to its deleterious efects, thereby 
increasing risk for PTSD. AUD may increase 



   
 

     
   

   
 

    
   

  
     

  

   
 

    
  

   
 

   
  

  

    
    

   
   

 

 

  
 

Functional Association Models 

Self-Medication 

PTSD increases risk 
for AUD. 
• Alcohol use is an 

attempt to reduce PTSD 
symptoms. 

High Risk 

AUD increases risk 
for PTSD. 
• Alcohol use impairs 

detection of danger cues 
in the environment. 

• Alcohol use increases the 
risk of trauma exposure. 

Susceptibility 

AUD increases risk 
for PTSD. 
• Alcohol use interferes 

with emotional 
processing after exposure 
to trauma. 

• Alcohol withdrawal 
symptoms increase 
anxiety and hyperarousal. 

Shared Vulnerability 

PTSD and AUD have 
similar risk factors and the 
association is noncausal. 
Risk factors can be: 
• Genetic 
• Environmental 
• Individual 

(e.g., personality) 

 

      
     
      

     
      

        
 

      
       

       
       

      
       

       
     

     
       

      
       
      

       
       

     
      

      
      

       
      

      
       

       
       

       
      

         
        

     
         

 
      

      
       

     
       

      
       
      

       
        

        
      

       
       
       

         
       

      
       

      
       
     

     
      
      

susceptibility to PTSD by interfering with emotional 
processing following trauma exposure or by 
increasing anxiety or hyperarousal due to withdrawal 
symptoms.6 Finally, the shared vulnerability 
hypothesis posits that shared risk factors account 
for both PTSD and AUD, and their association 
is noncausal. 

Te self-medication hypothesis posits that having 
PTSD increases the risk for developing AUD, as 
individuals with PTSD may attempt to alleviate 
PTSD symptoms through the use of alcohol. A large 
body of evidence supports this hypothesis.4,7-10 For 
instance, data from a large, nationally representative 
sample demonstrated that using alcohol with the 
intent of reducing PTSD symptom distress was 
signifcantly associated with a lifetime history of 
AUD.4 Further, using longitudinal data from a 
community sample, Haller and Chassin found that 
PTSD symptoms predicted higher levels of later 
alcohol and drug problems, even when controlling 
for the efects of trauma exposure itself, pretrauma 
substance use, and pretrauma family risk factors that 
increase risk for both PTSD and AUD.7 

Treatment studies also provide support for the 
self-medication hypothesis. For example, in a 
sample of women seeking treatment, improvement 
in PTSD symptom severity was associated with 
reduced substance use; however, substance use 
improvement was not related to decreased PTSD 
symptoms.11 Tese fndings suggest that changes in 
PTSD symptoms may drive patterns of substance 
use, as posited by the self-medication hypothesis. 

Stewart and Conrod summarized the research on the 
association between both disorders by concluding 
that “PTSD has been shown to develop before the 
SUD [substance use disorder] in the large majority 
of comorbid cases in retrospective studies, and 
PTSD has been shown to increase risk for SUDs in 
prospective studies.”12(p37) 

While several studies fnd support for a self-
medication mechanism that may lead individuals 
with PTSD to develop drug and alcohol 
disorders,13,14 other studies specifcally examining 
alcohol outcomes have failed to support a self-
medication pathway causally linking PTSD to 
AUD.15 In a prospective longitudinal study of 
Persian Gulf War veterans, PTSD symptom clusters 
did not predict subsequent alcohol use concerns, 
although they did predict illicit drug use.14 Similarly, 
PTSD was not found to directly infuence later 
problem drinking in a longitudinal study of women 
survivors of sexual assault.15 Tese studies refect the 
complex relationship between PTSD and AUD and 
highlight the need to consider moderating factors 
and other mechanisms of risk. For instance, it may 
be that the functional association between PTSD 
and AUD varies based on both the form of trauma 
exposure and the type of substance use disorder. 

Both the high-risk and susceptibility hypotheses 
suggest that AUD causally increases the risk for 
PTSD. Studies examining these hypotheses have 
generated mixed fndings, with certain studies 
supporting only the high-risk hypothesis,16,17 others 
supporting only the susceptibility hypothesis,18 and 
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some, when controlling for other risk factors, failing 
to support either hypothesis.19 Age and type of 
trauma may play a role in these mixed fndings. At 
least two studies indicated that binge drinking7 and 
other high-risk behaviors (i.e., delinquent behavior, 
alcohol use, and drug use)20 during adolescence 
increased the likelihood of later exposure to assaultive 
violence (e.g., rape and physical assault), which 
carries an especially high risk for developing PTSD 
compared to other trauma types.21 Haller and 
Chassin found that although adolescent substance 
misuse conferred risk of exposure to assaultive 
violence, it did not increase the overall risk for 
trauma exposure.7 Tese fndings suggest that alcohol 
use during adolescence may lead to PTSD as a result 
of the type of associated trauma exposure. 

Shared environmental, genetic, and individual 
(e.g., personality) factors may also contribute to the 
overlap between PTSD and AUD in a noncausal 
manner. Behavioral genetic research indicates 
that heritable infuences common to alcohol and 
drug use disorders account for 15.3% of PTSD 
variance,22 and genetic factors that contribute 
to trauma exposure and PTSD among women 
correlate (r = .54) with factors that contribute to 
AUD.23 Parental psychopathology and associated 
familial risk factors, such as family confict/stress and 
exposure to childhood adversity, may also be shared 
risk factors for PTSD and AUD.24,25 Moreover, 
adverse childhood environments are associated with 
individual vulnerabilities and personality factors that 
may further increase risk for PTSD and AUD. 

Relatedly, a variant of the shared vulnerability 
model—the trait vulnerability model—hypothesizes 
that PTSD symptoms may augment preexisting traits 
that confer risk for problems with alcohol. Multiple 
studies support this hypothesis.26,27 In particular, 
externalizing behavior (e.g., anger and aggression) 
appears to indirectly confer risk of both PTSD and 
AUD. In a community sample, PTSD was associated 
with an increase in early adulthood externalizing 
behavior that, in turn, was associated with alcohol 
misuse later in adulthood.26 Similarly, in a large 
sample of college students, PTSD was associated 
with increased disconstraint (i.e., the tendency to 
engage in risky or impulsive behavior), which was 
then associated with alcohol use problems.27 

It is important to note that shared risk factors 
for PTSD and AUD may difer based on gender. 
For instance, in a study using a college sample, 

diferent facets of emotion regulation (e.g., problems 
controlling impulses and engaging in goal-directed 
behavior) for men and women were associated with 
PTSD and the alcohol-related consequences.28 In 
men, PTSD symptoms were related to increased 
impulse control difculties, which, in turn, were 
associated with alcohol-related consequences. In 
women, PTSD was associated with difculties 
engaging in goal-directed behavior, which, in 
turn, were associated with an increase in alcohol-
related consequences. However, this study used 
a cross-sectional design, so it is not possible to 
infer a temporal association between the variables. 
Nonetheless, these fndings underscore the need 
for models to account for the contribution of 
shared factors common to both PTSD and AUD, 
while also considering how such factors may vary 
based on gender. 

Regardless of the causal mechanisms or 
shared factors responsible for the emergence of 
PTSD/AUD, once both disorders exist, it is possible 
that they mutually maintain and exacerbate one 
another (mutual maintenance model). For instance, 
alcohol may be used to attempt to suppress PTSD 
symptoms, but repeated use may interfere with 
natural recovery from trauma and also lead to 
physiological efects that heighten anxiety. As a 
result, PTSD symptoms and alcohol misuse may 
exert bidirectional infuences on each other over 
time. A number of fndings provide evidence of a 
bidirectional relationship between the disorders. For 
instance, in a sample of individuals seeking treatment 
for substance use disorder, avoidance symptoms (e.g., 
evading trauma-related reminders) were signifcantly 
elevated in patients with AUD, when compared to 
patients without AUD.29 Te authors suggested that 
individuals with PTSD/AUD initially may have 
used alcohol in an attempt to alleviate avoidance 
symptoms, however, alcohol use could have 
subsequently exacerbated their avoidance. Further, 
in a sample of adults, PTSD symptoms predicted 
risk of AUD symptoms and vice versa, although the 
bidirectional relationship was stronger for women.30 

Such fndings are bolstered by the observations of 
individuals diagnosed with PTSD/AUD. Brown and 
colleagues found that patients with PTSD/AUD 
perceived the two disorders to be functionally 
related.31 Tese patients reported that when one 
disorder worsened, the other disorder was also more 
likely to worsen. 

https://related.31
https://women.30
https://consequences.28
https://problems.27
https://adulthood.26
https://types.21
https://hypothesis.19


 

      
    

       
       
        
     

     
      

      
      

      
       
     

      
      

     
      

        
    

   
      

    
    

        
       

      
       
       

      
 

       
     

     
   

      
       

      
     

      
      

    
       

   
  

       
      

        
     

      
      

      
     

      
    

        
   

       
     

      
          

       
       

      
      

        
   

         
       

      
     

      
    

        
      

        
      

        
      

      
        

    
       

       
    

      
       
      

      
      

        
     

      
      

 

Although patient perceptions support the mutual 
maintenance model, empirical evidence regarding 
this model is mixed. In a recent longitudinal study, 
results indicated that PTSD symptoms led to 
alcohol misuse, but alcohol misuse did not appear to 
worsen the severity of PTSD over time.32 Prospective 
daily monitoring designs (measuring day-to-day 
symptom changes) provide a more nuanced method 
of examining comorbid disorders and the mutual 
maintenance model, but results from these studies 
are inconsistent. While some studies have shown 
partial support for both the mutual maintenance and 
self-medication models,9,33 another study supported 
only the self-medication hypothesis.34 Taking these 
mixed fndings into account, Simpson and colleagues 
concluded that PTSD and AUD symptoms do 
infuence one another (mutual maintenance model), 
but that PTSD appears to exert a greater infuence 
on AUD symptoms (self-medication hypothesis), 
rather than the reverse.9 

In summary, research suggests that there are 
multiple nonmutually exclusive pathways that 
underlie comorbid PTSD/AUD. Although 
the greatest body of evidence exists for the self-
medication hypothesis, it is clear that common 
etiological risk factors also contribute to the 
comorbidity. Further, PTSD and AUD may have 
bidirectional infuences on one another that serve to 
mutually maintain and exacerbate the symptoms of 
both disorders. 

Psychosocial Risk Factors 
A substantial body of literature has demonstrated the 
association between having experienced childhood 
maltreatment (e.g., neglect or physical, sexual, or 
emotional abuse) and PTSD/AUD. Convergent 
fndings suggest that biological and environmental 
determinants play a role in the comorbidity. For 
instance, neurobiological data suggest that childhood 
environmental stressors interact with genetic factors 
to contribute to the development of both disorders 
(see Brady and Back for a review).35 Moreover, 
individuals with co-occurring PTSD/AUD are more 
likely than those with PTSD or AUD alone to have 
experienced childhood maltreatment and other 
childhood environmental stressors.1 

Te heightened rate of childhood stressors in 
PTSD/AUD samples holds across diverse groups. 

In a nationally representative sample in the United 
States, individuals with comorbid PTSD/AUD 
had greater odds of having experienced childhood 
maltreatment (i.e., neglect or verbal, physical, 
or sexual abuse) and environmental stressors 
(i.e., vulnerable family environment, parental 
divorce, parental behavioral problems, or parental 
alcohol/drug problems) than individuals with 
either disorder alone.1 Similarly, in a small Austrian 
community sample, individuals with co-occurring 
PTSD/AUD were more likely to have experienced 
childhood sexual abuse (younger than age 16) or 
other adverse childhood stressors (e.g., growing 
up in the foster care system) than those who had 
PTSD only.36 Moreover, on average, those with 
PTSD/AUD were exposed to trauma a decade 
earlier than individuals with PTSD only. Tese 
fndings suggest that childhood maltreatment and 
environmental stressors may lead to an increased risk 
of developing comorbid PTSD/AUD. 

To add further support to this claim, a number 
of studies indicate that childhood maltreatment is 
associated with more severe and complex PTSD 
and AUD symptom profles. Compared with 
trauma exposure during adolescence or adulthood, 
childhood maltreatment is associated with a longer 
course of PTSD,37 earlier onset of alcohol use and 
heaviest drinking periods,38 greater alcohol cravings 
in response to trauma cues,39 and increases in 
trauma-related symptom complexity (defned as the 
number of symptoms over a specifed cutof).40 Te 
nature of childhood maltreatment also appears to 
uniquely afect psychiatric outcomes. In a sample 
of primary care patients in an urban community, 
greater childhood trauma exposure predicted 
higher PTSD total symptom severity scores, when 
controlling for level of adulthood trauma exposure.41 

Furthermore, increases in childhood maltreatment 
exposure predicted greater alcohol use symptom 
severity, even when PTSD symptoms were held 
constant. Such fndings may be explained, in part, 
by the characteristics of childhood maltreatment 
(e.g., chronic exposure perpetrated by attachment 
or authority fgures) and the efects on the 
developing brain.42 Overall, the fndings from these 
studies highlight the heightened rate and impact 
of childhood maltreatment for individuals who 
have PTSD/AUD. 
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Psychosocial Outcomes 
Comorbid PTSD/AUD is also associated with 
a range of deleterious mental health problems. 
A number of studies have demonstrated that in 
comparison to either disorder alone, co-occurring 
PTSD/AUD is associated with increased 
depression and anxiety, more severe PTSD and 
AUD symptoms,1,43,44 a greater likelihood of 
additional psychiatric comorbidities,45 and higher 
rates of suicide attempts.1,4 Given the severity 
of the mental health problems associated with 
co-occurring PTSD/AUD, it is not surprising that 
individuals with both diagnoses also experience 
psychosocial impairments across social, fnancial, and 
occupational domains. 

Although the construct of social support is 
multidimensional and its association to trauma 
outcomes is varied,46 greater perceived social support 
likely serves as a protective factor against trauma-
related disorders47 and is inversely associated with 
PTSD symptom severity48 and problematic alcohol 
use.49 Te presence of PTSD and AUD, however, is 
associated with poorer social functioning. Although 
the existing literature has primarily focused on the 
relationship between social support variables and 
PTSD or AUD alone, a small body of work has 
investigated the social functioning defcits associated 
with comorbid PTSD/AUD. 

In a study conducted by Riggs and colleagues, 
treatment-seeking individuals with comorbid 
PTSD/AUD were less likely to report living with 
a signifcant other (14%) than individuals with a 
single diagnosis of PTSD (42%) or AUD (56%).50 

Te specifc pattern of social network problems was 
explored using a nationally representative sample in 
which individuals with comorbid PTSD/AUD were 
compared with those who had no psychopathology 
or who had either disorder alone.51 Individuals with 
comorbid PTSD/AUD experienced more problems 
with family support and apprehension (e.g., 
distress, discomfort, and anxiety) about engaging 
in close interpersonal relationships than individuals 
with either no diagnosis or a single diagnosis of 
PTSD or AUD. 

Te limited research on comorbid PTSD/AUD 
and functional impairments prompted Drapkin 
and colleagues to evaluate additional psychosocial 
factors (employment status, education level, 

income, and relationship status) across three 
samples of individuals seeking treatment.52 Te 
samples consisted of individuals with comorbid 
PTSD/AUD, PTSD only, and AUD only. 
Interestingly, while comorbid PTSD/AUD was 
not associated with greater PTSD and AUD 
symptom severity (excluding alcohol craving), it 
was related to increased psychosocial impairment 
across multiple domains. Fewer individuals with 
co-occurring PTSD/AUD were employed or had 
a college education, when compared to those with 
either disorder alone. Furthermore, individuals 
with co-occurring PTSD/AUD were less likely than 
those with only PTSD or AUD to be living with a 
romantic partner. However, the authors noted that 
racial and gender diferences across the groups could 
limit the validity of their results. While preliminary, 
these results suggest that both mental health and 
psychosocial defcits frequently afect individuals 
with comorbid PTSD/AUD. 

Clinical and Research Implications 
Despite the many mental health and psychosocial 
problems associated with PTSD/AUD, a signifcant 
portion of individuals do not seek treatment for 
either disorder.1 Epidemiological studies reveal that 
only approximately one-quarter of individuals with 
AUD or PTSD diagnoses engage in disorder-specifc 
treatment.53-55 Furthermore, when individuals 
with comorbid PTSD/AUD do initiate treatment, 
attrition rates are high and treatment efect 
sizes are small. 

Te literature discussed in this review highlights 
the many reasons why treatment retention and 
outcomes may be poor in this population. In 
particular, psychosocial concerns, including 
functional problems in social, educational, and 
occupational domains, disproportionately afect 
those with comorbid PTSD/AUD. Treatment 
studies with individuals who have comorbid 
PTSD/AUD have focused primarily on developing 
new treatments or modifying existing treatments to 
improve symptom outcomes. Te fndings of this 
review suggest that targeting functional problems 
and psychosocial stressors may help people with 
comorbid PTSD/AUD engage in treatments and 
achieve better outcomes. Multiple researchers50,56 

have posited that the psychosocial factors associated 

https://treatment.52
https://alone.51


 

    
        

     
     

         
       

    
      

       
      

        
    

        
       

       
     

   
        

      
      

     
      

       
    

     
       

     
      

     
     

     
     
      

     
 

     
       

       
      

      
    

    
      

      
    

    
      

    
    

     

     
     

 
       

      
    

    
     

 

      
      

    
     

      
      

     
    

     
     

       
      

     
    

      
      

       
   

    
   

      
      

     
      

      
    

    
      

      
       

    
     

     
   

with comorbid PTSD/AUD could partially account 
for the high attrition rates in randomized controlled 
trials, and that modifcations to decrease psychosocial 
barriers to treatment may be critical. For instance, 
in a small study of veterans with comorbid PTSD 
and substance use disorder, all nine participants 
initiated and successfully completed prolonged 
exposure therapy while in a residential treatment 
program.57 Although the sample size was small, 
these preliminary fndings highlight the potential 
of higher levels of care (e.g., intensive outpatient or 
residential treatment) to directly target psychosocial 
risk factors, such as decreased social support and 
housing issues, and, by doing so, improve PTSD 
treatment engagement. Further research is needed to 
examine the efectiveness of providing treatment for 
PTSD/AUD within higher levels of care. 

Future research is also needed to continue to assess 
the relationship between key areas of psychosocial 
concerns and treatment outcomes in individuals 
with comorbid PTSD/AUD. Given the literature55 

and current clinical practice guidelines put forth 
by the U.S. Department of Veterans Afairs and 
the American Psychological Association,58,59 which 
support the provision of trauma-focused treatments 
in comorbid populations, it will be important to 
continue to work toward improving initiation 
and completion of gold-standard treatments for 
PTSD among individuals with PTSD/AUD. 
Te efectiveness of supplemental interventions 
designed to target nonclinical stressors (e.g., 
fnancial problems, occupational difculties, and 
reduced social support) that might interfere with 
treatment engagement and completion should also 
be evaluated. 

Such supplemental interventions may be 
designed and implemented at the program level 
(e.g., through higher levels of care, multidisciplinary 
models of care, or case management services) or 
at the individual level (e.g., through psychosocial 
assessments, gender-specifc interventions, or 
developmental and patient-centered approaches 
to case conceptualization). Also, the delivery 
method for interventions may target the clinical 
and functional difculties associated with comorbid 
PTSD/AUD. For instance, implementing 
interventions within a group context may bolster 
social support. Peer support programming, which 
emphasizes recovery-oriented and person-centered 
services, may facilitate positive social interaction 

and enhance individual self-efcacy within the 
treatment setting. Lastly, future research should 
examine whether preventive interventions designed 
to increase psychosocial resources are efective in 
reducing the likelihood of developing comorbid 
PTSD/AUD. For instance, enhancing engagement 
and functioning in social and occupational 
domains may protect against the development 
of PTSD/AUD. 

Conclusion 
PTSD and AUD commonly co-occur and are 
associated with more complex and severe clinical 
presentations than either disorder alone. Tere 
are multiple etiological pathways that may 
infuence the onset of comorbid PTSD/AUD 
and subsequently maintain and aggravate both 
disorders. Furthermore, comorbid PTSD/AUD is 
associated with more environmental risk factors, 
including a history of childhood maltreatment and 
functional problems (e.g., social and occupational 
concerns), than either disorder alone. Given the 
functional problems and low rates of treatment 
engagement and retention associated with 
PTSD/AUD, future research should evaluate 
the efect of psychosocial problems on treatment 
outcomes. Ultimately, an integrated model of 
care that focuses on both reducing symptoms and 
improving functional capacity across psychosocial 
domains may help improve treatment outcomes 
for this challenging clinical population. 
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The Epidemiology of 
Post-Traumatic Stress 
Disorder and Alcohol Use 
Disorder 

Nathan D. L. Smith and Linda B. Cottler 

For more than 40 years, research has shown that individuals with 
post-traumatic stress disorder (PTSD) use alcohol and experience alcohol 
use disorder (AUD) to a greater degree than those with no PTSD. AUD 
and PTSD have shown a durable comorbidity that has extended through 
decades and through changes in disorder defnitions. Some research 
shows that veterans who have experienced PTSD have a high likelihood 
of developing AUD, perhaps refecting the self-medication hypothesis. 
Other research shows that people with substance use disorder are likely 
to be exposed to traumatic situations and develop PTSD.These two areas 
of research could represent two separate relationships between PTSD 
and AUD. Finally, there is still no clear determination of which cluster of 
PTSD symptoms is most closely associated with AUD. 
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Introduction 
Te harmful use of alcohol has been of interest to doctors for centuries, 
and minimizing the harm caused by alcohol use disorder (AUD) has 
been a priority of psychiatrists in the United States since at least 1917.1 

However, although traumatic experiences are ubiquitous throughout 
human history, it was only after the Vietnam War that psychiatrists 
codifed the harms caused by traumatic stress into a distinct diagnosis.2 

For more than 40 years, it has been known that individuals with 
post-traumatic stress disorder (PTSD) use alcohol and experience AUD 
more than those with no PTSD. Tis link between PTSD and AUD 
subsequently has been broadened beyond Vietnam veterans to include 
veterans of other wars and anyone exposed to trauma. Te considerable 
psychological distress caused by AUD and PTSD, both separately and 
together, afects the lives of millions of men and women, including 
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underrepresented populations, such as people with 
other mental health conditions. 

Disorder Defnitions 
Tis section provides an overview of commonly used 
defnitions and how they have changed over time. 

AUD 
In 1952, the frst edition of the Diagnostic and 
Statistical Manual of Mental Disorders (DSM) 
included “alcoholism” as one of two disorders under 
the category of “addiction.”3 Te pithy, two-sentence 
defnition instructed that an alcoholism diagnosis 
be used in cases of “well-established addiction to 
alcohol.” Since then, the defnition of what is now 
called AUD has been signifcantly expanded and 
refned for each edition of the DSM.2,4-7 

Te third edition of the DSM (DSM-III) was 
published in 1980. In this edition, the disorders were 
called “alcohol abuse” and “alcohol dependence.”2 

A diagnosis of alcohol abuse required: 

• A “pattern of pathological alcohol use,” which was 
defned by features such as the need for daily alcohol 
consumption to function, the inability to reduce 
or stop drinking, remaining intoxicated for at least 
2 days, or blackouts 

• “Impairment in social or occupational functioning 
due to alcohol use,” which could include violent 
behavior, absences from work, or losing a job 

• “Duration of disturbance of at least 1 month” 

A diagnosis of alcohol dependence required the frst 
two criteria of alcohol abuse, along with indications 
of tolerance (the need to increase the amount of 
alcohol to achieve the desired efect) or withdrawal 
(the development of physical symptoms after 
reducing or discontinuing alcohol consumption). 

Te 1987 revision of the third edition, the 
DSM-III-R, introduced major diagnostic changes 
for alcohol-related disorders. In the DSM-III-R, 
an “alcohol dependence” diagnosis required three 
out of nine possible criteria, and an “alcohol abuse” 
diagnosis required only two.5 Te diagnosis of 
alcohol abuse was to be used only for individuals 
who had alcohol-related problems but did not 
meet the requirements for alcohol dependence. Te 

DSM-IV diagnoses were substantially similar to 
those in the DSM-III-R.6 

In the DSM-5, the terms “alcohol dependence” 
and “alcohol abuse” were removed, and the 
two separate diagnoses were replaced with one 
diagnosis—AUD.7 Te DSM-5 lists 11 symptoms 
for the disorder, and an AUD diagnosis now has 
levels of severity based on the number of symptoms 
presented. Te presence of two to three symptoms 
indicates mild AUD, four to fve symptoms indicate 
moderate AUD, and six or more symptoms indicate 
severe AUD. 

PTSD 
Unlike AUD, PTSD has only been included in 
the DSM since the third edition. In one of the 
frst published articles on the occurrence of PTSD 
in the general population, Helzer and colleagues 
described the inclusion of PTSD in the DSM-III as a 
“compromise” for veterans’ groups and mental health 
personnel advocating for recognition of what was 
commonly called “post-Vietnam syndrome.”8 Adding 
PTSD as a possible diagnosis for anyone who had 
experienced a trauma was a middle ground between 
those who hypothesized that the disorder was unique 
to Vietnam veterans and those who believed it might 
not exist at all. 

In the DSM-III-R and DSM-IV, a PTSD 
diagnosis was defned by experiencing a qualifying 
traumatic event (Criterion A) and three other 
clusters of symptoms: re-experiencing the event 
(Criterion B), emotional numbing and avoidance of 
cues and reminders of the event (Criterion C), and 
hyperarousal (Criterion D).5,6 King and colleagues 
conducted a factor analysis on the Clinician-
Administered PTSD Scale, a measurement tool 
based on the DSM-IV diagnostic criteria, and found 
that these four clusters of symptoms best defned the 
disorder.9 Tis four-cluster model subsequently has 
been used in many examinations of the connections 
between PTSD symptoms and alcohol use. 

Te defnition of PTSD was updated signifcantly 
for the DSM-5.7 Te major changes included: 

• Reclassifcation of PTSD as a trauma- and stressor-
related disorder instead of an anxiety disorder 

• Elimination of the criterion that the person’s 
response to the traumatic event must involve intense 
fear, helplessness, or horror 



 

     
      

     
 

        
        

   
         

      
     

      
       

    
        

      
        

       
        

       
         

      
        

          
        

  

        
      

     
      

     
      
   

       
        

      
        

       
     

       
        
         

    
      

     
      

     
      

       
       

        
       

     
      

     
    

        
         

 
       

     
     

 
        

      
        

         
      

      
         

      
  

      
    

      
      

       
    

         
      

        
     

       
          

      
     

• Addition of the requirement that the symptoms 
cannot be attributed to the physiological efects 
of substance misuse, a medication, or another 
medical condition 

Conditional disorders 
Both PTSD and AUD are conditional disorders; that 
is, both disorders can be diagnosed only if certain 
prerequisite conditions are met—specifcally, a 
traumatic event or alcohol use. In the DSM-III, the 
prerequisite condition for PTSD was “existence of 
a recognizable stressor that would evoke signifcant 
symptoms of distress in almost everyone.”2 In the 
same edition, the section on substance use disorder 
(SUD) referred to “the maladaptive behavior 
associated with more or less regular use of the 
substances.” 

Importantly, analyses can be conducted on the 
risk for the exposure to an event among the entire 
population, and then among those who experienced 
an event. Social determinants of health for the 
diagnoses may vary considerably based on likelihood 
of being exposed to an event or exposure to a 
substance. Conversely, risk for who later develops a 
diagnosis, given exposure, may be diferent as well. 
For this reason, it is important to evaluate both risk 
for exposure as well as risk for a disorder among 
those exposed. 

Prevalence Surveys in 
the United States 
Since the late 1970s, several U.S. surveys have 
collected information on mental health conditions, 
including AUD, SUD, and PTSD. Tese surveys 
include the Epidemiological Catchment Area (ECA) 
program, the National Comorbidity Survey (NCS), 
and the National Epidemiologic Survey on Alcohol 
and Related Conditions (NESARC). 

ECA 
In 1978, the President’s Commission on Mental 
Health concluded that the existing body of research 
could not answer these fundamental questions: What 
is the prevalence of mental health conditions in the 
United States, and are people with mental health 
conditions receiving adequate treatment?10 Te ECA 

was designed to answer these questions.11 Although 
the ECA study did not include a nationwide sample, 
sites were chosen to be representative of the U.S. 
population and included Baltimore, Maryland; 
Durham, North Carolina; Los Angeles, California; 
New Haven, Connecticut; and St. Louis, Missouri. 
Te ECA program used the National Institute 
of Mental Health (NIMH) Diagnostic Interview 
Schedule (DIS) to conduct face-to-face interviews 
with more than 20,000 people.12,13 Te NIMH 
DIS questions were based on DSM-III diagnostic 
criteria. At all fve sites, information on alcohol use 
was collected, and the St. Louis location also assessed 
traumatic event experiences and PTSD.8 

Te ECA program reported that the lifetime 
prevalence of DSM-III alcohol abuse and 
dependence was almost 14%.14 Prevalence varied 
by location, from about 11% in New Haven and 
Durham to about 16% in St. Louis. Individuals who 
had problems with alcohol were almost three times as 
likely to have a co-occurring mental disorder as those 
with no alcohol problem. Antisocial personality 
disorder and SUD were the most common 
co-occurring disorders. 

Te information collected at the St. Louis location 
provided one of the frst estimates of the prevalence 
of PTSD in the general population. Of the 2,493 
participants, about 16% were exposed to at least one 
qualifying traumatic event.8 Of this group, about 
8.4% developed PTSD.15 Also, individuals who 
met criteria for PTSD were more likely to report 
alcohol-related problems than those who did not 
meet PTSD criteria. 

NCS 
Te Survey Research Center at the University of 
Michigan’s Institute for Social Research conducted 
a national study of comorbidity between 1990 
and 1992.16 Trained interviewers administered a 
modifed version of the World Health Organization’s 
Composite International Diagnostic Interview 
(CIDI), which was based on the DIS, to 8,098 
individuals representing the contiguous 48 states. 
Te NCS used the DSM-III-R defnitions to assess 
alcohol dependence, alcohol abuse, and PTSD. 

In the NCS sample, qualifying PTSD traumatic 
events were reported by 61% of men and 51% of 
women.16 Although more men reported experiencing 
traumatic events than women, women who 
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experienced trauma were more than twice as likely 
than men to develop PTSD (20% vs. 8%). About 
14% of the sample met criteria for lifetime alcohol 
dependence.17 Also, respondents who met criteria 
for PTSD were more than twice as likely to report 
co-occurring alcohol abuse or dependence, and they 
were almost three times as likely to report drug abuse 
or dependence.16 

NESARC Waves 1 and 2 
Te NESARC studies conducted in 2001 to 2002 
(Wave 1) and 2004 to 2005 (Wave 2) collected 
nationally representative data on AUD and other 
mental disorders using the Alcohol Use Disorder 
and Associated Disabilities Interview Schedule 
(AUDADIS), which was designed by the National 
Institute on Alcohol Abuse and Alcoholism 
(NIAAA). Te AUDADIS interview questions, 
heavily based on the CIDI, used DSM-IV criteria. 
NESARC Wave 2 consisted of 34,653 face-to-face 
interviews with individuals previously interviewed 
in Wave 1.18 According to data from Wave 2, the 
lifetime prevalence of alcohol abuse was found to be 
about 27% for men and 13% for women, and the 
lifetime prevalence of alcohol dependence was about 
21% for men and 10% for women.19 

Te survey data showed that 77% of the 
respondents had experienced a qualifying traumatic 
event, as defned by the DSM-IV.18 Te most 
commonly reported stressful life events were indirect 
experience of 9/11, serious illness or injury to 
someone close, and unexpected death of someone 
close. Of those who had experienced a trauma, 
about 8% developed PTSD. Individuals with 
PTSD were more likely to report mood disorders, 
anxiety disorders, SUD, and suicidal behavior than 
respondents without PTSD. Also, respondents 
with PTSD were more likely than those without 
PTSD to have co-occurring AUD, after controlling 
for sociodemographic factors such as age and race. 
However, this association was no longer signifcant 
when the analysis controlled for other co-occurring 
mental health conditions in addition to the 
sociodemographic characteristics. 

NESARC-III 
Te most recent NESARC interviews, conducted 
between 2012 and 2013, included a representative 

sample of 36,309 adults in the United States, and 
DSM-5 criteria were used.20 According to data 
from the NESARC-III, lifetime prevalence of 
AUD was 29%, and past 12-month prevalence 
was about 14%.21 Prevalences were higher among 
men, Whites, Native Americans, younger adults, 
and those who were previously married or never 
married. Te lifetime prevalence of severe AUD 
was about 14%, and the past 12-month prevalence 
was more than 3%. Less than 20% of respondents 
who experienced AUD in their lifetime ever sought 
treatment for the condition. 

In the NESARC-III sample, about 69% of 
respondents had experienced a qualifying traumatic 
event.22 Of this group, almost 9% met lifetime 
criteria for PTSD, and almost 7% met the criteria in 
the previous 12 months. Rates were higher among 
younger adults, Whites, Native Americans, and 
those with less education and lower incomes. PTSD 
was signifcantly associated with other psychiatric 
conditions, such as SUD, mood disorders, anxiety 
disorders, and personality disorders. Specifcally, 
respondents who had PTSD, versus those who did 
not, were 1.5 times as likely to meet criteria for SUD 
and 1.2 times as likely to meet criteria for AUD 
in their lifetime, even after adjusting for other 
psychiatric disorders. 

Prevalence Surveys Outside the 
United States 
Trough many decades, despite numerous defnition 
changes for each, AUD and PTSD consistently 
co-occur. Tis durable comorbidity has been 
found in large, small, representative, and targeted 
samples. U.S. surveys, such as the St. Louis sample 
of the ECA,8 the NCS,16 and the NESARC,23 have 
consistently found relationships between alcohol 
problems and PTSD. 

Co-occurrence of AUD and PTSD has also been 
found in Europe, where rates of trauma exposure and 
PTSD vary greatly from country to country.24 In a 
2004 analysis of a survey of the general population 
of six European countries, the European Study 
of the Epidemiology of Mental Disorders, which 
used the DSM-IV criteria for disorders, researchers 
reported that individuals with PTSD were twice as 
likely than those without PTSD to have co-occurring 
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alcohol abuse and were three times as likely to have 
co-occurring alcohol dependence.25 An examination 
of the 1997 National Survey of Mental Health and 
Wellbeing, an Australian survey of more than 10,000 
individuals, reported that about 1 in 4 individuals 
with PTSD also had AUD.26 

Co-Occurring Disorders 
Some populations, such as military veterans and 
people with SUD, are at high risk for comorbidities, 
including co-occurring AUD and PTSD. For 
example, in one study of a sample of individuals 
seeking treatment for SUD, alcohol misuse was 
associated with meeting the criteria for a PTSD 
diagnosis.27 In another notable case, 141 Australian 
frefghters who had been exposed to a trauma 
and screened positively for potential PTSD were 
followed for several years.28,29 After 42 months, 
42% of the participants had AUD, and 54% had 
experienced PTSD. 

PTSD before AUD 
Te consistent association between PTSD and 
AUD has led to debate about which condition 
develops frst. One theory is that individuals with 
PTSD use alcohol and other substances to numb 
their symptoms and later develop AUD or SUD. 
Tis self-medication hypothesis was proposed 
by Khantzian to explain behavior exhibited by 
individuals with AUD and SUD who were being 
treated in a clinical setting.30 Tis theory has been 
supported by the demonstration of a mechanism 
that may encourage alcohol cravings. In laboratory 
settings, individuals with both AUD and PTSD 
reported increased cravings for alcohol after being 
presented with a trauma stimulus, as compared 
to a neutral stimulus.31 Other epidemiologic 
research has shown that a diagnosis of PTSD 
using the DSM-III-R criteria was predictive of 
later development of SUD.32,33 Trauma exposure 
alone, in the absence of a PTSD diagnosis, did not 
predict SUD. 

Alternatively, some evidence shows that people 
exposed to trauma might be less likely to develop 
AUD after a traumatic experience. In a study of 
survivors of the Oklahoma City bombing in 1995, 
North and colleagues found that no new cases 

of AUD were reported after the bombing.34 Tis 
fnding mirrors a previous study of individuals who 
experienced a mass shooting in 1991.35 In that study, 
three new cases of AUD were reported, but overall 
incidence of alcohol misuse signifcantly decreased in 
both men and women. Tese fndings may indicate 
that some traumatic experiences bestow a type of 
survivor resilience that is protective against later 
development of AUD. Further research is needed to 
understand this phenomenon. 

AUD before PTSD 
An alternative to the self-medication hypothesis 
was proposed in 1992. Using the St. Louis ECA, 
Cottler and colleagues hypothesized that individuals 
who had SUD may have been exposed to more 
circumstances that cause traumatic events.15 Tis 
heightened exposure may lead to experiencing 
more traumatic events and, ultimately, increase the 
likelihood of developing PTSD; although other 
explanations, such as AUD increasing sensitivity 
for developing PTSD, may also contribute. In the 
St. Louis ECA example, Cottler and colleagues 
confrmed their hypothesis, and they suggested that 
the use of substances such as opiates or cocaine led to 
even greater risk of exposure to traumatic events and 
an increased likelihood of developing PTSD.15 

Several years later, this hypothesis was tested 
again in a sample of 464 drug users.36 In this 
study, the onset of drug use preceded exposure to 
traumatic events for men, but for women there 
was no diference in the timing of the events. A 
similar pattern of substance misuse leading to 
dangerous and traumatic experiences was found 
among African American women at risk for HIV.37 

In a study that examined African Americans with 
SUD who were not receiving treatment, alcohol 
and substance misuse, with the exception of crack 
cocaine use, preceded the traumatic events.38 Finally, 
a longitudinal study of adults in Michigan found 
that PTSD predicted increased likelihood of SUD 
at a 5-year follow-up, but preexisting SUD did not 
predict later exposure to trauma or PTSD.33 

Prevalence in veterans 
Drinking alcohol has been associated with the 
military for centuries. Military personnel use 
alcohol to cope with fear and other strong emotions 
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experienced during and after combat.39 Combat is 
the traumatic event most strongly associated with 
PTSD, and the ECA found that about 20% of 
veterans who were wounded in the Vietnam War 
developed PTSD.8 More recently, veterans of the 
Iraq and Afghanistan wars who had PTSD were 
twice as likely to report alcohol misuse as those with 
no PTSD.40 More than 28% of veterans screened 
positive for alcohol misuse, and 37% screened 
positive for PTSD. Of those who met criteria for 
PTSD, 76% had co-occurring depression, which 
was more than twice the rate of depression among 
veterans who did not have PTSD. Similarly, a 
prospective study of service members in the United 
Kingdom found that those who had experienced 
combat increased their drinking more than those 
who had not been deployed.41 Tis fnding was 
particularly strong for respondents who thought 
they might be killed or for those who experienced 
hostility from civilians while deployed. 

Soldiers with PTSD who experienced at least one 
symptom of AUD may be disinhibited in a way 
that leads them to make risky decisions, including 
the potential for aggression or violence. One study 
conducted with veterans of the wars in Iraq and 
Afghanistan demonstrated a link between PTSD 
and AUD symptoms and nonphysical aggression.42 

Veterans with milder PTSD symptoms who misused 
alcohol were more likely to perpetrate nonphysical 
aggression than veterans who did not misuse alcohol. 
However, this relationship was not demonstrated 
with signifcance among veterans who had more 
severe PTSD symptoms. 

Prevalence in women 
Researchers continue to fnd more traumatic events 
and PTSD in women than in men. For example, in 
the NESARC Wave 2, lifetime prevalence of PTSD 
among women who experienced trauma was twice 
as high as the prevalence among similar men.18 A 
review of community samples reported that the 
prevalence of co-occurring SUD and PTSD among 
women is higher than the prevalence among men,43 

and women who experienced abuse or neglect 
were signifcantly more likely to have AUD than 
controls.44 Higher prevalence in women compared 
to men has also been found in women who use illicit 
substances.36 

Women who have experienced sexual assault or 
childhood sexual abuse appear to have particularly 
high rates of psychiatric disorders, including PTSD 
and AUD. In one notable study, women who 
self-reported childhood sexual abuse had an increased 
likelihood of having psychiatric disorders or SUD.45 

AUD and PTSD Symptom Clusters 
Several studies have examined how the four clusters 
of PTSD symptoms (re-experiencing, efortful 
avoidance, emotional numbing, and hyperarousal) 
may afect how individuals develop and recover 
from PTSD and AUD. If some symptom clusters 
are closely associated with AUD, that information 
may be useful when screening people with PTSD 
for potential AUD. In an early study, hyperarousal 
symptoms were associated with AUD, whereas other 
clusters were not.46 However, later research found 
mixed results, with one study fnding no relationship 
between any symptom cluster and AUD,47 and 
another study fnding that the re-experiencing 
cluster was most strongly associated with alcohol 
problems.48 A study of veterans of the Iraq and 
Afghanistan wars found that the emotional numbing 
cluster, compared to the other symptom clusters, 
was signifcantly associated with alcohol misuse, 
even when controlling for other variables associated 
with AUD, such as depression and direct combat 
exposure.40 Finally, in a diferent study, a reduction 
of PTSD symptoms in each cluster was associated 
with less severe drinking overall, and a reduction in 
hyperarousal symptoms preceded positive changes in 
alcohol use.49 

Conclusion 
Te association between AUD and PTSD has been 
elucidated due to the development of standardized 
assessments for the ECA using the DSM-III 
DIS. Assessments that followed have used the 
foundational structure and question format of the 
DIS to interview participants. Tey include the 
CIDI, AUDADIS, and, recently, the Psychiatric 
Research Interview for Substance and Mental 
Disorders. In fact, the DIS has continued to be 
revised based on the DSM and the International 
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Classifcation of Diseases, making it one of the 
most durable standardized diagnostic assessments in 
the feld. 

AUD and PTSD have shown a consistent 
comorbidity over many decades and in diverse 
populations. Te strong relationship is present 
in representative surveys of the United States, 
throughout Europe, and in Australia. Te 
relationship persists in studies of population 
subgroups at risk, such as veterans of the wars in 
Vietnam, Iraq, and Afghanistan; frefghters; women; 
and people with SUD. Although men have a higher 
prevalence of AUD than women, and women have a 
higher prevalence of PTSD than men, any individual 
with either disorder is more likely to have the other. 

Te evidence suggests that there is no distinct 
pattern of development for the two disorders. Some 
evidence shows that veterans who have experienced 
PTSD tend to develop AUD, perhaps refecting 
the self-medication hypothesis. However, other 
research shows that people with AUD or SUD 
have an increased likelihood of being exposed to 
traumatic situations, and they have an increased 
likelihood of developing PTSD. It is possible that 
these two bodies of evidence represent two separate 
relationships between PTSD and AUD. Additionally, 
the conditional nature of the disorders, based on the 
exposure to an event or a substance, makes this a 
complex relationship for analysis, interpretation, and 
intervention for treatment. 

Currently, there are several questions that remain 
unanswered. How diferent are the outcomes of 
the disorders when one or the other develops frst? 
Are any of the PTSD symptom clusters more likely 
to lead to AUD? Are there particular traumatic 
experiences that provide some resilience against 
developing AUD? Are there signifcant diferences 
in the occurrence and trajectory of PTSD and AUD 
among racial and ethnic minorities? Tese questions, 
and others, should be addressed by further research 
to ultimately minimize the harm experienced 
by the millions of individuals who experience 
AUD and PTSD. 
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Alcohol use disorder (AUD) is a chronic, relapsing brain disease 
characterized by a reduced ability to stop or control alcohol use despite 
negative social, work, or health consequences. Often, it co-occurs and 
interacts with post-traumatic stress disorder (PTSD), which may develop 
after experiencing or witnessing a life-threatening event, such as combat, 
a natural disaster, a car accident, or sexual assault, and can result in 
shock, confusion, anger, and anxiety. 

Co-occurring AUD and PTSD is a public health concern, especially 
among active military service members and veterans, as well as victims of 
violence and sexual assault. Approximately one in three people who have 
experienced PTSD have also experienced AUD at some point in their 
lives.1,2 In addition, 30% to 60% of patients seeking treatment for AUD 
also meet diagnostic criteria for PTSD.3,4 Te co-occurrence of AUD and 
PTSD worsens adverse health outcomes and complicates treatment for 
both conditions. 

Tis issue of Alcohol Research: Current Reviews examines the current 
literature on the prevalence, diagnoses, causes, and risk factors of AUD 
and PTSD, their co-occurrence, and treatment for individuals facing 
both conditions. 

Smith and Cottler, in Te Epidemiology of Post-Traumatic Stress 
Disorder and Alcohol Use Disorder, describe the changes in the 
Diagnostic and Statistical Manual of Mental Disorders (DSM) defnitions 
of AUD and PTSD. Tey review key surveys that have measured these 
disorders, the possible relationships between the two disorders, the risk 
factors, and which populations are at risk. 

In Functional and Psychiatric Correlates of Comorbid 
Post-Traumatic Stress Disorder and Alcohol Use Disorder, Straus and 
colleagues present the DSM-5 defnitions for PTSD and AUD and 
discuss models for functional relationships between the disorders. 
Tey also examine risk factors and their associations with co-occurring 
disorders. 

Suh and Ressler, in Common Biological Mechanisms of Alcohol Use 
Disorder and Post-Traumatic Stress Disorder, review animal models 
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for and clinical studies of AUD and PTSD. Tey discuss the relevant 
neurobiological circuits and examine the role of stress in these disorders. 

Lee and colleagues investigate childhood stress as a predictor for 
PTSD and AUD in Early Life Stress as a Predictor of Co-Occurring 
Alcohol Use Disorder and Post-Traumatic Stress Disorder. Tey 
review both human and preclinical models of these disorders and 
examine potential biologic, genetic, and epigenetic mechanisms. 

In Co-Occurring Post-Traumatic Stress Disorder and Alcohol Use 
Disorder in U.S. Military and Veteran Populations, Dworkin and 
colleagues report on the frequency of co-occurring PTSD and AUD in 
military personnel and veterans, and they examine population-specifc 
factors contributing to the development of PTSD and AUD. Tey also 
describe evidence-based psychological and pharmacological treatments 
for these populations and suggest future directions for research on 
treatment efectiveness. 

Weil and colleagues provide an overview of the bidirectional 
relationships between traumatic brain injury and AUD in Alcohol 
Use Disorder and Traumatic Brain Injury. Te potential 
neuropsychological and neurobiological mechanisms underlying those 
relationships are discussed. 

In Behavioral Treatments for Alcohol Use Disorder and Post-
Traumatic Stress Disorder, Flanagan and colleagues describe evidence-
supported behavioral interventions for treating AUD, PTSD, and 
co-occurring AUD and PTSD. Tey also examine the debate regarding 
sequential versus integrated treatment models. 

In Pharmacotherapy for Co-Occurring Alcohol Use Disorder 
and Post-Traumatic Stress Disorder: Targeting the Opioidergic, 
Noradrenergic, Serotonergic, and GABAergic/Glutamatergic 
Systems, Verplaetse and colleagues report on pharmacotherapies for 
co-occurring AUD and PTSD. Tey discuss current clinical trials for 
medications and highlight future directions for neurobiological targets 
that have potential for treating individuals with this dual diagnosis. 
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Alcohol Problems and Post-Traumatic 
Stress Disorder Among American 
Military Personnel and Veterans

Many service members and veterans seeking treatment for alcohol problems also 
have post-traumatic stress disorder (PTSD). This article considers the effectiveness of 
treating alcohol problems and PTSD simultaneously. The authors begin by summariz-
ing the extent of excessive alcohol use among military service members and veter-
ans. They then explore the relationship between combat exposure and subsequent 
alcohol use; identify and briefly describe evidence-based treatments for alcohol 
problems and PTSD, separately; and review research on the effects of single treat-
ments for both PTSD symptoms and alcohol use. 
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Many service members and veterans 
seeking treatment for alcohol problems 
have experienced the life-threatening 
stress of combat, many have post- 
traumatic stress disorder (PTSD), and 
many service members and veterans 
seeking treatment for PTSD have  
alcohol or other substance problems. 
Sensitivity to these issues can influence 
how a therapist relates to the patient 
and also has possible implications  
for developing a treatment strategy 
(U.S. Department of Veterans Affairs 
[DVA] 2010). Historically, clinicians 
have been concerned that patients 
need to reduce or resolve substance abuse 
before PTSD treatment can be success-
ful. But research is showing that both 
disorders can be treated simultaneously. 
Here, we assess the scope of the prob-
lem and examine treatments that can 

be effective for treating each disorder 
individually as well as in tandem.

Alcohol Problems in Active-Duty 
Military Personnel and Veterans

For more than 30 years the Department 
of Defense (DoD) has conducted 
recurrent surveys to determine rates  
of excessive alcohol use among active-
duty personnel. The most recent of 
these (DoD 2013) revealed wide prev-
alence of “binge” drinking, defined as 
consuming 5 or more drinks for males 
or 4 or more drinks for females on  
a single occasion. An analysis of this 
survey by Bray and colleagues (2013) 
found that across the U.S. Armed 
Services 33 percent of personnel reported 
binge drinking during the 30 days 

preceding the survey, with consider-
able variation in rates across military 
departments (Army, 34 percent; Navy, 
38 percent; Marines, 49 percent; and 
Air Force, 24 percent). Twenty percent 
of male and female active-duty person-
nel engaged in heavy drinking, which 
was defined as binge drinking at least 
once a week during the past 30 days 
(Bray et al. 2013). 

Less is known about alcohol use 
problems among veterans. One analy-
sis examined results from the National 
Survey on Drug Use and Health from 
2004 through 2010 (Golub et al. 2013). 
The study compared veterans ages 21 
to 34 with non-veteran peers matched 
on age and gender. The two groups 
were quite similar in their rates of alcohol 
use disorder (AUD) in the past year 
(15 percent); “binge” drinking (44 
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percent), defined as consuming 5 or 
more drinks on at least one occasion 
during the past 30 days; and heavy 
drinking (14 percent), defined as binge 
drinking on 5 or more days during the 
past 30 days (Golub et al. 2013). 

Combat Stress and  
Alcohol Misuse

As of September 30, 2013, 2.6 million 
service members had been deployed to 
Operation Enduring Freedom, Operation 
Iraqi Freedom, and Operation New 
Dawn since 2001 (DVA 2013). Due 
to high rates of combat and blast 
exposure, healthcare providers within 
the DOD and the U.S. Departments 
of Veterans Affairs (VA) are offering 
services to increasing numbers of 
veterans and active-duty personnel 
returning with complex mental and 
physical health problems (Hoge et al. 
2004, 2008). 

PTSD is the most common mental 
health diagnosis for the nearly 1 million 
U.S. veterans who served in Iraq and 
Afghanistan between October 1, 2001, 
and September 30, 2013, and who 
accessed services through the Veterans 
Health Administration (VHA) (DVA 
2013). Nineteen percent of those who 
have served in Iraq and Afghanistan 
develop PTSD within a year of their 
return to the United States (Tanielian 
and Jaycox 2008). 

Symptom clusters for PTSD as 
defined by the Diagnostic and Statistical 
Manual of Mental Disorders (DSM–5) 
are illustrated in the accompanying 
textbox (American Psychiatric Associ-
ation 2013). Based on the previous 
DSM–IV criteria (American Psychiatric 
Association 1994), rates of PTSD in 
returning service members vary some-
what as a function of the method  
for collecting data, with results from 
screening instruments suggesting a 
range of 10 to 20 percent (Milliken  
et al. 2007; Seal et al. 2007; Sundin  
et al. 2010). Structured clinical inter-
views yield a somewhat lower but still 
disconcerting PTSD rate of 7 to 10 
percent (Erbes et al. 2007). Among 

individuals with a history of traumatic 
brain injury, rates of PTSD seem to 
escalate to 33 to 39 percent (Carlson et 
al. 2011). An analysis of VA healthcare 
statistics from October 7, 2001, to 
March 31, 2008, showed that PTSD 
was the most prevalent psychiatric 
diagnosis, affecting approximately 21.5 
percent of patients (Cohen et al. 2010). 
As of 2014, VA public health data 
suggest that 30 percent of veterans of 

military service in Afghanistan and Iraq 
seeking VA care have PTSD.

Substance use disorders (SUDs) are 
another common reason for seeking 
mental health services. PTSD and 
substance use disorder frequently 
co-occur (McCauley et al. 2012). As 
illustrated by the figure, a consistently 
increasing percentage of veterans who 
have received VHA care, regardless of 
when they served in the military, have 

Re-experiencing

•  Recurrent, intrusive, and distressing memories, images, thoughts,  
and/or perceptions

•  Recurrent distressing dreams
•  Dissociative reactions (flashbacks)
•   Marked psychological and/or physiological response to cues that  

symbolize or resemble the event

Avoidance

•  Of memories, thoughts, or feelings about the event
•  Of reminders of the event

Negative Alterations in Cognitions and Mood
•  Inability to recall an important aspect of the event
•   Persistent, exaggerated negative beliefs or expectations about self,  

others, or the world
•   Persistent negative emotional state
•  Diminished interest/participation in significant activities
•  Detachment/estrangement
•  Persistent inability to experience positive emotions

Marked Alterations in Arousal and Reactivity

•  Irritability/outbursts or anger
•  Reckless or self-destructive behavior
•  Hypervigilance
• Exaggerated startle response
•  Difficulty concentrating
•  Difficulty falling or staying asleep or restless sleep

DSM–5 Post-Traumatic Stress  
Disorder Symptom Clusters
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been diagnosed as having comorbid 
PTSD and SUD. In fiscal year 2013, 
26.5 percent of VA patients with a 
diagnosis of PTSD also had SUDs. It 
is also worth noting that the number 
of veterans with both conditions has 
increased by 76 percent since fiscal 
year 2008, a rate exceeding the increase 
in prevalence for PTSD (52.3 percent) 
or for SUD (33.1 percent) alone 
(Program Evaluation and Resource 
Center, VA Medical Center, Palo 
Alto, CA. January 2014, personal 
correspondence).

Individuals with AUD and PTSD 
tend to have greater risks for other 
psychiatric disorders, respond less 
favorably to interventions for the 
AUD, and are at increased risk of 
relapse to problematic drinking 
(Torchalla et al. 2012).

Relationship between PTSD  
and Substance Misuse 

Citing data from the National 
Comorbidity Survey (Kessler et al. 

1995), Jacobsen and colleagues (2001) 
observed that, when they exclude 
nicotine dependence, the psychiatric 
condition most likely to co-occur 
among men with PTSD was alcohol 
abuse/dependence. Among women 
with PTSD, alcohol abuse/dependence 
was the second most common mental 
health combination, with depression 
or anxiety being the most common. 
Study investigators proposed two 
reasons for this association. For one, 
PTSD may follow alcohol misuse, 
because people who misuse alcohol 
may tend to place themselves in situa-
tions that involve increased risk for 
trauma and subsequent PTSD; alcohol 
may also sensitize them to developing 
a PTSD reaction in response to trauma. 
Second, alcohol misuse may follow 
PTSD by playing a “self-medication” 
role to dampen the hyperarousal 
component of PTSD. Interestingly, 
Jacobsen and colleagues further 
comment that the neuronal arousal 
associated with alcohol withdrawal 
may be augmented by PTSD-linked 
hyperarousal and may make individuals 

with PTSD more likely to return to 
drinking than those who need only 
cope with the arousal associated with 
acute drinking cessation. 

A study of patients receiving treatment 
for SUD indicated that improvements 
in PTSD symptoms over 2-week periods 
during the 26-week study were associ-
ated with decreases in cocaine and 
opioid use and possibly reductions in 
alcohol use (p=.056) (Ouimette et al. 
2010). These findings support the 
theory that people with PTSD use 
drugs and alcohol to self-medicate. 
However, the study sample was small 
and consisted solely of patients 
currently in treatment. Hence, the 
finding may not generalize well to a 
random sample of people with both 
conditions. 

Combat and Subsequent 
Alcohol Misuse 

Milliken and colleagues (2007) 
conducted the largest study of 
combat’s influence on mental health 

Figure     Veterans receiving care in the Veterans Health Care Administration for comorbid PTSD and substance use disorder by year.

SOURCE: Program Evaluation and Resource Center, VA Medical Center, Palo Alto, CA. January 2014, personal correspondence. 
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functioning of service members.  
They analyzed responses on the Post 
Deployment Health Reassessment 
(PDHRA), a clinical and self-report 
measure that includes questions 
related to combat stress and alcohol 
problems. Soldiers completed the 
survey 3 to 6 months after redeploy-
ment to combat service in Iraq. More 
than 88,000 soldiers completed both 
this survey and a related-content 
survey administered to them at rede-
ployment. Nearly 70 percent of 
respondents reported traumatic combat 
experiences, and around 50 percent of 
active personnel and reserve compo-
nent personnel reported that at some 
time they feared that they would be 
killed. Nine percent of active-duty 
respondents and 14 percent of U.S. 
Army Reserve and National Guard 
soldiers endorsed at least three of four 
PTSD screening items. The PDHRA 
also included a two-item screen for 
alcohol problems; 12 percent and 15 
percent, respectively, of the active 
duty and reserve component respon-
dents endorsed at least one such item. 
Yet only 0.4 percent of the sample 
reported having been referred to 
substance abuse treatment. 

Data from the large-scale Air Force 
Community Assessment Survey 
conducted in the spring of 2008 
demonstrated a relationship between 
the total number of deployments and 
cumulative time deployed with the 
subsequent likelihood of an Air Force 
member becoming a problem drinker. 
Each additional year of deployment 
increased the risk of becoming a prob-
lem drinker by 23 percent, and each 
additional deployment period increased 
the risk by 14 percent. Interestingly, 
the risk of becoming a problem drinker 
was not associated with how recently a 
soldier was deployed (Spera et al. 2011).

Another survey (Santiago et al. 2010) 
given to soldiers 3 to 4 months after 
returning from deployment to Iraq 
found that 27 percent scored positive 
for alcohol misuse, as shown by endorse-
ment of at least one of two screening 
items on the Two-Item Conjoint 
Screen. Soldiers exposed to more 

intense combat were also more likely 
to score positive on the alcohol misuse 
screen. Another study found that 
deployments involving combat expo-
sure also were associated with post- 
deployment heavy weekly drinking, 
binge drinking, and alcohol-related 
problems among active duty and 
reserve component personnel 
(Jacobson et al. 2008). 

Alcohol problems among military 
personnel exceed those of civilian 
populations in part because of demo-  
graphic differences in age, gender 
balance, and education level among 
military populations. However, other 
factors contribute to the risk of alcohol 
misuse among service members, 
including deployment stress, combat 
exposure, and PTSD. Reflecting this, 
an increasing number of veterans are 
being treated by the VHA for comor-
bid SUDs and PTSD. The challenge  
is to implement treatments found to 
be effective for both conditions, as 
well as to continue to develop more 
effective interventions.

Effective Alcohol Treatments

Psychotherapies 
Several psychosocial interventions for 
treating alcohol problems have shown 
strong evidence for effectiveness. The 
VHA’s policy is that patients with 
alcohol problems have access to at 
least two of the following: 

• Cognitive–Behavioral Therapy for 
Relapse Prevention, which assists 
patients in identifying internal and 
external stimuli that prompt drink-
ing, and in learning skills and alter-
native ways of thinking to cope with 
these cues and avoid alcohol use.

• 12-Step Facilitation, which pro- 
motes participation in Alcoholics 
Anonymous and working the steps 
of the program. It employs a treat-
ment manual with activities and 
homework assignments and is 

conducted in a one-on-one coun-
seling relationship. 

• Community Reinforcement Approach, 
which helps patients establish a 
strong environmental support 
system to help sustain sobriety.

• Substance Use Disorder–Focused 
Behavioral Couples Counseling/Family 
Therapy, which emphasizes the 
participation of significant others 
in treatment. Sessions focus on 
improvements in communication 
and interactional patterns of the 
couple or family, especially as they 
relate to drinking. 

• Motivational Enhancement Therapy, 
which builds on principles of moti-
vational interviewing. It employs 
treatment processes that reflect the 
patient’s level of readiness for change. 

For detailed descriptions of these treat-
ments, see Finney and Moos (2002). 

Pharmacotherapies

The VA/DoD Clinical Practice Guide- 
line for Management of Substance Abuse 
Disorders (DVA and DoD 2010) 
offers the following recommendations 
for the pharmacological management 
of alcohol dependence:

• Oral naltrexone should be routinely 
considered in conjunction with 
addiction counseling.

• Injectable naltrexone is effective in 
conjunction with addiction coun-
seling when the patient is willing to 
accept monthly injections.

• Acamprosate should routinely be 
considered in conjunction with 
addiction counseling as an alterna-
tive to naltrexone.

• Disulfiram should only be used 
when the goal is abstinence.
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A recent meta-analysis reinforces the 
value of pharmacological treatment 
for alcohol abuse (Jonas et al. 2014). 
The analysis found that both acampro-
sate and oral naltrexone were associ-
ated with reductions in how often 
patients returned to drinking with no 
significant differences between the two 
drugs in controlling alcohol consump-
tion. The authors emphasize that less 
than one-third of people with AUD 
receive treatment, and only a small 
percentage of these patients (less than 
10 percent) receive medications to 
assist in reducing alcohol consumption. 
A companion editorial by Bradley and 
Kivlahan (2014) emphasizes the 
importance of integrating psychophar-
macological and psychosocial inter-
ventions in treating AUD and of  
integrating these treatments into 
primary care services. 

Effective PTSD Treatments 

Psychotherapies
In 2008, the Institute of Medicine 
conducted a comprehensive review of 
outcomes on existing PTSD treatments. 
The report determined that “evidence 
is sufficient to conclude the efficacy  
of exposure therapies in the treatment 
of PTSD” (chapter 4, p. 97). Shortly 
thereafter, the VHA began promoting 
the use of two trauma-focused, manu-
alized cognitive–behavioral psychother-
apies (Karlin et al. 2010): Prolonged 
Exposure (PE; Foa et al. 2007) and 
Cognitive Processing Therapy (CPT; 
Resick and Schnicke 1992). Both 
interventions demonstrated efficacy  
in randomized controlled trials with 
civilians (Foa et al. 1999, 2005; Resick 
et al. 2002) and veterans (Monson et al. 
2006; Schnurr et al. 2007). Evidence 
for both psychotherapies for veterans 
and active duty service members has 
continued to accumulate (Chard et al. 
2010; Goodson et al. 2013; Rauch et 
al. 2009; Tuerk et al. 2011; Walter et 
al. 2014). Treatment effectiveness 
seems to persist following treatment 
(Resick et al. 2012). The goals of both 

interventions are to reduce avoidant 
coping; purposefully confront traumatic 
memories; and modify maladaptive, 
trauma-related thoughts. Nevertheless, 
the rationales and procedures of the 
two treatments differ significantly. 

PE includes four essential elements: 
psychoeducation, in-vivo exposure, 
imaginal exposure, and in-session 
discussion following imaginal exposures 
to facilitate emotional processing and 
corrective learning (Foa et al. 2007). 
In the initial phase of treatment, ther-
apists present information about 
common reactions to trauma, factors 
that maintain PTSD symptoms, concep-
tual bases for interventions, and 
breathing retraining. They reinforce 
this information with standardized 
handouts. In-vivo exposure procedures 
require patients to progressively confront 
situations and stimuli (including 
sights and sounds) that they previously 
avoided, because they associated the 
situations and stimuli with their trau-
matic memory. Imaginal exposure 
asks patients to verbally revisit their 
traumatic memory and emotionally 
process the experience to bring about 
corrective learning and habituation  
in later treatment sessions. Imaginal 
exposure begins in the third session 
and is followed by a collaborative 
“processing” discussion, typically 
involving support, normalization of 
experience, and discussion about key 
perceptions linked with the traumatic 
experience. In the mid-to-later phases 
of PE, imaginal exposure focuses on 
the most distressing aspects of the index 
trauma, or “hotspots.” Patients typi-
cally complete 90-minute sessions once 
a week, with most patients requiring 8 
to 15 sessions for treatment comple-
tion. Clinicians audiotape sessions and 
require patients to review the tapes 
between appointments. 

CPT (Resick 2001) consists of 12 
treatment sessions that include cogni-
tive interventions in either a group or 
individual format. During the initial 
sessions, patients receive psycho- 
education about PTSD and underlying 
information processing frameworks, 
complete written assignments to clarify 

the personal significance of traumatic 
experiences, and identify problematic 
trauma-related beliefs or “stuck 
points.” During the middle stages  
of CPT, patients learn to use a variety 
of worksheets to identify linkages 
between events, thoughts, and feelings; 
to produce and repeatedly read detailed 
accounts of their most traumatic expe-
rience(s), with an emphasis on experi-
ences associated with traumatic events; 
and to begin challenging their stuck 
points with support and assistance 
from the therapist. Therapists use 
Socratic questioning to teach patients 
to examine and modify relevant 
maladaptive cognitions that maintain 
PTSD symptoms. They assign patients 
daily worksheets for home practice. In 
the final phases of the treatment, ther-
apists aim to modify beliefs in five key 
domains: safety, trust, power/control, 
esteem, and intimacy. Patients consol-
idate their treatment gains in the 
concluding session.

Pharmacotherapies for PTSD
A wide range of psychotropic medica-
tions have been explored for treating 
PTSD. VA/DoD Clinical Practice 
Guidelines for the Management of  
Post-Traumatic Stress (DVA and DoD 
2010) most strongly recommend  
selective serotonin reuptake inhibitors 
(SSRIs) and serotonin norepinephrine 
reuptake inhibitors (SNRIs). The high 
blood pressure medication, prazosin, 
has been increasingly used to treat 
PTSD, but the VA/DoD Guidelines 
only recommend this as an adjunctive 
therapy for nightmares associated with 
the disorder. 

Treating Co-Occurring  
PTSD and AUD

Psychosocial Treatments 
Few well-controlled studies have 
assessed the efficacy of trauma-focused, 
cognitive–behavioral treatments, such 
as PE or CPT, in patients dually 
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diagnosed with PTSD and SUD or 
AUD. This likely reflects a bias toward 
excluding patients with dual diagnosis 
from clinical trials because of traditional 
clinical concerns that concurrent 
misuse of substances could diminish 
the benefits of PTSD treatment (Riggs 
et al. 2003), or that exposure-based 
interventions might lead to relapse or 
to escalation of substance misuse (Hien 
et a. 2004; McGovern et al. 2009). 

Taken in concert, the literature on 
treatments for co-occurring PTSD 
and AUD indicates that dually diag-
nosed patients can tolerate and benefit 
from psychotherapies specifically 
formulated to address trauma and 
PTSD. In fact, a forthcoming 
meta-analytic Cochrane Review that 
consolidates outcomes from over 1,400 
participants (Roberts et al. 2012) 
concludes that combined, trauma- 
focused interventions meant to address 
both PTSD and AUD or SUD 
perform as well as or better than usual 
treatments in reducing symptoms of 
both disorders. Nonetheless, there is 
room for much improvement in this 
area, and debate continues about how 
best to engage and treat this complex 
population (Foa et al. 2013b; Najavits 
2013). Additional research also is 
needed to determine optimal methods 
for assisting veterans or service members 
with co-occurring conditions and 
retaining them in treatment. 

Several descriptions and reports also 
have been published on the use of 
present-focused, skills-based psycho-
therapies specifically targeted to the 
needs of dually diagnosed patients. Of 
these, Seeking Safety, a manualized 
cognitive–behavioral treatment that 
can be delivered to individuals or 
groups, has received the greatest atten-
tion (Najavits and Hein 2013; Najavits 
et al. 1998). Each session includes 
components for reducing the effects  
of trauma (“safety”) and diminishing 
substance use and follows the same 
structure: a “check-in” where therapists 
gather information on maladaptive or 
“unsafe” behaviors and coping skills 
among patients; a review of a quota-
tion that captures the essence of the 

current session’s topic; a review of 
handouts to facilitate discussion and 
skills practice linked with the topic; 
and a “check-out” asking patients to 
commit to between-session skills 
implementation. The full protocol 
includes sessions dealing with 25 
different topics, including promoting 
safety, taking back power from PTSD, 
healing from anger, creating meaning, 
and detaching from emotional pain  
or grounding. The protocol does not 
include any exposure-based exercises.

Although participants have gener-
ally accepted Seeking Safety and 22 
reports have found mostly beneficial 
outcomes with PTSD-related symptoms 
and alcohol or substance use (Najavits 
and Hien 2013), the largest controlled 
trial evaluating this treatment found 
null results when contrasted with a 
health education control protocol. 
There is also a high rate of attrition 
among patients receiving Seeking 
Safety (Hien et al. 2009). The few 
studies of Seeking Safety conducted 
with veterans have included small 
sample sizes of not more than 25 
patients each (Cook et al. 2006; 
Norman et al. 2010). Seeking Safety 
also has often failed to outperform 
control conditions on outcome measures 
for PTSD (Boden et al. 2012) or 
substance use (Desai et al. 2008). It 
thus remains uncertain whether this 
treatment should be considered a 
treatment of choice for veterans or 
military service members with co- 
occurring PTSD and AUD. However, 
for those who do not choose to begin 
trauma-focused therapy, Seeking 
Safety can be an effective engagement 
strategy that may be sufficient to 
reduce symptoms for some and to act 
as an effective preparation for trauma- 
focused treatment for others.

Psychopharmacologic Treatments 
Less is known about the clinical value 
of combining pharmacological treat-
ments with psychosocial treatments 
for co-occurring PTSD and alcohol 
dependence (Ravelski et al. 2014),  
but an article from Foa and colleagues 

(2013a) suggests that combining 
prolonged exposure therapy and oral 
naltrexone may be effective in reducing 
the percentage of drinking days in  
this population. 

There are no direct contraindications 
to prescribing patients with PTSD any 
of the pharmacotherapeutic agents 
recommended in the VA/DoD Clinical 
Practice Guidelines for the Management 
of Substance Use Disorders (DVA and 
DoD 2009) for the treatment of AUD. 
However, certain other conditions 
commonly associated with PTSD and 
alcohol dependence may preclude use 
of some pharmaceuticals. For example, 
if patients have sustained significant 
liver damage subsequent to co-existing 
PTSD and alcohol dependence, they 
should avoid naltrexone and disulfi-
ram. In addition, intravenous substance 
abuse may contribute to renal disease, 
which may complicate the use of 
naltrexone or acamprosate. Findings 
that PTSD itself may predispose 
patients to coronary artery disease 
(Edmondson et al. 2013) suggest  
that a careful cardiac evaluation be 
performed before prescribing disulfi-
ram. Finally, chronic pain frequently 
co-occurs with both PTSD and 
substance abuse, and naltrexone  
may interfere with currently effective 
pain control regimens that rely on 
opioid agents.

Benzodiazepines are an effective 
treatment for relieving symptoms  
of alcohol withdrawal. However, the  
VA/DoD PTSD guidelines (DVA and 
DoD 2010) raise concerns about 
using benzodiazepines to treat PTSD, 
because these agents have not been 
shown to be effective as single-channel 
treatments for PTSD and might even 
complicate PTSD’s course. Although 
this is not an absolute contraindication 
to the acute use of benzodiazepines for 
alcohol detoxification, it does call for 
careful monitoring of any ongoing 
benzodiazepine use. Along these same 
lines, clinicians should consider the 
severe physiological stress that can be 
associated with future states of intoxi-
cation and withdrawal when they 
choose a treatment for patients with 
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combined PTSD and alcohol depen-
dence who are prone to withdrawal. 
For example, use of a tricyclic anti- 
depressant to treat PTSD (not a top 
recommendation in the VA/DoD 
PTSD guidelines (DVA and DoD 
2010), but a treatment that can  
be effective for PTSD) may lower 
seizure threshold in a patient prone to 
cycles of alcohol relapse and withdrawal. 
Also, prazosin, which was originally 
marketed as an antihypertensive, 
could cause hypotension in medically 
unstable patients, including during 
states of dehydration or in patients in 
alcohol withdrawal. 

Although the 2010 VA/DoD 
Clinical Practice Guideline for the 
Management of Post-Traumatic Stress 
lists topiramate as having no demon-
strated benefit for PTSD, a pilot study 
suggests that this anticonvulsant may 
have some value for treating both 
PTSD and AUD (Batki et al. 2014). 
However, topiramate cannot be 
recommended currently as a first- or 
second-line treatment for either disorder. 

Conclusion

AUD and PTSD are common and 
severe problems in veterans and military 
service members and merit interven-
tion. Fortunately, a number of 
psychological treatments and medica-
tions have been demonstrated as effec-
tive for each problem and should be 
incorporated into clinical practice 
whether the conditions occur inde-
pendently or together. When AUD 
and PTSD occur in the same patient, 
they should generally be addressed 
simultaneously, either in closely coor-
dinated or integrated care. Contrary to 
earlier clinical concerns that substance 
abuse should be reduced or resolved 
before treatment for PTSD, it seems 
that for most patients the treatments 
can be performed simultaneously with 
good results. In fact, clinical experi-
ence and emerging research suggests 
that it is best to combine modalities 
and targets within a comprehensive 
treatment plan. As in other areas of 

clinical practice, clinicians should 
systematically and frequently monitor 
patient progress to determine if some 
modification may be needed in the 
treatment protocol. It also is important 
to assess the patient’s medical status 
before prescribing pharmacotherapies. 
In many cases, especially those in- 
volving alcohol dependence, adjunct 
medications will prove useful.
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Alcohol consumption contributes to increased incidence and severity of traumatic  
injury. Compared with patients who do not consume alcohol, alcohol-consuming  
patients have higher rates of long-term morbidity and mortality during recovery from 
injury. This can be attributed in part to an impaired immune response in individuals 
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The incidence of traumatic injury in 
alcohol-intoxicated individuals continues 
to escalate. According to the Centers 
for Disease Control and Prevention 
(2012a), more than 38 million American 
alcohol users consume 5 or more drinks 
on the same occasion (i.e., binge drink) 
and do so about 4 times per month. 
This behavior is highly conducive to 
unintentional or accidental traumatic 
injury, which according to the National 
Vital Statistics Reports is the leading 
cause of years of potential life lost 
(YPLL) before age 45. Unintentional 
injury causes more YPLL than that 
attributed to cancer, intentional injuries, 
heart disease, and HIV individually 
(Centers for Disease Control and 
Prevention 2009). Data from the 
National Center for Injury Prevention 

and Control, as well as data derived 
from prospective and retrospective 
studies, show that up to 40 percent  
of victims of traumatic injury have 
positive blood alcohol concentrations 
(BAC), with 35 percent presenting 
with blood alcohol levels above the 
legal limit of intoxication (Beech and 
Mercadel 1998).

The severity of trauma, reduced 
blood flow and oxygen delivery (i.e., 
hemorrhagic shock, referred to as 
shock in this article), and tissue injury 
is greater in intoxicated victims than  
in sober victims, resulting in higher 
mortality rates in the alcohol-consuming 
patient population (Pories et al.  
1992). Although immediate mortality  
from traumatic injury has improved 
significantly as a result of aggressive 

resuscitation, long-term morbidity and 
mortality continue to be unacceptably 
high during the recovery period. The 
prevalence of morbidity and mortality 
is particularly attributable to the 
altered immune response among 
impaired patients to subsequent chal-
lenges, such as surgery or infection, 
leading to multiple organ failure 
(Roumen et al. 1993; Sauaia et al. 
1994). Acute alcohol intoxication 
complicates the initial management of 
trauma victims and is associated with 
greater incidences of pneumonia and 
respiratory distress, requiring ventilator 
assistance during hospitalization 
(Gurney et al. 1992; Jurkovich et al. 
1992). In addition, major complications 
including tracheobronchitis, pneumonia, 
pancreatitis, and sepsis are significantly 



increased in patients with high levels 
of carbohydrate-deficient transferrin 
(CDT), a marker for alcoholism 
(Spies et al. 1998). European studies 
show that, compared with nonalcoholics, 
alcoholics more frequently develop 
major complications and require a 
significantly prolonged stay in the 
intensive care unit (ICU) following 
trauma (Spies et al. 1996a).

Excessive acute and chronic alcohol 
consumption has significant effects  
at multiple cellular levels, affecting 
both innate and adaptive immune 
mechanisms (Molina et al. 2010). Both 
chronic and acute patterns of alcohol 
abuse lead to impaired immune responses, 
resulting in increased susceptibility to 
infectious diseases caused by bacterial 
and viral pathogens (Brown et al. 
2006). Clinical and preclinical studies 
show that the combined effects of 
alcohol and injury result in greater 
immune disruption than either insult 
alone (Messingham et al. 2002). This 
article reviews the current understanding 
of the burden of alcohol on the immune 
response to three specific traumatic 
events: burn, shock, and traumatic 
brain injury (TBI). The major patho-
physiological consequences of these 
injuries on other major organ systems— 
including the cardiovascular system, 
pulmonary system, and gastrointestinal 
tract—are highlighted with emphasis 
on the contribution of alcohol-induced 
immunomodulation to postinjury 
morbidity.

Reestablishment of homeostasis after 
a traumatic insult involves activation  
of host defense mechanisms for self- 
protection against toxic inflammatory 
processes and tissue repair. Trauma 
victims frequently are subjected to 
necessary invasive procedures, such  
as surgery and anesthesia. In addition, 
trauma victims frequently are exposed 
to subsequent challenges, particularly 
infection. These additional stresses to 
an already compromised inflammatory 
and neuroendocrine milieu further 
contribute to morbidity and mortality 
in this patient population. Traumatic 
injury and hemorrhagic shock produce 
a temporal pattern with early upregula-  

tion of pro-inflammatory cytokine1 
gene product expression and with  
later suppression of stimulated  
pro-inflammatory cytokine release 
(Hierholzer et al. 1998; Molina et al. 
2001). Together, these alterations lead 
to generalized immunosuppression, 
ultimately resulting in an increased 
susceptibility to infection (Abraham 
1993; Ertel et al. 1993).

Alcohol has been shown to affect 
multiple aspects of the host immune 
response, contributing to pathological 
processes (Szabo 1998). For example, 
alcohol alters the expression and process-
ing of cytokines and a type of cytokine 
known as chemokines (D’Souza et al. 
1989; Standiford and Danforth 1997), 
the expression of adhesion molecules 
(Zhang et al. 1999), inflammatory cell 
recruitment (Patel et al. 1996; Shellito 
and Olariu 1998) and accumulation, 
and oxidative capacity of macrophages 
(Nilsson and Palmblad 1988). The 
monocyte/macrophage production of 
cytokines and chemokines, in particular 
interleukin (IL)-8 and tumor necrosis 
factor-a (TNF-a), is critical in the 
regulation of the acute inflammatory 
host response to infectious challenge. 
The combined inhibition of pro- 
inflammatory cytokine production 
and neutrophil activation and migration 
to a site of infection has been suggested 
to contribute to the enhanced suscep-
tibility to infection in alcoholic indi-
viduals (Nelson et al. 1991) and to  
the increased risk of trauma- and 
burn-related infections associated  
with alcohol intoxication (Arbabi et al. 
1999). Several lines of evidence show 
that these alcohol-mediated alterations 
in host defense following injury lead 
to increased morbidity and mortality 
from infections during the recovery 
period (Faunce et al. 2003; Messingham 
et al. 2002; Zambell et al. 2004). In 
addition, considerable evidence suggests 
that the severity of disease processes is 
greater in intoxicated trauma victims 
than in nonintoxicated counterparts 
(Spies et al. 1996a,b, 1998). In 

1 Cytokines are proteins involved in cell signaling. They are  
produced by a variety of cells including immune cells and  
regulate the immune response. 

particular, immunoparalysis character-
ized by inhibition of stimulated pro- 
inflammatory cytokine release (Angele 
et al. 1999) and alterations of both 
cellular and humoral immunity 
(Napolitano et al. 1995; Wichmann  
et al. 1998) have been identified as 
risk factors for infection and progres-
sion to organ injury during the post-
traumatic injury period (Abraham 
1993; Ertel et al. 1993).

The systemic response to injury is 
associated with marked activation of 
neuroendocrine pathways that contrib-
ute to cardiovascular adaptation to 
blood loss, injury, and pain but also 
exert immunomodulatory effects 
(Molina 2005). Catecholamines (e.g., 
dopamine, norepinephrine, and 
epinephrine), and drugs that mimic 
their effects (i.e., adrenergic agonists), 
are especially known to exert important 
regulatory functions on macrophages 
as well as on B- and T-lymphocyte 
cytokine production, proliferation, 
and antibody secretion; dendritic cell 
function; cytokine and chemokine 
release; and nitric oxide (NO) produc-
tion (Madden et al. 1995). The rele-
vance of these control mechanisms 
and the implications of their dysregu-
lation have been demonstrated by the 
high incidence of infection in patients 
who experience elevated temperature, 
increased heart rate, and perspiration 
(i.e., “sympathetic storm”) following 
acute brain trauma and myocardial 
infarction (Woiciechowsky et al. 1998). 
Alcohol intoxication produces marked 
disruption of several neuroendocrine 
pathways. Disruption of the homeostatic 
neuroendocrine counterregulatory 
response to shock impairs hemodynamic 
stability and recovery, contributing to 
compromised blood flow and increased 
end-organ injury (Molina et al. 2013). 
Specifically, binge alcohol use blunts 
central neuroendocrine and autonomic 
activation, and this seems to result from 
alcohol-accentuated NO production in 
the periventricular nucleus (PVN) of 
the hypothalamus (Whitaker et al. 
2010). Alcohol-mediated impairment 
of neuroendocrine counterregulatory 
responses to traumatic injury not only 
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exacerbates low blood pressure (i.e., 
hypotension) during hemorrhage but 
also attenuates blood pressure recovery 
during fluid resuscitation, leading to 
significant alterations in blood flow 
redistribution and notably affecting 
circulation in the gastrointestinal tract 
(Wang et al. 1993). Studies have shown 
that alcohol-intoxicated animals have 
greater reduction of blood flow to  
the liver, kidney, and small and large 
intestines than nonintoxicated animals, 
following shock and fluid resuscitation 
(Sulzer et al. 2013). These macro- and 
microcirculatory changes during trauma 
and hemorrhage have been implicated 
in the subsequent development of 
sepsis and multiple organ failure 
(Peitzman et al. 1995) and contribute 
to an increased host susceptibility to 
infection and tissue injury during 
recovery (Mathis et al. 2006; Xu et al. 
2002). People who abuse alcohol, 
including both binge and chronic 
drinkers, have a higher incidence of 
traumatic injury such as burn, shock, 
and TBI. The host response to these 
diverse insults is markedly affected by 
both patterns of alcohol abuse and 
some systems—including gastrointesti-
nal, cardiovascular, and pulmonary— 
are more affected than others according 
to the specific injury.

Alcohol and Burn Injury

Burn injury is a common type of trau-
matic injury that affects thousands of 
people in the United States every year 
(Bessey et al. 2014). Approximately 50 
percent of burn-injured patients have 
detectable blood alcohol levels at the 
time of hospital admission (Haum et 
al. 1995; McGwin et al. 2000), and 
these patients have more complications, 
require longer hospital stays, and have 
greater mortality rates than those with 
a similar degree of injury who are not 
intoxicated at the time of injury (McGill 
et al. 1995). Most morbidity and 
mortality among patients who survive 
initial injury is attributed to complica-
tions stemming from infection (Baker 
et al. 1980). Therefore, the pre-burn 

immunological condition of injured 
patients affects susceptibility to infection 
and survival. Several mechanisms 
contribute to infection in burn patients, 
including loss of barrier function, 
changes in normal flora, wound ischemia, 
and cellular immunosuppression 
resulting from pro-inflammatory 
processes. Neutrophil, helper T-cell, 
and macrophage dysfunction; increased 
pro-inflammatory cytokine produc-
tion; and enhanced production of 
immunosuppressive factors have all 
been shown to contribute to the 
pathophysiological response to burn 
injury (Faunce et al. 1998; Messingham 
et al. 2000). The mechanisms that 
contribute to infection in burn patients 
are influenced by acute and chronic 
alcohol intoxication and will be discussed 
below (see figure 1). 

Research by Kovacs and colleagues 
(2008) has offered insight into the 
combined effects of`burn injury and 
alcohol intoxication on immunity 
(Bird and Kovacs 2008). Chronic 
alcohol abuse alone increases the risk 
for lung infection (Baker and Jerrells 
1993), impairs the phagocytic activity 
of alveolar macrophages and clearance 
of infectious particles from the airways, 
and impairs oxidant radicals, chemo-
kine, and cytokine release that are 
required for microbial killing (Brown 
et al. 2007; Mehta and Guidot 2012; 
Molina et al. 2010). Acute alcohol 
intoxication prior to burn injury 
significantly suppresses the immune 
response relative to the insult alone 
(Faunce et al. 1997) and causes greater 
suppression of T-cell proliferation and 
response, reduced IL-2 production, 
and increased IL-6 production and 
circulating levels (Choudhry et al. 
2000; Faunce et al. 1998). The T-cell 
and cytokine impairment caused by 
the combined effect of alcohol and 
burn injury may further suppress 
cell-mediated immunity, resulting in 
even greater susceptibility to infection 
than burn alone. Alcohol-mediated 
immunomodulation contributes to 
tissue injury in target organs as 
described below.

Gastrointestinal Tract
A multitude of studies have demon-
strated that the gut is a reservoir for 
pathogenic bacteria, which may 
contribute to increased susceptibility 
to infections following traumatic 
injury (Deitch 1990). The intestinal 
mucosal barrier serves a major role in 
the local defense against bacterial entry 
and the translocation of endotoxin to 
the systemic circulation (Xu et al. 1997). 
Increased permeability and immune 
dysfunction indicate the compromised 
state of the intestinal mucosal barrier 
to bacterial translocation following 
trauma (Deitch et al. 1990; Willoughby 
et al. 1996). Increased intestinal 
permeability enhances bacterial and 
endotoxin translocation from the 
intestinal tract to the systemic circula-
tion, triggering a systemic inflamma-
tory response (Xu et al. 1997). Activated 
macrophages and lymphocytes release 
pro-inflammatory cytokines including 
TNF-a, IL-1β, and IL-6, thereby 
contributing to tissue injury (Fink 
1991). Studies have determined that 
chronic alcohol consumption disrupts 
intestinal barrier function and induces 
gut leak (Li et al. 2008; Tang et al. 
2009). In addition, reports have shown 
a loss of intestinal barrier function 
followed by an increase in endotoxin 
and bacterial translocation to the 
systemic circulation following burn 
injury alone (Carter et al. 1990; 
Deitch and Berg 1987; Horton 1994), 
alcohol intoxication alone (Keshavarzian 
et al. 1994; Tabata et al. 2002), and 
burn injury with alcohol intoxication 
(Choudhry et al. 2002; Kavanaugh et 
al. 2005; Napolitano et al. 1995). 
Acute alcohol intoxication at the time 
of burn injury enhances bacterial 
growth in the intestine and is reflected 
in a proportional increase in mesen-
teric lymph node bacterial count 
(Kavanaugh et al. 2005). Acute alcohol 
intoxication also modulates intestinal 
immune defense by suppressing T-cell 
proliferation and increasing bacterial 
accumulation in mesenteric lymph 
nodes, spleen, and blood, which suggests 
that T-cell suppression may play a role 



in bacterial translocation from the 
lumen of the gut (Choudhry et al. 
2002). Moreover, studies have shown 
that following shock, trauma, or burn 
injury, the gut leaks bacteria and 
pro-inflammatory factors that are 
carried by the mesenteric lymphatic 
system, which contributes to acute 
lung injury (ALI) (Magnotti et al. 
1999). The possibility that alcohol 
exacerbates toxin delivery to the systemic 
circulation through the lymphatics is 
supported by studies demonstrating 
that alcohol regulates the contractile 
cycle of mesenteric lymphatic vessels 
modulating the driving force of lymph 
flow (Keshavarzian et al. 1994; Souza-
Smith et al. 2010). Thus, the contri-
bution of gut–lymph to end-organ 

damage following burn injury and 
alcohol intoxication may be significant.

Collectively, studies indicate that 
alcohol consumption preceding burn 
injury (1) increases gut permeability; 
(2) enhances intestinal bacterial growth, 
translocation, and systemic accumula-
tion; and (3) suppresses T-cell prolif-
eration. Further, research supports the 
concept that the intestine is not only a 
source of infection but also the site of 
the initial immune perturbation leading 
to the development of multiple organ 
dysfunction or organ failure.

Cardiovascular System
Immediately following a burn injury, 
the cardiovascular system responds 
with a decrease in cardiac output 

(Cuthbertson et al. 2001) as a result of 
low blood volume and reduced venous 
return (Kramer et al. 2007). This phase 
is associated with decreased cardiac 
contractility, mediated by the release 
of vasoactive and pro-inflammatory 
mediators (Williams et al. 2011). 
Subsequently, there is a surge in coun-
terregulatory neuroendocrine mediators 
(catecholamines, glucagon, and cortisol) 
that contribute to the development of 
a hyperdynamic cardiovascular state—
characterized by increased heart rate 
and cardiac output—and is associated 
with increased myocardial oxygen 
consumption and myocardial hypoxia 
(Williams et al. 2011). These patho-
physiological processes enhance oxida-
tive metabolism and increase the risk 
for free-radical generation, further 

Figure 1   Salient gastrointestinal, pulmonary, and metabolic pathophysiological consequences of alcohol abuse prior to, or at the time of, burn 
injury. The decrease in gut barrier function leads to increased permeability and bacterial translocation that enhances the risk for bacterial 
infections and lung injury. Marked alterations in metabolic responses, characterized by altered adipokine profile consistent with increased 
insulin resistance, collectively contribute to greater morbidity and mortality post–burn injury. 
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exacerbating the pro-oxidative envi-
ronment that has been proposed  
to contribute to impaired wound heal-
ing in burn patients (Herndon and 
Tompkins 2004). Chronic binge alcohol 
consumption also has been shown  
to promote a pro-oxidative and pro- 
inflammatory milieu (Rashbastep et  
al. 1993), and these factors may further 
impede wound healing in patients 
consuming alcohol prior to experiencing 
burn injury. Additional research is 
needed to better understand immuno-
modulation effects following the 
combined insults of alcohol and burn 
injury and the mechanisms underlying 
the more severe outcome of burn injury 
with alcohol abuse.

Pulmonary System
Adult respiratory distress syndrome 
(ARDS) is a frequent cause of death in 
burn patients. The lungs are one of the 
first organs to fail following traumatic 
injury (Turnage et al. 2002). Chronic 
and acute alcohol abuse impair pulmo-
nary host defense to infection, thus 
increasing the risk of bacterial infection 
and acute lung injury (Boe et al. 2009; 
Happel and Nelson 2005). Lung injury 
as a result of the combination of alcohol 
intoxication and burn injury may be 
attributed to the delicate architecture 
of the lungs combined with other 
alcohol-related factors, such as bacte-
rial and endotoxin leakage from the 
gut and a higher risk of contact with 
pathogens from the circulation and 
airways (Bird and Kovacs 2008; Li et 
al. 2007). Previous studies show that 
the combined insult of acute alcohol 
consumption and burn injury in mice 
leads to increased infiltration of the 
lungs by white blood cells, called 
neutrophils, and pro-inflammatory 
cytokine expression of IL-6 (Chen et 
al. 2013). Systemic and pulmonary 
IL-6 reflect the inflammatory state of 
the host and have been shown to be 
decreased in the absence of Toll-like 
receptor-4 (TLR-4) and intercellular 
adhesion molecule-1 (ICAM-1) (Bird 
et al. 2010). The role of IL-6 in lung 
injury has been demonstrated in 

studies in IL-6 knockout mice or 
following neutralization of IL-6, both 
of which result in significantly reduced 
lung inflammation (Chen et al. 2013). 
Studies also have shown that acute 
alcohol intoxication at the time of 
burn injury induces an upregulation 
of IL-18 production and neutrophil 
infiltration within the lung compart-
ment, all leading to pulmonary edema 
(Li et al. 2007). 

Metabolism
The post-burn period is characterized 
by a hypermetabolic state (Pereira and 
Herndon 2005) consisting of increased 
oxygen consumption; increased break-
down of glycogen, fats, and proteins; 
elevated resting energy expenditure 
and glucose synthesis; and reduced  
insulin-stimulated glucose uptake into  
skeletal muscle and adipose tissue 
(Gauglitz et al. 2009). Previous studies 
suggest that development of this 
hypermetabolic state during the post-
burn period occurs as a consequence of  
(1) increased plasma catecholamine 
and corticosteroid concentrations 
(Jeschke et al. 2008; Williams et al. 
2009; Wilmore and Aulick 1978),  
(2) increased systemic pro-inflamma-
tory mediator expression, favoring 
processes that release energy (i.e., cata-
bolic) over those that store energy 
(i.e., anabolic) (Jeschke et al. 2004), 
and (3) increased adipose tissue mRNA 
(Zhang et al. 2008) and protein (Yo  
et al. 2013) expression of uncoupling 
protein-1 (UCP-1), enhancing heat 
production and metabolism. Further, 
circulating levels of TNF-a, a known 
anti-insulin cytokine, are increased 
(Keogh et al. 1990), and the post-
burn period can be described as a state 
of marked insulin resistance (IR) 
(Gauglitz et al. 2009). Insulin sensitivity 
has been reported to be decreased by 
more than 50 percent at 1-week post–
burn injury in pediatric patients (Cree 
et al. 2007) as well as in rodent models 
of burn injury (Carter et al. 2004). 
The relevance of insulin levels to  
overall outcome from burn injury  
is supported by results from clinical 

studies showing that exogenous insulin 
therapy in pediatric burn patients 
decreased pro-inflammatory cytokines, 
increased anti-inflammatory cytokines, 
and increased serum concentrations of 
insulin-like growth factor-1 (IGF-1) 
and insulin-like growth factor binding 
protein-3 (IGFBP-3). Together, these 
changes could help to preserve organ 
function and better promote anabolic 
processes during the post-burn hyper-
metabolic state (Jeschke et al. 2004). 
Chronic alcohol consumption decreases 
insulin responsiveness and can alter 
insulin signaling through various 
mechanisms, including increased 
hepatic protein expression of the gene 
phosphatase and tensin homologue 
(PTEN), which directly inhibits insulin 
signaling through the phosphatidyli-
nositol-5,5-bisphosphate 3-kinase 
(PI3K)/protein kinase B (Akt) pathway 
(de la Monte et al. 2012). In addition 
to the negative regulation of the pathway 
by PTEN proteins, the enzyme protein 
tyrosine phosphatase dephosphorylates 
and decreases activity of important 
molecules involved in the insulin 
signaling cascade, potentially contrib-
uting to impaired insulin action (Gao 
et al. 2010; Koren and Fantus 2007). 
In addition, Lang and colleagues (2014) 
demonstrated that chronic alcohol 
consumption reduces Akt and AS160 
phosphorylation, reduces membrane 
localization of glucose transporter type 
4 (GLUT-4) protein, and increases 
serine phosphorylation at serine-307 
of insulin receptor substrate-1 (IRS-1), 
all of which will attenuate insulin- 
stimulated skeletal muscle glucose 
uptake and other insulin-mediated 
anabolic effects (Lang et al. 2014). 
These negative effects on insulin 
signaling occurred in conjunction 
with sustained increases in pro- 
inflammatory cytokines TNF-α and 
IL-6 following chronic alcohol exposure 
(Lang et al. 2014). Thus, both burn 
injury and chronic alcohol exposure 
alter metabolic pathways—favoring 
catabolic and opposing anabolic  
pathways—possibly resulting in 
long-lasting alterations in metabolic 
processes. The metabolic dysregulation 
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following burn injury is likely to 
produce more severe consequences in 
chronic alcohol burn victims. Previous 
studies assessing nutritional status of 
alcoholic patients have been discordant, 
with some studies suggesting that 
increased alcohol consumption increases 
the prevalence of malnutrition in  
alcoholic patients (Hillers and Massey 
1985), whereas other studies do not 
show a role for excessive, or chronic, 
alcohol consumption in malnutrition 
(Nicolas et al. 1993; Urbano-Marquez 
et al. 1989). A study assessing the 
influences of aging and chronic alcohol 
feeding in mice on protein synthesis 
demonstrated that chronic alcohol 
feeding decreases gastrocnemius muscle 
protein synthesis, which provides a 
mechanism for loss of lean body mass 
(Korzick et al. 2013; Lang et al. 2014). 
Decreased anabolism during the post-
burn period, which itself is a state of 
heightened catabolic processes, could 
significantly impair recovery for these 
alcoholic patients experiencing burn 
injury. Further, the hypermetabolic 
state of the post-burn period is thought 
to contribute to delayed or impaired 
wound healing, increased susceptibility 
to infections, and erosion of lean body 
mass (Pereira and Herndon 2005). 
Moreover, both binge alcohol 
consumption (Pravdova and Fickova 
2006; You and Rogers 2009) and 
burn injury (Venkatesh et al. 2009; 
Wade et al. 2013) can contribute to 
dysregulation of cytokines secreted by 
adipose tissue (i.e., adipokines). Recent 
studies show that mice exposed to  
a single alcohol binge prior to burn 
injury have a dramatic increase in 
pro-inflammatory response and a 
decrease in anti-inflammatory response 
in adipose tissue (Qin et al. 2014). 
The heightened pro-inflammatory 
response during the post-burn period 
would be predicted to modulate leptin 
levels. Thus, recovery from burn 
injury is likely to be severely impaired 
in alcoholic individuals as a result of a 
greater disruption in metabolic processes 
as well as impairment of host defense 
mechanisms, leading to greater 
morbidity and health care costs 

associated with the management of 
these patients. Therefore, further 
investigation is warranted to under-
stand the modulation of the immune 
system by the combined effect of alco-
hol and burn that might result in 
dysregulation of adipose tissue and 
altered metabolism.

Alcohol and Hemorrhagic Shock

Studies from several investigators have 
provided evidence that traumatic 
injury and hemorrhagic shock produce 
an immediate upregulation of pro- 
inflammatory cytokine gene product 
expression (Ayala et al. 1991; Hierholzer 
et al. 1998). The early pro-inflammatory 
response is later followed by suppres-
sion of stimulated pro-inflammatory 
cytokine release (Angele et al. 1999; 
Xu et al. 1998) and alterations of  
both cellular and humoral immunity 
(Napolitano et al. 1995; Wichmann  
et al. 1998), leading to generalized 
immunosuppression, which ultimately 
results in an increased susceptibility to 
infection (Abraham 1993; Ertel et al. 
1993). Along with marked alterations 
in hemodynamic homeostasis and 
neuroendocrine regulation, immuno-
logical derangements and subsequent 
infections are also a major cause of 
increased morbidity and mortality 
following hemorrhagic shock (Livingston 
and Malangoni 1988; Phelan et al. 
2002). 

Studies focused on the immune 
modulatory effects of alcohol exposure 
following hemorrhagic shock have 
demonstrated that even 24 hours after 
the post-hemorrhagic shock, alcohol- 
intoxicated animals had a marked 
suppression in cytokine release to an 
inflammatory challenge (Greiffenstein 
et al. 2007), affecting the ability to 
fight secondary infectious challenges. 
Conversely, findings observed at the 
tissue level determined that alcohol 
intoxication enhanced the pro- 
inflammatory milieu following  
hemorrhagic shock, priming tissues  
for injury. The burden of alcohol and 
hemorrhagic shock on specific target 

organ systems is discussed below and 
summarized in figure 2.

Gastrointestinal Tract
Hemorrhagic shock produces similar 
alterations in gut barrier function to 
those resulting from burn injury. 
Alcohol intoxication at the time of 
hemorrhagic shock further exacerbates 
hemorrhagic injury-induced gut 
permeability and leakage (Sulzer et al. 
2013). Chronic alcohol consumption 
has been shown to disrupt intestinal 
barrier function and induce gut leak 
(Li et al. 2008; Tang et al. 2009). The 
combination of greater hypotension 
and inadequate tissue blood flow (i.e., 
hypoperfusion) observed in alcohol- 
intoxicated animals and the increased 
gut leak observed in alcohol-intoxicated 
hemorrhaged animals are speculated 
to contribute to increased host suscep-
tibility to infection and tissue injury 
during recovery (Molina et al. 2013). 
Alcohol-intoxicated, hemorrhaged 
animals have been shown to have 
greater reduction in hepatic, renal, 
and intestinal blood flow than that 
observed in nonintoxicated animals 
(Sulzer et al. 2013). This reduction in 
critical organ blood flow was associ-
ated with enhanced tissue damage.  
An additional mechanism that could 
contribute to tissue injury in the  
alcohol-intoxicated, hemorrhaged  
host is the disruption of gut-associated 
lymphoid tissue function, which has 
been shown to play a role in other 
disease states. 

Cardiovascular System
Studies using a rodent model of binge-
like alcohol consumption prior to 
hemorrhagic shock have shown that 
acute alcohol intoxication decreases 
basal mean arterial blood pressure 
(MABP), exacerbates hypotension, 
and attenuates blood pressure recovery 
during fluid resuscitation (Mathis et al. 
2006; Phelan et al. 2002). Following 
fixed-volume hemorrhage, alcohol- 
intoxicated animals were significantly 
more hypotensive throughout the 
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hemorrhage and resuscitation periods 
(Mathis et al. 2006). In response to a 
fixed-pressure (40 mmHg) hemorrhage, 
a significantly lesser amount of  
blood was removed from the alcohol- 
intoxicated animals than controls 
(Phelan et al. 2002). Similarly, 
McDonough and colleagues, using a 
guinea pig model of ethanol exposure 
prior to hemorrhagic shock (loss of 
60% blood volume) and resuscitation, 
demonstrated that a low dose of ethanol 
(1 g/kg) decreases MABP and heart 
rate and exacerbates the metabolic 
effects of hemorrhagic shock, as shown 
by increased glucose and lactate 
concentrations (McDonough et al. 
2002). Despite the plethora of previous 
studies that have examined functional 
cardiovascular consequence of hemor-

rhagic shock and hemorrhage with 
alcohol intoxication, few studies have 
examined the combined effects of 
alcohol, hemorrhagic shock, and 
immune dysfunction on the cardiovas-
cular system. However, exacerbation 
of pre-existing cardiovascular disease 
and prolonged recovery are anticipated 
outcomes of the combined effects  
of alcohol and hemorrhagic shock, all 
leading to an impaired immune response.

Pulmonary System
As mentioned previously, alcohol 
intoxication produces significant 
dysregulation of the host defense 
mechanism during the post-injury 
period. Lung IL-6 and TNF-α are 
suppressed, while granulocyte-colony 

stimulating factor (GCSF) mRNA  
is increased in alcohol-intoxicated, 
hemorrhaged animals (Mathis et al. 
2006; Ono et al. 2004). Moreover, 
isolated pleural cells and peripheral 
blood mononuclear cells (PBMCs) 
from alcohol-intoxicated, hemor-
rhaged animals display suppressed 
TNF-α, IL-1β, and IL-6 release 
following lipopolysaccharide stimula-
tion (Greiffenstein et al. 2007), 
suggesting greater impairment of 
humoral immune response than that 
resulting from hemorrhagic shock 
alone. The importance of these alter-
ations in host defense mechanisms was 
demonstrated in animals inoculated 
with Klebsiella pneumonia following 
hemorrhagic shock. These studies 
showed suppressed neutrophil response, 

Figure 2   Salient gastrointestinal, pulmonary, and neuroendocrine pathophysiological consequences of alcohol abuse prior to, or at the time of, 
hemorrhagic shock. The decreased hemodynamic counterregulatory response leads to decreased tissue perfusion, accentuated oxidative 
stress, and enhanced tissue injury. In addition, the alcohol/hemorrhaged host shows greater susceptibility to secondary infections leading 
to increased morbidity and mortality during the post-injury period.
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decreased phagocytic activity, and 
increased neutrophil apoptosis in 
hemorrhaged animals that were alco-
hol intoxicated at the time of injury 
(Zambell et al. 2004). This was associ-
ated with greater lung bacterial counts 
and prolonged elevation in TNF-α 
and IL-6 levels (18 h) post- 
infection. Furthermore, only 30 percent 
of alcohol-intoxicated, hemorrhaged 
animals survived compared with 70 
percent survival of dextrose/hemorrhage 
animals (Zambell et al. 2004). In 
addition to cytokine dysregulation, 
alcohol impairs innate barrier functions 
of the lung by increasing epithelial  
cell permeability and altering the 
function of the ciliated epithelium 
(Elliott et al. 2007; Molina et al. 
2010).

Neuroendocrine System
The pathophysiology of traumatic- 
hemorrhagic injury involves decreased 
blood volume (i.e., hypovolemia) and 
hypoperfusion, which results in signal-
ing to central cardiovascular centers 
aimed at restoring hemodynamic stabil-
ity through activation of descending 
autonomic neuroendocrine pathways 
(Molina 2005). Several mechanisms 
have been proposed to account for the 
increased hypotension and impaired 
hemodynamic stability observed with 
alcohol intoxication, with one proposed 
mechanism being blunted neuroendo-
crine activation. Studies demonstrated 
that acute alcohol intoxication at the 
time of injury results in significant 
attenuated release of counterregulatory 
hormones and potent vasoconstrictors 
such as arginine vasopressin (AVP), 
epinephrine, and norepinephrine in 
response to fixed-pressure hemorrhage 
(Phelan et al. 2002). A disruption in 
the neuroendocrine response with 
alcohol intoxication at the time of 
injury is associated with enhanced 
expression of lung and spleen TNF-α 
as well as suppression of circulating 
neutrophil function, which would  
be expected to enhance the risk for 
tissue injury (Whitaker et al. 2010). 
Conversely, Sato and colleagues 

(2013) demonstrated that alcohol 
aggravates hemorrhagic shock in a 
dose-dependent manner not by trig-
gering an immune response but by 
suppressing hormonal and neuro- 
humoral responses, thereby inhibiting 
hemodynamic auto-regulation and 
shortening the survival interval. Thus, 
both alcohol and hemorrhagic shock 
have detrimental effects on neuro- 
endocrine responses that are likely  
to modulate the host immune system 
in addition to impacting on hemo- 
dynamic stability and recovery and 
accentuating tissue hypoperfusion  
and end-organ injury.

Alcohol and Traumatic  
Brain Injury

Traumatic brain injury (TBI) accounts 
for approximately 50 percent of all 
trauma-related mortality (Centers for 
Disease Control and Prevention 2012b). 
TBI affects multiple sectors of the 
population, and young males have  
the highest rates of hospital visits and 
death (Faul et al. 2010). Falls are the 
first leading cause of TBI, followed by 
motor vehicle accidents and uninten-
tional trauma sustained during sports 
activities such as football or boxing. 
TBI can be categorized as mild, moder-
ate, or severe, and the majority of TBIs 
sustained in the United States are in the 
mild category (Centers for Disease 
Control and Prevention 2012b). In 
addition to the physical dysfunction 
caused by injury, TBI patients frequently 
experience lingering psychological 
symptoms, such as heightened anxiety, 
depression, sleep disturbances, and 
pain hypersensitivity (Whyte et al. 
1996). These symptoms have been 
implicated in increased alcohol intake 
following TBI in humans (Adams  
et al. 2012). Furthermore, it is well 
accepted that alcohol consumption 
increases the risks of sustaining a TBI 
(Corrigan 1995; Hurst et al. 1994). 
Nevertheless, a comprehensive under-
standing of the influences of alcohol 
on TBI-induced inflammation, recovery 
from injury, and long-term damage 

currently is limited and is summarized 
in the following section (see figure 3). 

Neuroinflammation 
The pathophysiology of TBI involves 
a primary mechanical injury followed 
by a secondary tissue injury resulting 
from neuroinflammation (Werner and 
Engelhard 2007). A large percentage 
of TBI victims show signs of further 
deterioration following the event 
(Sauaia et al. 1995). This suggests the 
induction of a secondary brain injury 
and immune activation as the key 
cascades contributing to the patho-
physiological processes of the secondary 
damage (Cederberg and Siesjo 2010). 
After TBI, a series of events occurs, 
including the activation of resident 
immune cells such as astrocytes and 
microglia, release of pro-inflammatory 
cytokines and chemokines, upregulation 
of endothelial adhesion molecules, 
and recruitment and activation of 
blood-derived leukocytes across the 
disrupted blood brain barrier (Feuerstein 
et al. 1998; Morganti-Kossmann et al. 
2001; Ransohoff 2002). An increase 
in the levels of TNF-α in the serum or 
cerebrospinal fluid in victims of TBI 
also has been detected in rodents 
following closed head injury (Goodman 
et al. 1990; Ross et al. 1994; Shohami 
et al. 1994). IL-1β is released after 
TBI (Fan et al. 1995) and induces 
nuclear factor-kappa B (NF-κ B), a 
key transcription factor that regulates 
the expression of genes encoding cyto-
kines, as well as inducible NO synthase 
(iNOS), and cyclooxygenase-2 (COX-
2) (Blanco and Guerri 2007; Woodroofe 
et al. 1991; Ziebell and Morganti-
Kossmann 2010). Following the rise 
of early cytokines, the release of IL-6  
is associated with increased acute-phase 
proteins, as well as blood–brain barrier 
disruption (Kossmann et al. 1995; 
Shohami et al. 1994; Woodcock  
and Morganti-Kossmann 2013) and 
sustained elevation of chemokines 
such as chemokine (C-C motif) 
ligand-2 (CCL-2) in the cerebrospinal 
fluid for as long as 10 days post-injury 
(Semple et al. 2010). Although early 
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cytokine release is essential in mediat-
ing the reparative processes after injury 
(Ziebell and Morganti-Kossmann 
2010), sustained elevation of pro- 
inflammatory mediators has been 
increasingly recognized to play a role 
in neuropathological changes associated 
with long-term degenerative diseases 
(Fan et al. 1995; Lyman et al. 2014). 
Accordingly, the additional risks of 
alcohol as a factor contributing to  
the alterations of TBI-induced neuro- 
inflammatory processes may affect  
the overall recovery. 

Alcohol exerts a profound impact 
on neuroinflammation. Although 
there are some conflicting reports in 
the literature about the role of alcohol 
on recovery, the major findings are 

summarized here. Some animal stud-
ies suggest that acute alcohol adminis-
tration prior to TBI leads to an early 
reduction in the levels of pro-inflam-
matory cytokines and chemokines in 
the injured cortex, hippocampus, and 
hypothalamus, as well as in the serum 
shortly after TBI (Goodman et al. 
2013; Gottesfeld et al. 2002). Recent 
studies also have confirmed that acute 
alcohol intoxication at the time of  
TBI does not exacerbate the expression 
of pro-inflammatory cytokines and 
chemokines at 6 hours post-injury. 
However, results obtained at a later 
time point (24 hours) show a sustained 
mRNA expression of IL-1β, TNF-α, 
IL-6, and CCL-2 following a lateral 
fluid percussion injury in rodents that 

were alcohol-intoxicated at the time of 
TBI (Teng and Molina 2014). Overall, 
some preclinical studies suggest that 
acute alcohol treatment prior to TBI 
may lead to a suppressed release of 
pro-inflammatory mediators during 
the early phase post-injury. Thus, the 
temporal pattern of neuroinflamma-
tory responses and the impact of  
alcohol intoxication on neuroinflam-
matory responses are factors to 
consider when drawing conclusions 
on the role of alcohol in modulating 
the outcome from TBIs. 

Because the literature surrounding 
the relationship between acute alcohol 
intoxication and response to trauma is 
conflicting, it is important to consider 
the pattern of alcohol abuse and the 

Figure 3   Salient cardiovascular, pulmonary, and central nervous system pathophysiological consequences of alcohol abuse prior to, or at the time 
of, traumatic brain injury (TBI). The disruption in hemodynamic homeostasis resulting from TBI contributes to decreased cerebral perfusion 
pressure. The lung is affected through neurogenic mechanisms leading to neuropulmonary edema (NPE) and associated risk for acute 
lung injury (ALI) and adult respiratory distress syndrome (ARDS). In the brain (CNS), alcohol accentuates neuroinflammation, which is 
associated with neurobehavioral dysfunction that can potentially promote alcohol drinking. Together, these pathophysiological consequences 
increase morbidity and mortality from TBI. 
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model used in different studies. In 
general, reports in the literature indi-
cate that chronic alcohol exposure 
produces immune activation in the 
brain, inducing an enhanced pro-in-
flammatory state, as evidenced by the 
presence of CCL-2 and microglial 
activation in postmortem brains of 
human alcoholics (He and Crews 2008). 
Animal studies show that chronic, 
intermittent binge alcohol administra-
tion to rodents results in increased 
microglial activation and inflammatory 
cytokine expression in the cortex and 
hippocampus (Zhao et al. 2013). In 
addition, Crews and colleagues (2004) 
have found that chronic alcohol treat-
ment induces expression of inflamma-
tory cytokines such as TNF-α, which 
further activates resident glial cells to 
secrete additional pro-inflammatory 
cytokines and chemokines, resulting 
in an increased immune activation in 
the brain. The overall pro-inflammatory 
effects of alcohol also have been shown 
by Guerri and colleagues (2007) who 
reported alcohol-mediated stimulation 
of TLR-4 and IL-1 receptor signaling 
pathways, including extracellular  
regulated-kinase 1/2 (ERK1/2), 
stress-activated protein kinase/c-Jun 
N-terminal kinases (JNK), and p38 
mitogen-activated protein kinase 
(MAPK), as well as the expression of 
NF-kB, activator protein-1 (AP-1), 
iNOS, and COX-2 in cultured glial 
cells (Alfonso-Loeches et al. 2010; 
Fernandez-Lizarbe et al. 2009). The 
role of TLR4 has been identified in 
studies where 5 months of chronic 
alcohol administration increased glial 
activation and levels of caspase-3, 
iNOS, COX-2, and cytokines (IL-1β, 
TNF-α, and IL-6) in the cerebral 
cortex of wild-type mice but not in 
the TLR-4–deficient mice (Alfonso-
Loeches et al. 2010). Another mediator 
of alcohol-mediated neuroinflamma-
tion is high-mobility group protein B1 
(HMGB1), which has been reported 
to be increased along with TLR-2, 
TLR-3, and TLR-4 in postmortem 
brains of human alcoholics (Alfonso-
Loeches et al. 2010). Despite a substan-
tial amount of evidence showing 

increased neuroinflammatory responses 
to chronic alcohol exposure, there 
have not been sufficient preclinical 
studies performed to determine the 
combined effect of chronic alcohol 
consumption and TBI on neuro- 
immune activation. Because both TBI 
and alcohol can induce inflammation 
in the brain, we speculate that the 

combination of the two events would 
further accentuate neuroinflammation. 

Retrospective studies have revealed 
that outside of the central nervous 
system, peripheral organ damage can 
contribute to the increased mortality 
rate among TBI patients as a result  
of cardiovascular, pulmonary, and 
endocrine dysfunction (Gennarelli  
et al. 1989; Shavelle et al. 2001). 
More specifically, TBI patients have 
an increased incidence of ALI, pulmo-
nary infection, neuroendocrine alter-
ations, and cardiovascular dysfunction 
during the post-injury period (Vermeij 
et al. 2013). Although the combined 
effects of alcohol and TBI and the role 
of local or systemic immune responses  
in peripheral organs are understudied, 
the current knowledge is summarized 
below (figure 3).

Pulmonary System
ALI, one of the most common 
nonneurologic complications follow-
ing TBI, results from acute pulmonary 
edema and inflammation and can lead 
to ARDS (Holland et al. 2003; Johnson 
and Matthay 2010). ALI is character-
ized by hypoxemia, loss of lung compli-

ance, and bilateral chest infiltrates 
(Dushianthan et al. 2011). Development 
of ALI post-TBI has been associated 
with increased inpatient mortality 
following injury and worse long-term 
neurologic outcome in survivors of 
TBI (Bratton and Davis 1997; Holland 
et al. 2003). Post-TBI medical inter-
ventions including induced systemic 
hypertension and mechanical ventila-
tion can result in nonneurogenic ALI 
(Contant et al. 2001; Lou et al. 2013). 
Development of neurogenic pulmo-
nary edema (NPE) occurs minutes  
to hours following TBI and typically 
resolves within days (Bratton and 
Davis 1997). The possible underlying 
factors in NPE are the severity of 
injury leading to increased intracranial 
pressure and the subsequent increased 
circulating catecholamines (Demling 
and Riessen 1990). TBI also is associated 
with greater incidence of pulmonary 
infections than that seen following 
major surgeries, burn injury, and poly-
trauma (Dziedzic et al. 2004). Clinical 
reports indicate that over 40 percent 
of TBI patients with artificial ventila-
tion develop pneumonia and are four 
times more likely to die from pneu-
monia (Harrison-Felix et al. 2006). 
The increased risk of developing pneu-
monia post-TBI is potentially attributed 
in part to a systemic immune response 
syndrome (SIRS) characterized by 
increased circulating pro-inflammatory 
cytokines (TNF-a and IL-6) (Keel and 
Trentz 2005; Kossmann et al. 1995). 

The combined impact of alcohol 
and TBI on pulmonary infections has 
been minimally investigated. Although, 
epidemiological studies have shown 
that in trauma patients, chronic alcohol 
abuse can independently increase the 
risk of ALI and ARDS two- to four-
fold (Guidot and Hart 2005). In a 
prospective study of traumatic injury 
patients with evidence of acute alcohol 
intoxication or chronic alcohol abuse, 
chronic alcohol was associated with 
increased incidence of pneumonia or 
respiratory failure as a result of its 
immunosuppressive effects. However, 
no significant increase in incidence of 
pneumonia or respiratory failure and 
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mortality was observed in patients 
with acute alcohol intoxication with 
BAC above 100mg/dL (De Guise et 
al. 2009; Jurkovich et al. 1993). The 
importance of length and amount of 
pre-existing alcohol intake and TBI 
severity may be the key factors in 
determining a patient’s risk for pneu-
monia. Taken together, the potential 
effects of chronic alcohol abuse and 
TBI could potentiate and further 
increase immunosuppression or 
immune dysfunction, thus leading to 
greater susceptibility for pneumonia, 
ARDS, and ultimately death. 

Neuroendocrine System
TBI can lead to a variety of neuroen-
docrine abnormalities, such as gonad-
otropin deficiency, growth hormone 
deficiency, corticotrophin deficiency, 
and vasopressin alterations (Behan and 
Agha 2007; Powner and Boccalandro 
2008). As a result of the mechanical 
compression to the pituitary gland or 
disruption of the pituitary stalk, hypo-
pituitarism can occur and corticotro-
phin insufficiency is commonly 
observed after TBI (Agha et al. 2004; 
Cohan et al. 2005). Excessive alcohol 
use also has been reported to be associ-
ated with neuroendocrine dysfunction, 
notably in the form of altered regulation 
of hypothalamic–pituitary–adrenal 
axis (HPA), resulting in a decreased 
corticotrophin release (Behan and Agha 
2007; Helms et al. 2014). Therefore, 
it is possible that the combination  
of alcohol and TBI-induced HPA 
dysfunction can lead to a dampened 
cortisol release, which may have  
an impact on the immune system. 
Interestingly, a hyperadrenergic state 
marked by elevated levels of catechol-
amines can occur after TBI, and  
alcohol intoxication at the time of 
TBI has been shown to blunt the 
sympatho-adrenal activation in a 
dose-dependent manner (Woolf et al. 
1990). Vasopressin has been suggested 
to play a role in blood brain barrier 
disruption, edema formation, and  
the production of pro-inflammatory 
mediators after TBI (Szmydynger-   

Chodobska et al. 2010). Vasopressin 
abnormalities leading to diabetes insip-
idus or the syndrome of inappropriate 
anti-diuretic hormone (SIADH) 
frequently are observed after TBI 
(Behan and Agha 2007), and acute 
alcohol intoxication is known to alter 
AVP release (Taivainen et al. 1995). 
Whether alcohol intoxication at the 
time of TBI or during the recovery 
period from TBI further dysregulates 
these neuroendocrine mechanisms 
remains to be examined.

Cardiovascular System
Cardiovascular complications includ-
ing slow heart rate (i.e., bradycardia), 
hypotension, electrocardiographic 
changes, arrhythmias, and increased 
circulating cardiac enzymes have been 
reported following TBI (Bourdages  
et al. 2010; Wittebole et al. 2005). 
Chronic alcohol abuse alone can lead 
to alcoholic cardiomyopathy and 
potentially heart failure (Skotzko et  
al. 2009), and the underlying etiology 
has been reviewed (Lang et al. 2005). 
Several studies by Zink and colleagues 
(1998a,b, 2006) focused on the 
combined effects of acute alcohol 
intoxication on hemorrhagic shock 
and TBI in swine, showing decreased 
survival time, lowered MABP, and 
reduced cerebral perfusion pressure, 
which may worsen secondary brain 
injury. These studies did not investi-
gate alterations in immune function or 
expression and levels of immune modu-
lators or their actions on cardiovascular 
function. Overall, the post-TBI 
cardiovascular complications, including 
vascular function, have been understud-
ied in both clinical and experimental 
models of TBI. More specifically, the 
combined impact of alcohol, TBI, and 
immune alterations on cardiovascular 
dysfunction and disease progression 
has not been examined. A possible 
prediction is that chronic alcohol- 
induced immunosuppression would 
worsen post-TBI cardiovascular 
complications; and in chronic alcoholics, 
dilated cardiomyopathy may compound 
TBI-related cardiovascular complica-

tions increasing morbidity and 
mortality.

Summary

The deleterious effects of alcohol on 
the immune system in three traumatic 
injuries are discussed in this review 
and are summarized in figures 1, 2, and 
3. It is evident that, independently, 
acute or chronic alcohol consumption 
and traumatic injury negatively modu-
late the immune system, and the end 
result is an uncontrolled release of 
inflammatory mediators. The most 
important message of this review is the 
accumulation of evidence that alcohol 
combined with traumatic injury can 
significantly affect morbidity and 
mortality through disruption in host 
immune responses. Following burn 
injury, for instance, the risk for infection 
is greatly increased because of increased 
gut permeability and increased pro- 
inflammatory cytokine expression in 
the lungs (figure 1). Alcohol use follow-
ing hemorrhage can increase inflam-
mation and oxidative stress in the gut 
while decreasing lung barrier function 
and subsequently increasing suscepti-
bility to infection (figure 2). In the 
central nervous system, alcohol use 
following TBI can increase neuroin-
flammation and prolong the recovery 
period (figure 3). Overall this informa-
tion is important, because it provides a 
wealth of evidence that alcohol 
combined with trauma is a dramatic 
and preventable cause of increased 
morbidity and mortality following 
injury. Mechanistically, two common 
pro-inflammatory cytokines that are 
consistently upregulated in all burn 
injury, hemorrhagic shock, and TBI 
are TNF-α and IL-6. A fuller under-
standing of their temporal pattern of 
expression and downstream effects 
requires further investigation. Although 
the studies described in this review 
have generated important information 
on the impact of alcohol combined 
with different types of traumatic injury, 
and the resultant adverse effects on the 
immune system, further preclinical 
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and clinical studies to dissect the 
complex cascade of immunomodula-
tion following injury are necessary. 
Specifically, further investigation is 
warranted to determine the underly-
ing mechanisms involved in immune 
modulation by acute or chronic alcohol 
intake and the effects on (1) metabo-
lism and the cardiovascular system 
following burn, (2) the neuroendo-
crine system following hemorrhagic 
shock, and (3) neuroinflammation and 
the neuroendocrine system following 
traumatic injury. The responses of the 
immune system to these inflammatory 
stimuli are variable and appear to be 
dependent on the severity of the injury, 
comorbidities, and the level of alcohol 
intoxication. Thus, it is necessary to 
systemically address these variables for 
translational research to identify poten-
tial therapeutic strategies. Furthermore, 
therapeutic targets for immunomodu-
lation and attenuation of tissue injury 
in intoxicated and injured patients are 
likely to reduce morbidity and mortal-
ity and improve post-injury quality of 
life among these patients.

Acknowledgments

We thank Dr. Liz Simon for her  
intellectual contribution to this  
review and Rebecca Gonzales for  
her editorial support.

Financial Disclosure

The authors declare that they have no 
competing financial interests.

References 
Abraham, E. T- and B-cell function and their roles in 
resistance to infection. New Horizons 1(1):28–36, 
1993. PMID: 7922390

Adams, Z.W.; Kaiser, A.J.; Lynam, D.R.; et al. Drinking 
motives as mediators of the impulsivity-substance use 
relation: Pathways for negative urgency, lack of premed-
itation, and sensation seeking. Addictive Behaviors 
37(7):848–855, 2012. PMID: 22472524

Agha, A.; Rogers, B.; Mylotte, D.; et al. Neuroendocrine 
dysfunction in the acute phase of traumatic brain injury. 

Clinical Endocrinology 60(5):584–591, 2004. PMID: 
15104561

Alfonso-Loeches, S.; Pascual-Lucas, M.; Blanco, A.M.; et 
al. Pivotal role of TLR4 receptors in alcohol-induced 
neuroinflammation and brain damage. Journal of 
Neuroscience 30(24):8285–8295, 2010. PMID: 
20554880

Angele, M.K.; Knoferl, M.W.; Schwacha, M.G.; et al. 
Hemorrhage decreases macrophage inflammatory 
protein 2 and interleukin-6 release: A possible mecha-
nism for increased wound infection. Annals of Surgery 
229(5):651–660; discussion 660–661, 1999. PMID: 
10235523

Arbabi, S.; Garcia, I.; Bauer, G.J.; and Maier, R.V. 
Alcohol (ethanol) inhibits IL-8 and TNF: Role of the p38 
pathway. Journal of Immunology 162(12):7441–7445, 
1999. PMID: 10358198

Ayala, A.; Wang, P.; Ba, Z.F.; et al. Differential alter-
ations in plasma IL-6 and TNF levels after trauma and 
hemorrhage. American Journal of Physiology 260(1 Pt. 
2):R167–R171, 1991. PMID: 1992817

Baker, C.C.; Oppenheimer, L.; Stephens, B.; et al. 
Epidemiology of trauma deaths. American Journal  
of Surgery 140(1):144–150, 1980. PMID: 7396078

Baker, R.C., and Jerrells, T.R. Recent developments in 
alcoholism: Immunological aspects. Recent Developments 
in Alcoholism 11:249–271, 1993. PMID: 8234926

Beech, D.J., and Mercadel, R. Correlation of alcohol 
intoxication with life-threatening assaults. Journal of the 
National Medical Association 90(12):761–764, 1998. 
PMID: 9884496

Behan, L.A., and Agha, A. Endocrine consequences of 
adult traumatic brain injury. Hormone Research 
68(Suppl. 5):18–21, 2007. PMID: 18174698

Bessey, P.Q.; Phillips, B.D.; Lentz, C.W.; et al. Synopsis of 
the 2013 annual report of the National Burn Repository. 
Journal of Burn Care & Research 35(Suppl. 2):S218–
S234, 2014. PMID: 24642761

Bird, M.D., and Kovacs, E.J. Organ-specific inflammation 
following acute ethanol and burn injury. Journal of 
Leukocyte Biology 84(3):607–613, 2008. PMID: 18362209

Bird, M.D.; Morgan, M.O.; Ramirez, L.; et al. Decreased 
pulmonary inflammation after ethanol exposure and 
burn injury in intercellular adhesion molecule-1 knock-
out mice. Journal of Burn Care & Research 31(4):652–
660, 2010. PMID: 20616655

Blanco, A.M., and Guerri, C. Ethanol intake enhances 
inflammatory mediators in brain: Role of glial cells and 
TLR4/IL-1RI receptors. Frontiers in Bioscience 12:2616–
2630, 2007. PMID: 17127267

Boe, D.M.; Vandivier, R.W.; Burnham, E.L.; and Moss, M. 
Alcohol abuse and pulmonary disease. Journal of Leukocyte 
Biology 86(5):1097–1104, 2009. PMID: 19602670

Bourdages, M.; Bigras, J.L.; Farrell, C.A.; et al. Cardiac 
arrhythmias associated with severe traumatic brain 
injury and hypothermia therapy. Pediatric Critical Care 
Medicine 11(3):408–414, 2010. PMID: 20464781

Bratton, S.L., and Davis, R.L. Acute lung injury in isolated 
traumatic brain injury. Neurosurgery 40(4):707–712; 
discussion 712, 1997. PMID: 9092843

Brown, L.A.; Cook, R.T.; Jerrells, T.R.; et al. Acute and 
chronic alcohol abuse modulate immunity. Alcoholism: 
Clinical and Experimental Research 30(9):1624–1631, 
2006. PMID: 16930226

Brown, L.A.; Ping, X.D.; Harris, F.L.; and Gauthier, T.W. 
Glutathione availability modulates alveolar macrophage 
function in the chronic ethanol-fed rat. American 
Journal of Physiology. Lung Cellular and Molecular 
Physiology 292(4):L824–L832, 2007. PMID: 17122355

Carter, E.A.; Burks, D.; Fischman, A.J.; et al. Insulin 
resistance in thermally-injured rats is associated with 
post-receptor alterations in skeletal muscle, liver and 
adipose tissue. International Journal of Molecular 
Medicine 14(4):653–658, 2004. PMID: 15375597

Carter, E.A.; Tompkins, R.G.; Schiffrin, E.; and Burke, J.F. 
Cutaneous thermal injury alters macromolecular perme-
ability of rat small intestine. Surgery 107(3):335–341, 
1990. PMID: 2309150

Cederberg, D., and Siesjo, P. What has inflammation to 
do with traumatic brain injury? Child’s Nervous System 
26:221–226, 2010. PMID: 19940996

Centers for Disease Control and Prevention (CDC). 
Web-based Injury Statistics Query and Reporting System 
2009. Atlanta: CDC, 2009. Available at: http://www.cdc.
gov/injury/wisqars/pdf/leading_causes_of_death_by_
age_group_2012-a.pdf. Accessed March 3, 2015.

Centers for Disease Control and Prevention. CDC—
Chronic Disease—Excessive Alcohol Use—At a Glance. 
Atlanta: CDC, 2012a. Available at: http://www.cdc.gov/
alcohol. Accessed March 3, 2015.

Centers for Disease Control and Prevention. CDC—
Statistics—Injury Prevention & Control: Traumatic Brain 
Injury. Atlanta: CDC, 2012b. Available at: http://www.
cdc.gov/traumaticbraininjury/. Accessed March 3, 2015.

Chen, M.M.; Bird, M.D.; Zahs, A.; et al. Pulmonary 
inflammation after ethanol exposure and burn injury is 
attenuated in the absence of IL-6. Alcohol 47(3):223–
229, 2013. PMID: 23462222

Choudhry, M.A.; Fazal, N.; Goto, M.; et al. Gut-associated 
lymphoid T cell suppression enhances bacterial translo-
cation in alcohol and burn injury. American Journal of 
Physiology. Gastrointestinal and Liver Physiology 
282(6):G937–G947, 2002. PMID: 12016118

Choudhry, M.A.; Messingham, K.A.; Namak, S.; et al. 
Ethanol exacerbates T cell dysfunction after thermal 
injury. Alcohol 21(3):239–243, 2000. PMID: 11091027

Cohan, P.; Wang, C.; McArthur, D.L.; et al. Acute 
secondary adrenal insufficiency after traumatic brain 
injury: A prospective study. Critical Care Medicine 
33(10):2358–2366, 2005. PMID: 16215393

Contant, C.F.; Valadka, A.B.; Gopinath, S.P.; et al. Adult 
respiratory distress syndrome: A complication of induced 
hypertension after severe head injury. Journal of 
Neurosurgery 95(4):560–568, 2001. PMID: 11596949

Corrigan, J.D. Substance abuse as a mediating factor in 
outcome from traumatic brain injury. Archives of Physical 



Alcohol Effects Following Burn, Hemorrhagic Shock, or Brain Injury| 275

Medicine and Rehabilitation 76(4):302–309, 1995. 
PMID: 7717829

Cree, M.G.; Zwetsloot, J.J.; Herndon, D.N.; et al. Insulin 
sensitivity and mitochondrial function are improved in 
children with burn injury during a randomized controlled 
trial of fenofibrate. Annals of Surgery 245(2):214–221, 
2007. PMID: 17245174

Crews, F.T.; Collins, M.A.; Dlugos, C.; et al. Alcohol-
induced neurodegeneration: When, where and why? 
Alcoholism: Clinical and Experimental Research 
28(2):350–364, 2004. PMID: 15112943

Cuthbertson, D.P.; Angeles Valero Zanuy, M.A.; and 
León Sanz, M.L. Post-shock metabolic response, 1942. 
Nutrición Hospitalaria 16(5):176–182; discussion 
175–176, 2001. PMID: 11708288

De Guise, E.; Leblanc, J.; Dagher, J.; et al. Early 
outcome in patients with traumatic brain injury, pre-in-
jury alcohol abuse and intoxication at time of injury. 
Brain Injury 23(11):853–865, 2009. PMID: 20100121

de la Monte, S.; Derdak, Z.; and Wands, J.R. Alcohol, 
insulin resistance and the liver-brain axis. Journal of 
Gastroenterology and Hepatology 27(Suppl. 2):33–41, 
2012. PMID: 22320914

Deitch, E.A. The role of intestinal barrier failure and 
bacterial translocation in the development of systemic 
infection and multiple organ failure. Archives of Surgery 
125(3):403–404, 1990. PMID: 2407230

Deitch, E.A., and Berg, R. Bacterial translocation from 
the gut: A mechanism of infection. Journal of Burn Care 
& Rehabilitation 8(6):475–482, 1987. PMID: 3125184

Deitch, E.A.; Morrison, J.; Berg, R.; and Specian, R.D. 
Effect of hemorrhagic shock on bacterial translocation, 
intestinal morphology, and intestinal permeability in 
conventional and antibiotic-decontaminated rats. Critical 
Care Medicine 18(5):529–536, 1990. PMID: 2328600

Demling, R., and Riessen, R. Pulmonary dysfunction 
after cerebral injury. Critical Care Medicine 18(7):768–
774, 1990. PMID: 2194747

D’Souza, N.B.; Bagby, G.J.; Nelson, S.; et al. Acute 
alcohol infusion suppresses endotoxin-induced serum 
tumor necrosis factor. Alcoholism: Clinical and 
Experimental Research 13(2):295–298, 1989. PMID: 
2658671

Dushianthan, A.; Grocott, M.P.; Postle, A.D.; and 
Cusack, R. Acute respiratory distress syndrome and 
acute lung injury. Postgraduate Medicine Journal 
87(1031):612–622, 2011. PMID: 21642654

Dziedzic, T.; Slowik, A.; and Szczudlik, A. Nosocomial 
infections and immunity: Lesson from brain-injured 
patients. Critical Care 8:266–270, 2004. PMID: 
15312209

Elliott, M.K.; Sisson, J.H.; and Wyatt, T.A. Effects of 
cigarette smoke and alcohol on ciliated tracheal epithe-
lium and inflammatory cell recruitment. American 
Journal of Respiratory Cell and Molecular Biology 
36(4):452–459, 2007. PMID: 17079783

Ertel, W.; Singh, G.; Morrison, M.H.; et al. Chemically 
induced hypotension increases PGE2 release and 
depresses macrophage antigen presentation. American 

Journal of Physiology 264(4 Pt. 2):R655–R660, 1993. 
PMID: 8476108

Fan, L.; Young, P.R.; Barone, F.C.; et al. Experimental 
brain injury induces expression of interleukin-1 beta 
mRNA in the rat brain. Brain Research. Molecular Brain 
Research 30(1):125–130, 1995. PMID: 7609633

Faul, M.; Xu, L.; Wald, M.M.; et al. Traumatic Brain Injury 
in the United States: Emergency Department Visits, 
Hospitalizations and Deaths 2002–2006. Atlanta, GA: 
U.S. Department of Health and Human Services, CDC, 
2010. Available at: http://www.cdc.gov/traumaticbrainin-
jury/pdf/blue_book.pdf. Accessed March 3, 2015.

Faunce, D.E.; Garner, J.L.; Llanas, J.N.; et al. Effect of 
acute ethanol exposure on the dermal inflammatory 
response after burn injury. Alcoholism: Clinical and 
Experimental Research 27(7):1199–1206, 2003. PMID: 
12878929

Faunce, D.E.; Gregory, M.S.; and Kovacs, E.J. Acute 
ethanol exposure prior to thermal injury results in 
decreased T-cell responses mediated in part by 
increased production of IL-6. Shock 10(2):135–140, 
1998. PMID: 9721981

Faunce, D.E.; Gregory, M.S.; and Kovacs, E.J. Effects of 
acute ethanol exposure on cellular immune responses in 
a murine model of thermal injury. Journal of Leukocyte 
Biology 62(6):733–740, 1997. PMID: 9400814

Fernandez-Lizarbe, S.; Pascual, M.; and Guerri, C. 
Critical role of TLR4 response in the activation of microg-
lia induced by ethanol. Journal of Immunology 183(7): 
4733–4744, 2009. PMID: 19752239

Feuerstein, G.Z.; Wang, X.; and Barone, F.C. The role of 
cytokines in the neuropathology of stroke and neurotrauma. 
Neuroimmunomodulation 5(3–4):143–159, 1998. 
PMID: 9730680

Fink, M.P. Gastrointestinal mucosal injury in experimen-
tal models of shock, trauma, and sepsis. Critical Care 
Medicine 19(5):627–641, 1991. PMID: 2026025

Gao, L.; Zhang, X.; Wang, F.R.; et al. Chronic ethanol 
consumption up-regulates protein-tyrosine phospha-
tase-1B (PTP1B) expression in rat skeletal muscle.  
Acta Pharmacologica Sinica 31(12):1576–1582, 2010. 
PMID: 21102485

Gauglitz, G.G.; Herndon, D.N.; Kulp, G.A.; et al. 
Abnormal insulin sensitivity persists up to three years  
in pediatric patients post-burn. Journal of Clinical 
Endocrinology and Metabolism 94(5):1656–1664, 
2009. PMID: 19240154

Gennarelli, T.A.; Champion, H.R.; Sacco, W.J.; et al. 
Mortality of patients with head injury and extracranial 
injury treated in trauma centers. Journal of Trauma 
29(9):1193–1201; discussion 1201–1202, 1989. 
PMID: 2769804

Goodman, J.C.; Robertson, C.S.; Grossman, R.G.; and 
Narayan, R.K. Elevation of tumor necrosis factor in head 
injury. Journal of Neuroimmunology 30(2):213–217, 
1990. PMID: 2229409

Goodman, M.D.; Makley, A.T.; Campion, E.M.; et al. 
Preinjury alcohol exposure attenuates the neuroinflam-
matory response to traumatic brain injury. Journal of 

Surgical Research 184(2):1053–1058, 2013. PMID: 
23721933

Gottesfeld, Z.; Moore, A.N.; and Dash, P.K. Acute etha-
nol intake attenuates inflammatory cytokines after brain 
injury in rats: A possible role for corticosterone. Journal 
of Neurotrauma 19(3):317–326, 2002. PMID: 
11939499

Greiffenstein, P.; Mathis, K.W.; Stouwe, C.V.; and 
Molina, P.E. Alcohol binge before trauma/hemorrhage 
impairs integrity of host defense mechanisms during 
recovery. Alcoholism: Clinical and Experimental 
Research 31(4):704–715, 2007. PMID: 17374050

Guidot, D.M., and Hart, C.M. Alcohol abuse and acute 
lung injury: Epidemiology and pathophysiology of a 
recently recognized association. Journal of Investigative 
Medicine 53(5):235–245, 2005. PMID: 16042957

Gurney, J.G.; Rivara, F.P.; Mueller, B.A.; et al. The 
effects of alcohol intoxication on the initial treatment 
and hospital course of patients with acute brain injury. 
Journal of Trauma 33(5):709–713, 1992. PMID: 1464920

Happel, K.I., and Nelson, S. Alcohol, immunosuppres-
sion, and the lung. Proceedings of the American 
Thoracic Society 2(5):428–432, 2005. PMID: 16322595

Harrison-Felix, C.; Whiteneck, G.; Devivo, M.J.; et al. 
Causes of death following 1 year postinjury among 
individuals with traumatic brain injury. Journal of Head 
Trauma Rehabilitation 21(1):22–33, 2006. PMID: 
16456389

Haum, A.; Perbix, W.; Hack, H.J.; et al. Alcohol and drug 
abuse in burn injuries. Burns 21(3):194–199, 1995. 
PMID: 7794500

He, J., and Crews, F.T. Increased MCP-1 and microglia 
in various regions of the human alcoholic brain. 
Experimental Neurology 210(2):349–358, 2008.  
PMID: 18190912

Helms, C.M.; Park, B.; and Grant, K.A. Adrenal steroid 
hormones and ethanol self-administration in male 
rhesus macaques. Psychopharmacology (Berlin) 
231(17):3425–3436, 2014. PMID: 24781519

Herndon, D.N., and Tompkins, R.G. Support of the meta-
bolic response to burn injury. Lancet 363(9424):1895–
1902, 2004. PMID: 15183630

Hierholzer, C.; Kalff, J.C.; Omert, L.; et al. Interleukin-6 
production in hemorrhagic shock is accompanied by 
neutrophil recruitment and lung injury. American Journal 
of Physiology 275(3 Pt. 1):L611–L621, 1998. PMID: 
9728057

Hillers, V.N., and Massey, L.K. Interrelationships of 
moderate and high alcohol consumption with diet and 
health status. American Journal of Clinical Nutrition 
41(2):356–362, 1985. PMID: 3969943

Holland, M.C.; Mackersie, R.C.; Morabito, D.; et al. The 
development of acute lung injury is associated with 
worse neurologic outcome in patients with severe trau-
matic brain injury. Journal of Trauma 55(1):106–111, 
2003. PMID: 12855888

Horton, J.W. Bacterial translocation after burn injury: 
The contribution of ischemia and permeability changes. 
Shock 1(4):286–290, 1994. PMID: 7735963



Hurst, P.M.; Harte, D.; and Frith, W.J. The Grand Rapids 
dip revisited. Accident: Analysis and Prevention 26(5): 
647–654, 1994. PMID: 7999209

Jeschke, M.G.; Barrow, R.E.; and Herndon, D.N. 
Extended hypermetabolic response of the liver in 
severely burned pediatric patients. Archives of Surgery 
139(6):641–647, 2004. PMID: 15197091

Jeschke, M.G.; Chinkes, D.L.; Finnerty, C.C.; et al. 
Pathophysiologic response to severe burn injury. Annals 
of Surgery 248(3):387–401, 2008. PMID: 18791359

Johnson, E.R., and Matthay, M.A. Acute lung injury: 
Epidemiology, pathogenesis, and treatment. Journal of 
Aerosol Medicine and Pulmonary Drug Delivery 23(4): 
243–252, 2010. PMID: 20073554

Jurkovich, G.J.; Rivara, F.P.; Gurney, J.G.; et al. The 
effect of acute alcohol intoxication and chronic alcohol 
abuse on outcome from trauma. JAMA 270(1):51–56, 
1993. PMID: 8510296

Jurkovich, G.J.; Rivara, F.P.; Gurney, J.G.; et al. Effects 
of alcohol intoxication on the initial assessment of 
trauma patients. Annals of Emergency Medicine 
21(6):704–708, 1992. PMID: 1590611

Kavanaugh, M.J.; Clark, C.; Goto, M.; et al. Effect of 
acute alcohol ingestion prior to burn injury on intestinal 
bacterial growth and barrier function. Burns 31(3):290–
296, 2005. PMID: 15774282

Keel, M., and Trentz, O. Pathophysiology of polytrauma. 
Injury 36(6):691–709, 2005. PMID: 15910820

Keogh, C.; Fong, Y.; Marano, M.A.; et al. Identification of 
a novel tumor necrosis factor alpha/cachectin from the 
livers of burned and infected rats. Archives of Surgery 
125(1):79–84; discussion 85, 1990. PMID: 2104745

Keshavarzian, A.; Fields, J.Z.; Vaeth, J.; and Holmes, 
E.W. The differing effects of acute and chronic alcohol 
on gastric and intestinal permeability. American Journal 
of Gastroenterology 89(12):2205–2211, 1994. PMID: 
7977243

Koren, S., and Fantus, I.G. Inhibition of the protein 
tyrosine phosphatase PTP1B: Potential therapy for 
obesity, insulin resistance and type-2 diabetes mellitus. 
Best Practice & Research. Clinical Endocrinology & 
Metabolism 21(4):621–640, 2007. PMID: 18054739

Korzick, D.H.; Sharda, D.R.; Pruznak, A.M.; and Lang, 
C.H. Aging accentuates alcohol-induced decrease in 
protein synthesis in gastrocnemius. American journal  
of Physiology. Regulatory, Integrative and Comparative 
Physiology 304(10):R887–R898, 2013. PMID: 23535459

Kossmann, T.; Hans, V.H.; Imhof, H.G.; et al. Intrathecal 
and serum interleukin-6 and the acute-phase response 
in patients with severe traumatic brain injuries. Shock 
4(5):311–317, 1995. PMID: 8595516

Kramer, G.C.; Lund, T.; and Beckum, O. Pathophysiology 
of burn shock and burn edema. In: Herndon, D.N., Ed. 
Total Burn Care, 3rd ed. London: Saunders, 2007, pp. 
93–106. 

Lang, C.H.; Derdak, Z.; and Wands, J.R. Strain-dependent 
differences for suppression of insulin-stimulated glucose 
uptake in skeletal and cardiac muscle by ethanol. 
Alcoholism: Clinical and Experimental Research 38(4): 
897–910, 2014. PMID: 22460535

Lang, C.H.; Frost, R.A.; Summer, A.D.; and Vary, T.C. 
Molecular mechanisms responsible for alcohol-induced 
myopathy in skeletal muscle and heart. International 
Journal of Biochemistry & Cell Biology 37(10):2180–
2195, 2005. PMID: 15982919

Li, X.; Kovacs, E.J.; Schwacha, M.G.; et al. Acute  
alcohol intoxication increases interleukin-18-mediated 
neutrophil infiltration and lung inflammation following 
burn injury in rats. American Journal of Physiology. Lung 
Cellular and Molecular Physiology 292(5):L1193–
L1201, 2007. PMID: 17220368

Li, X.; Schwacha, M.G.; Chaudry, I.H.; and Choudhry, 
M.A. Acute alcohol intoxication potentiates neutro-
phil-mediated intestinal tissue damage after burn injury. 
Shock 29(3):377–383, 2008. PMID: 18000475

Livingston, D.H., and Malangoni, M.A. Interferon-gamma 
restores immune competence after hemorrhagic shock. 
Journal of Surgery Research 45(1):37–43, 1988. PMID: 
3134579

Lou, M.; Chen, X.; Wang, K.; et al. Increased intracranial 
pressure is associated with the development of acute 
lung injury following severe traumatic brain injury. 
Clinical Neurology and Neurosurgery 115(7):904–908, 
2013. PMID: 23010612

Lyman, M.; Lloyd, D.G.; Ji, X.; et al. Neuroinflammation: 
The role and consequences. Neuroscience Research 
79:1–2, 2014. PMID: 24144733

Madden, K.S.; Sanders, V.M.; and Felten, D.L. 
Catecholamine influences and sympathetic neural 
modulation of immune responsiveness. Annual Review 
of Pharmacology and Toxicology 35:417–448, 1995. 
PMID: 7598501

Magnotti, L.J.; Xu, D.Z.; Lu, Q.; and Deitch, E.A. 
Gut-derived mesenteric lymph: A link between burn and 
lung injury. Archives of Surgery 134(12):1333–1340; 
discussion 1340–1341, 1999. PMID: 10593331

Mathis, K.W.; Zambell, K.; Olubadewo, J.O.; and Molina, 
P.E. Altered hemodynamic counter-regulation to hemor-
rhage by acute moderate alcohol intoxication. Shock 
26(1):55–61, 2006. PMID: 16783199

McDonough, K.H.; Giaimo, M.E.; Miller, H.I.; and 
Gentilello, L.M. Low-dose ethanol alters the cardiovascu-
lar, metabolic, and respiratory compensation for severe 
blood loss. Journal of Trauma 53(3):541–548; discus-
sion 548, 2002. PMID: 12352494

McGill, V.; Kowal-Vern, A.; Fisher, S.G.; et al. The impact 
of substance use on mortality and morbidity from ther-
mal injury. Journal of Trauma 38(6):931–934, 1995. 
PMID: 7602638

McGwin, G., Jr.; Chapman, V.; Rousculp, M.; et al. The 
epidemiology of fire-related deaths in Alabama, 1992–
1997. Journal of Burn Care & Rehabilitation 21(1 Pt. 
1):75–83, 2000. PMID: 10661543

Mehta, A.J., and Guidot, D.M. Alcohol abuse, the alveo-
lar macrophage and pneumonia. American Journal of 
the Medical Science 343(3):244–247, 2012. PMID: 
22173040

Messingham, K.A.; Faunce, D.E.; and Kovacs, E.J. 
Alcohol, injury, and cellular immunity. Alcohol 28(3): 
137–149, 2002. PMID: 12551755

Messingham, K.A.; Fontanilla, C.V.; Colantoni, A.; et al. 
Cellular immunity after ethanol exposure and burn 
injury: Dose and time dependence. Alcohol 22(1):35–
44, 2000. PMID: 11109026

Molina, P.E. Neurobiology of the stress response: 
Contribution of the sympathetic nervous system to the 
neuroimmune axis in traumatic injury. Shock 24(1):3–
10, 2005. PMID: 15988314

Molina, P.E.; Bagby, G.J.; and Stahls, P. Hemorrhage 
alters neuroendocrine, hemodynamic, and compart-
ment-specific TNF responses to LPS. Shock 16(6):459–
465, 2001. PMID: 11770045

Molina, P.E.; Happel, K.I.; Zhang, P.; et al. Focus on: 
Alcohol and the immune system. Alcohol Research & 
Health 33(1):97–108, 2010. PMID: 23579940

Molina, P.E.; Sulzer, J.K.; and Whitaker, A.M. Alcohol 
abuse and the injured host: Dysregulation of counterreg-
ulatory mechanisms review. Shock 39(3):240–249, 
2013. PMID: 23416555

Morganti-Kossmann, M.C.; Rancan, M.; Otto, V.I.; et al. 
Role of cerebral inflammation after traumatic brain 
injury: A revisited concept. Shock 16(3):165–177, 
2001. PMID: 11531017

Napolitano, L.M.; Koruda, M.J.; Zimmerman, K.; et al. 
Chronic ethanol intake and burn injury: Evidence for 
synergistic alteration in gut and immune integrity. Journal 
of Trauma 38(2):198–207, 1995. PMID: 7869435

Nelson, S.; Bagby, G.; Andresen, J.; et al. The effects of 
ethanol, tumor necrosis factor, and granulocyte colo-
ny-stimulating factor on lung antibacterial defenses. 
Advances in Experimental Medicine and Biology 
288:245–253, 1991. PMID: 1719751

Nicolas, J.M.; Estruch, R.; Antunez, E.; et al. Nutritional 
status in chronically alcoholic men from the middle 
socioeconomic class and its relation to ethanol intake. 
Alcohol and Alcoholism 28(5):551–558, 1993. PMID: 
8274179

Nicolas, J.M.; Fernandez-Sola, J.; Fatjo, F.; et al. 
Increased circulating leptin levels in chronic alcoholism. 
Alcoholism: Clinical and Experimental Research 25(1): 
83–88, 2001. PMID: 11198718

Nilsson, E., and Palmblad, J. Effects of ethanol on 
mechanisms for secretory and aggregatory responses  
of human granulocytes. Biochemical Pharmacology 
37(17):3237–3243, 1988. PMID: 2840909

Ono, M.; Yu, B.; Hardison, E.G.; et al. Increased suscep-
tibility to liver injury after hemorrhagic shock in rats 
chronically fed ethanol: Role of nuclear factor-kappa B, 
interleukin-6, and granulocyte colony-stimulating factor. 
Shock 21(6):519–525, 2004. PMID: 15167680

Patel, M.; Keshavarzian, A.; Kottapalli, V.; et al. Human 
neutrophil functions are inhibited in vitro by clinically 
relevant ethanol concentrations. Alcoholism: Clinical 
and Experimental Research 20(2):275–283, 1996. 
PMID: 8730218

Peitzman, A.B.; Billiar, T.R.; Harbrecht, B.G.; et al. 
Hemorrhagic shock. Current Problems in Surgery 
32(11):925–1002, 1995. PMID: 7587344

Pereira, C.T., and Herndon, D.N. The pharmacologic 
modulation of the hypermetabolic response to burns. 

276| Vol. 37, No. 2 Alcohol Research: C u r r e n t  R e v i e w s



Alcohol Effects Following Burn, Hemorrhagic Shock, or Brain Injury| 277

Advances in Surgery 39:245–261, 2005. PMID: 
16250555

Phelan, H.; Stahls, P.; Hunt, J.; et al. Impact of alcohol 
intoxication on hemodynamic, metabolic, and cytokine 
responses to hemorrhagic shock. Journal of Trauma 
52(4):675–682, 2002. PMID: 11956381

Pories, S.E.; Gamelli, R.L.; Vacek, P.; et al. Intoxication 
and injury. Journal of Trauma 32(1):60–64, 1992. 
PMID: 1732576

Powner, D.J., and Boccalandro, C. Adrenal insufficiency 
following traumatic brain injury in adults. Current 
Opinion in Critical Care 14(2):163–166, 2008. PMID: 
18388678

Pravdova, E., and Fickova, M. Alcohol intake modulates 
hormonal activity of adipose tissue. Endocrine 
Regulations 40(3):91–104, 2006. PMID: 17100551

Qin, Y.; Hamilton, J.L.; Bird, M.D.; et al. Adipose inflam-
mation and macrophage infiltration after binge ethanol 
and burn injury. Alcoholism: Clinical and Experimental 
Research 38(1):204–213, 2014. PMID: 23909743

Ransohoff, R.M. The chemokine system in neuroinflam-
mation: An update. Journal of Infectious Diseases 
186(Suppl. 2):S152–S156, 2002. PMID: 12424691

Rashbastep, J.; Turro, N.J.; and Cederbaum, A.I. 
Increased NADPH- and NADH-dependent production of 
superoxide and hydroxyl radical by microsomes after 
chronic ethanol treatment. Archives of Biochemistry and 
Biophysics 300(1):401–408, 1993. PMID: 12424691

Ross, S.A.; Halliday, M.I.; Campbell, G.C.; et al. The 
presence of tumour necrosis factor in CSF and plasma 
after severe head injury. British Journal of Neurosurgery 
8(4):419–425, 1994. PMID: 7811406

Roumen, R.M.; Hendriks, T.; van der Ven-Jongekrig, J.; 
et al. Cytokine patterns in patients after major vascular 
surgery, hemorrhagic shock, and severe blunt trauma. 
Relation with subsequent adult respiratory distress 
syndrome and multiple organ failure. Annals of Surgery 
218(6):769–776, 1993. PMID: 8257227

Sato, H.; Tanaka, T.; and Kasai, K. Ethanol consumption 
impairs the hemodynamic response to hemorrhagic 
shock in rats. Alcohol 47(1):47–52, 2013. PMID: 
23084028

Sauaia, A.; Moore, F.A.; Moore, E.E.; et al. Early predic-
tors of postinjury multiple organ failure. Archives of 
Surgery 129(1):39–45, 1994. PMID: 8279939

Sauaia, A.; Moore, F.A.; Moore, E.E.; et al. Epidemiology 
of trauma deaths: A reassessment. Journal of Trauma 
38(2):185–193, 1995. PMID: 7869433

Semple, B.D.; Bye, N.; Rancan, M.; et al. Role of CCL2 
(MCP-1) in traumatic brain injury (TBI): Evidence from 
severe TBI patients and CCL2-/- mice. Journal of 
Cerebral Blood Flow and Metabolism 30(4):769–782, 
2010. PMID: 20029451

Shavelle, R.M.; Strauss, D.; Whyte, J.; et al. Long-term 
causes of death after traumatic brain injury. American 
Journal of Physical Medicine & Rehabilitation 
80(7):510–516; quiz 517–519, 2001. PMID: 11421519

Shellito, J.E., and Olariu, R. Alcohol decreases 
T-lymphocyte migration into lung tissue in response  

to pneumocystis carinii and depletes T-lymphocyte 
numbers in the spleens of mice. Alcoholism: Clinical 
and Experimental Research 22(3):658–663, 1998. 
PMID: 9622447

Shohami, E.; Novikov, M.; Bass, R.; et al. Closed head 
injury triggers early production of TNF alpha and IL-6 by 
brain tissue. Journal of Cerebral Blood Flow and 
Metabolism 14(4):615–619, 1994. PMID: 8014208

Skotzko, C.E.; Vrinceanu, A.; Krueger, L.; et al. Alcohol 
use and congestive heart failure: Incidence, importance, 
and approaches to improved history taking. Heart Failure 
Reviews 14(1):51–55, 2009. PMID: 18034302

Souza-Smith, F.; Kurtz, K.M.; Molina, P.E.; and Breslin, 
J.W. Adaptation of mesenteric collecting lymphatic 
pump function following acute alcohol intoxication. 
Microcirculation 17(7):514–524, 2010. PMID: 21040117

Spies, C.D.; Kissner, M.; Neumann, T.; et al. Elevated 
carbohydrate-deficient transferrin predicts prolonged 
intensive care unit stay in traumatized men. Alcohol and 
Alcoholism 33(6):661–669, 1998. PMID: 9872357

Spies, C.D.; Neuner, B.; Neumann, T.; et al. Intercurrent 
complications in chronic alcoholic men admitted to the 
intensive care unit following trauma. Intensive Care 
Medicine 22(4):286–293, 1996a. PMID: 8708164

Spies, C.D.; Nordmann, A.; Brummer, G.; et al. Intensive 
care unit stay is prolonged in chronic alcoholic men 
following tumor resection of the upper digestive tract. 
Acta Anaesthesiologica Scandanavica 40(6):649–656, 
1996b. PMID: 8836256

Standiford, T.J., and Danforth, J.M. Ethanol feeding 
inhibits proinflammatory cytokine expression from 
murine alveolar macrophages ex vivo. Alcoholism: 
Clinical and Experimental Research 21(7):1212–1217, 
1997. PMID: 9347081

Sulzer, J.K.; Whitaker, A.M.; and Molina, P.E. Hypertonic 
saline resuscitation enhances blood pressure recovery 
and decreases organ injury following hemorrhage in 
acute alcohol intoxicated rodents. Journal of Trauma 
and Acute Care Surgery 74(1):196–202, 2013. PMID: 
23147176

Szabo, G. Monocytes, alcohol use, and altered immu-
nity. Alcoholism: Clinical and Experimental Research 
22(5 Suppl.):216S–219S, 1998. PMID: 9727639

Szmydynger-Chodobska, J.; Fox, L.M.; Lynch, K.M.; et al. 
Vasopressin amplifies the production of proinflammatory 
mediators in traumatic brain injury. Journal of 
Neurotrauma 27(8):1449–1461, 2010. PMID: 20504162

Tabata, T.; Tani, T.; Endo, Y.; and Hanasawa, K. 
Bacterial translocation and peptidoglycan translocation 
by acute ethanol administration. Journal of 
Gastroenterology 37(9):726–731, 2002. PMID: 12375146

Taivainen, H.; Laitinen, K.; Tahtela, R.; et al. Role of 
plasma vasopressin in changes of water balance 
accompanying acute alcohol intoxication. Alcoholism: 
Clinical and Experimental Research 19(3):759–762, 
1995. PMID: 7573805

Tang, Y.; Forsyth, C.B.; Farhadi, A.; et al. Nitric oxide-me-
diated intestinal injury is required for alcohol-induced 
gut leakiness and liver damage. Alcoholism: Clinical and 

Experimental Research 33(7):1220–1230, 2009. PMID: 
19389191

Teng, S.X., and Molina, P.E. Acute alcohol intoxication 
prolongs neuroinflammation without exacerbating 
neurobehavioral dysfunction following mild traumatic 
brain injury. Journal of Neurotrauma 31(4):378–386, 
2014. PMID: 24050411

Turnage, R.H.; Nwariaku, F.; Murphy, J.; et al. 
Mechanisms of pulmonary microvascular dysfunction 
during severe burn injury. World Journal of Surgery 
26(7):848–853, 2002. PMID: 11965445

Urbano-Marquez, A.; Estruch, R.; Navarro-Lopez, F.; et 
al. The effects of alcoholism on skeletal and cardiac 
muscle. New England Journal of Medicine 320(7):409–
415, 1989. PMID: 2913506

Venkatesh, B.; Hickman, I.; Nisbet, J.; et al. Changes in 
serum adiponectin concentrations in critical illness: A 
preliminary investigation. Critical Care 13(4):R105, 
2009. PMID: 19570238

Vermeij, J.D.; Aslami, H.; Fluiter, K.; et al. Traumatic 
brain injury in rats induces lung injury and systemic 
immune suppression. Journal of Neurotrauma 
30(24):2073–2079, 2013. PMID: 23937270

Wade, C.E.; Baer, L.A.; Wu, X.; et al. Severe burn and 
disuse in the rat independently adversely impact body 
composition and adipokines. Critical Care 17(5):R225, 
2013. PMID: 24099533

Wang, P.; Ba, Z.F.; Burkhardt, J.; and Chaudry, I.H. 
Trauma-hemorrhage and resuscitation in the mouse: 
Effects on cardiac output and organ blood flow. 
American Journal of Physiology 264(4 Pt. 2):H1166–
H1173, 1993. PMID: 8476095

Werner, C., and Engelhard, K. Pathophysiology of trau-
matic brain injury. British Journal of Anaesthesia 
99(1):4–9, 2007. PMID: 17573392

Whitaker, A.M.; Sulzer, J.; Walker, E.; et al. Sympathetic 
modulation of the host defense response to infectious 
challenge during recovery from hemorrhage. Neuro-
immunomodulation 17(6):349–358, 2010. PMID: 
20516716

Whyte, J.; Polansky, M.; Cavallucci, C.; et al. Inattentive 
behavior after traumatic brain injury. Journal of the 
International Neuropsychological Society 2(4):274–281, 
1996. PMID: 9375175

Wichmann, M.W.; Ayala, A.; and Chaudry, I.H. Severe 
depression of host immune functions following closed-
bone fracture, soft-tissue trauma, and hemorrhagic 
shock. Critical Care Medicine 26(8):1372–1378, 1998. 
PMID: 9710097

Williams, F.N.; Herndon, D.N.; and Jeschke, M.G. The 
hypermetabolic response to burn injury and interven-
tions to modify this response. Clinics in Plastic Surgery 
36(4):583–596, 2009. PMID: 19793553

Williams, F.N.; Herndon, D.N.; Suman, O.E.; et al. 
Changes in cardiac physiology after severe burn injury. 
Journal of Burn Care & Research 32(2):269–274, 2011. 
PMID: 21228708

Willoughby, R.P.; Harris, K.A.; Carson, M.W.; et al. 
Intestinal mucosal permeability to 51Cr-ethylene-
diaminetetraacetic acid is increased after bilateral lower 



extremity ischemia-reperfusion in the rat. Surgery 
120(3):547–553, 1996. PMID: 8784410

Wilmore, D.W., and Aulick, L.H. Metabolic changes in 
burned patients. Surgical Clinics of North America 
58(6):1173–1187, 1978. PMID: 32634

Wittebole, X.; Hantson, P.; Laterre, P.F.; et al. 
Electrocardiographic changes after head trauma. 
Journal of Electrocardiology 38(1):77–81, 2005. PMID: 
15660352

Woiciechowsky, C.; Asadullah, K.; Nestler, D.; et al. 
Sympathetic activation triggers systemic interleukin-10 
release in immunodepression induced by brain injury. 
Nature Medicine 4(7):808–813, 1998. PMID: 9662372

Woodcock, T., and Morganti-Kossmann, M.C. The role of 
markers of inflammation in traumatic brain injury. 
Frontiers in Neurology 4:18, 2013. PMID: 23459929

Woodroofe, M.N.; Sarna, G.S.; Wadhwa, M.; et al. 
Detection of interleukin-1 and interleukin-6 in adult rat 
brain, following mechanical injury, by in vivo microdialy-
sis: Evidence of a role for microglia in cytokine produc-
tion. Journal of Neuroimmunology 33(3):227–236, 
1991. PMID: 1874973

Woolf, P.D.; Cox, C.; Kelly, M.; et al. Alcohol intoxication 
blunts sympatho-adrenal activation following brain 
injury. Alcoholism: Clinical and Experimental Research 
14(2):205–209, 1990. PMID: 2190486

World, M.J.; Ryle, P.R.; and Thomson, A.D. Alcoholic 
malnutrition and the small intestine. Alcohol and 
Alcoholism 20(2):89–124, 1985. PMID: 4052163

Xu, D.Z.; Lu, Q.; and Deitch, E.A. Nitric oxide directly 
impairs intestinal barrier function. Shock 17(2):139–
145, 2002. PMID: 11837790

Xu, Y.X.; Ayala, A.; and Chaudry, I.H. Prolonged immu-
nodepression after trauma and hemorrhagic shock. 
Journal of Trauma 44(2):335–341, 1998. PMID: 
9498507

Xu, Y.X.; Ayala, A.; Monfils, B.; et al. Mechanism of 
intestinal mucosal immune dysfunction following trau-
ma-hemorrhage: Increased apoptosis associated with 
elevated Fas expression in Peyer’s patches. Journal of 
Surgical Research 70(1):55–60, 1997. PMID: 9228928

Yo, K.; Yu, Y.M.; Zhao, G.; et al. Brown adipose tissue 
and its modulation by a mitochondria-targeted peptide 
in rat burn injury-induced hypermetabolism. American 
Journal of Physiology. Endocrinology and Metabolism 
304(4):E331–E341, 2013. PMID: 23169784

You, M., and Rogers, C.Q. Adiponectin: A key adipokine 
in alcoholic fatty liver. Experimental Biology and 
Medicine (Maywood) 234(8):850–859, 2009. PMID: 
19491377

Zambell, K.L.; Phelan, H.; Vande Stouwe, C.; et al. Acute 
alcohol intoxication during hemorrhagic shock: Impact 
on host defense from infection. Alcoholism: Clinical and 
Experimental Research 28(4):635–642, 2004. PMID: 
15100616

Zhang, P.; Bagby, G.J.; Stoltz, D.A.; et al. Granulocyte 
colony-stimulating factor modulates the pulmonary host 
response to endotoxin in the absence and presence of 

acute ethanol intoxication. Journal of Infectious 
Diseases 179(6):1441–1448, 1999. PMID: 10228066

Zhang, Q.; Ma, B.; Fischman, A.J.; et al. Increased 
uncoupling protein 1 mRNA expression in mice brown 
adipose tissue after burn injury. Journal of Burn Care & 
Research 29(2):358–362, 2008. PMID: 18354294

Zhao, Y.N.; Wang, F.; Fan, Y.X.; et al. Activated microg-
lia are implicated in cognitive deficits, neuronal death, 
and successful recovery following intermittent ethanol 
exposure. Behavioural Brain Research 236(1):270–282, 
2013. PMID: 22985845

Ziebell, J.M., and Morganti-Kossmann, M.C. Involvement 
of pro- and anti-inflammatory cytokines and chemokines 
in the pathophysiology of traumatic brain injury. 
Neurotherapeutics 7(1):22–30, 2010. PMID: 20129494

Zink, B.J.; Sheinberg, M.A.; Wang, X.; et al. Acute etha-
nol intoxication in a model of traumatic brain injury with 
hemorrhagic shock: Effects on early physiological 
response. Journal of Neurosurgery 89(6):983–990, 
1998a. PMID: 9833825

Zink, B.J.; Stern, S.A.; McBeth, B.D.; et al. Effects of 
ethanol on limited resuscitation in a model of traumatic 
brain injury and hemorrhagic shock. Journal of 
Neurosurgery 105(6):884–893, 2006. PMID: 17405260

Zink, B.J.; Stern, S.A.; Wang, X.; and Chudnofsky, C.C. 
Effects of ethanol in an experimental model of 
combined traumatic brain injury and hemorrhagic 
shock. Academic Emergency Medicine 5(1):9–17, 
1998b. PMID: 9444336

278| Vol. 37, No. 2 Alcohol Research: C u r r e n t  R e v i e w s



Focus on: the Burden of Alcohol
use—trauma and Emergency
outcomes

Cheryl J. Cherpitel, Dr.P.H.

hospital emergency departments (EDs) see many patients with
alcohol-related injuries and therefore frequently are used to
assess the relationship between alcohol consumption and injury
risk. these studies typically use either case–control or
case–crossover designs. Case–control studies, which compare
injured ED patients with either medical ED patients or the
general population, found an increased risk of injury after
alcohol consumption, but differences between the case and
control subjects partly may account for this effect.
Case–crossover designs, which avoid this potential confounding
factor by using the injured patients as their own control
subjects, also found elevated rates of injury risk after alcohol
consumption. however, the degree to which risk is increased
can vary depending on the study design used. other factors
influencing injury risk include concurrent use of other drugs and
drinking patterns. additional studies have evaluated cross-
country variation in injury risk as well as the risk by type (i.e.,
intentional vs. unintentional) and cause of the injury. Finally, ED
studies have helped determine the alcohol-attributable fraction
of injuries, the causal attribution of injuries to drinking, and the
impact of others’ drinking. although these studies have some
limitations, they have provided valuable insight into the
association between drinking and injury risk. kEY WoRDS: Alcohol
consumption; alcohol-related injury; alcohol and drug
related–injury; alcohol-attributable fractions; risk factors;
alcohol and other drug–induced risk; hospital; emergency
department; emergency room; emergency care; trauma;
injury; intentional injury; unintentional injury; patients;
case–control studies; case–crossover studies

Alcohol consumption is a leading risk factor for morbidity
and mortality related to both intentional (i.e., violence-
related) and unintentional injury. In 2000, 16.2 percent

of deaths and 13.2 percent of disability-adjusted life years
(DALYs) from injuries, worldwide, were estimated to be
attributable to alcohol (Rehm et al. 2009). Alcohol affects
psychomotor skills, including reaction time, as well as cogni-
tive skills, such as judgment; as a result, people drinking alcohol
often place themselves in high-risk situations for injury.

Much of the data linking alcohol with nonfatal injuries
have come from studies conducted in hospital emergency
departments (EDs). As described in this article, in these set-
tings the prevalence of alcohol involvement in the patients’
injuries, as measured by a positive blood alcohol concentra-
tion (BAC) at the time of arrival in the ED or self-reported

drinking prior to the injury event, is substantial. To accu-
rately assess the relationship between alcohol use and injury
risk, ED studies generally have used probability sampling
designs, in which all times of day and days of the week are
represented equally. This approach circumvents biases associ-
ated with sampling that might occur, for example, if samples
were identified only on weekend evenings, when a higher
prevalence of drinking and, possibly, of injury might be
expected. Although the high prevalence rates mentioned
above suggest that alcohol is an important risk factor for
injury, they do not provide the information necessary to
evaluate the actual level of risk for injury at which drinking
places the individual. 

Data to establish drinking-related risk of both intentional
and unintentional injury in ED samples generally have come
from two types of study design: case–control studies and
case–crossover studies. This article summarizes the findings
of these studies and explores specific aspects of the relation-
ship between alcohol use and injury risk.

Risk of injury in ED Studies

Case–Control Studies
Two types of case–control studies have been used to estimate
the risk of injury from drinking for patients treated in the
ED. The most commonly used type of case–control study
uses noninjured (i.e., medical) patients attending the same
ED during the same period of time as quasi-control subjects.
These patients presumably come from the same geographic
area as the injured patients and likely share other characteris-
tics (e.g., socioeconomic status). Researchers conducted a
meta-analysis of 15 ED studies conducted in 7 countries that
participated in the Emergency Room Collaborative Alcohol
Analysis Project (ERCAAP) (Cherpitel et al. 2003a) and
which all used the same methodology and instrumentation.
The studies only included those patients who arrived at the
ED within 6 hours of the injury event and excluded those
medical patients who primarily were admitted to the ED 
for alcohol intoxication or withdrawal symptoms. The meta-
analysis found a pooled odds ratio (OR) of injury associated
with a positive BAC (≥0.01 percent) of 2.4 (95% CI = 1.9–
3.0);1 moreover, the OR was higher (OR = 2.9) for patients
with higher BAC levels (≥0.10 percent) (Ye and Cherpitel

1 the oR is the ratio between the risk that a person with a certain characteristic (e.g., positive baC)
experiences a certain outcome (e.g., an injury) and the risk that a person without that characteristic
experiences the same outcome. in other words, an oR of 2.4 indicates that people who have a posi-
tive baC are 2.4 times as likely to be injured as people without a positive baC.
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2009). A similar likelihood of injury (OR = 2.1) was found
for patients who reported drinking within 6 hours prior to
the injury event, regardless of time of arrival in the ED. 

One concern with this approach of using medical patients
as control subjects for injured patients is the possibility of
underestimating the true risk of drinking associated with
injury. Noninjured patients have been found to be heavier
drinkers than people in the general population from which
they come who do not seek emergency care (Cherpitel
1993). Thus, these patients may be attending the ED for
conditions related to their drinking (in addition to those
associated with alcohol intoxication or withdrawal).

In the second type of case–control study used to estimate
risk of injury from drinking in ED patient samples, people
in the general population of the community from which the
ED patients come are used as control subjects. These indi-
viduals presumably are free of conditions that may be related
to their drinking. Only four such studies have been reported
to date, including two from Australia (Mcleod et al. 1999;
Watt et al. 2004) and one each from the United States (Vinson
et al. 2003) and Mexico (Borges et al. 1998). In these studies,
the ORs ranged from 6.7 in the Mexican study to 3.1 in the
U.S. study and around 2.0 in the Australian studies. Moreover,
both the U.S. and the Australian studies demonstrated a
dose-response relationship.

Case–Crossover Studies
The second study design used to estimate the risk of injury
from alcohol consumption is the case–crossover study
(Maclure 1991). This approach is thought to circumvent 
at least some of the problems raised with the case–control
design, such as demographic and others differences between
case and control subjects that may be related to both alcohol
consumption and likelihood of injury. There are two approaches
to the case–crossover design, both of which use injured
patients as their own control subjects, thereby theoretically
reducing confounding of the alcohol–injury relationship
from stable risk factors, such as age and gender.

• The matched-interval approach. Studies using the matched-
interval approach compare drinking within 6 hours prior
to the injury event with drinking during a predetermined
control period, such as the same 6-hour period during 
the previous day or previous week. Such studies have reported
ORs ranging from 3.2 (based on any drinking at the
same time the previous day) (Vinson et al. 2003) to 5.7
in a 10-country study (based on any drinking at the same
time the previous week) (Borges et al. 2006b). Both studies
demonstrated a dose-response relationship. Thus, the analysis
of Vinson and colleagues (2003) determined ORs ranging
from 1.8 with consumption of 1 to 2 drinks prior to injury
to 17 with consumption of 7 or more drinks. Likewise,
Borges and colleagues (2006b) found ORs ranging from
3.3 with consumption of one to two drinks to 10.1 with
consumption of six or more drinks prior to injury.

• The usual-frequency approach. This approach compares
the patients’ drinking in the 6 hours preceding the injury
to their expected drinking during that time, based on
their usual frequency of drinking. In a study using this
approach that included 28 EDs across 16 countries, the
estimated ORs ranged from 1.05 (Canada) to 35.0
(South Africa), with a pooled estimate of 5.69 (95% 
CI = 4.04–8.00) (Borges et al. 2006a). 

Comparison of Methods to Estimate Risk
The results described above indicate that the estimates of risk
of injury in samples from the same country can vary depend-
ing on the method used. For example, in analyses across
eight countries participating in ERCAAP, analyses using the
case–control method found that the pooled OR of injury for
self-reported drinking prior to the event was 2.1, compared
with an OR of 5.2 when the usual-frequency method of
case–crossover analysis was used (Ye and Cherpitel 2009).
Furthermore, the World Health Organization (WHO)
Collaborative Study on Alcohol and Injury, which used the
case–crossover method across 12 countries, found a pooled
OR of injury of 6.8 using the usual-frequency approach,
compared with 5.7 using the matched-interval approach
(Borges et al. 2006b). Case–control designs may underesti-
mate the risk of injury if noninjured control subjects are 
presenting to the ED with other conditions related to their
drinking, whereas both the matched-interval and usual-
frequency approaches to the case–crossover design are subject
to recall bias of drinking in the past. 

Effects of other Factors on Risk of injury

Effects of other drug use
None of these estimates of risk of injury related to drinking
have taken into consideration other drug use at the time 
of injury, although multiple substances commonly are used
together in ED populations (Buchfuhrer and Radecki 1996).
Other drug use might be expected to elevate the risk of
injury, either alone or in combination with alcohol; however,
this may not be the case. One study found an OR of 3.3 for
drinking within 6 hours prior to injury and an OR of 3.0
for drinking in combination with other drug use during the
same time; in contrast, drug use alone had no significant
effect on risk (Cherpitel et al. 2012b). It is important to con-
sider that in this study the majority of drug users reported
using marijuana. However, given their different pharmaco-
logical properties, all drugs would not be expected to act in a
similar manner, either alone or in combination with alcohol.
Consequently, in other populations with different drug use
patterns the findings might be different. 

Focus on trauma and Emergency outcomes 151



Effects of usual drinking Patterns
The risk of injury from drinking prior to the event (i.e.,
acute consumption) also is influenced by the drinker’s usual
drinking patterns (i.e., chronic consumption). Cherpitel and
colleagues (2004) found that the risk of injury from drink-
ing prior to the event was lower among frequent heavy
drinkers than among infrequent heavy drinkers, suggesting
that heavier drinkers may have developed tolerance against
some adverse effects of alcohol that lead to injury. Likewise,
in an analysis by Gmel and colleagues (2006), the risk of
injury was greater among usual light drinkers who occasion-
ally drink heavily (i.e., report episodic heavy drinking) than
among people who usually drink heavily but report no
episodic heavy drinking or among people who usually drink
heavily as well as report episodic heavy drinking.

Risk of Alcohol-Related injury

Although acute alcohol consumption, modified by drinking
pattern, has been found to be associated with risk of injury,
drinking pattern also has been found to be associated with
risk of an alcohol-related injury2 (defined as drinking within
6 hours prior to injury), with frequency of drinking among
non–heavy drinkers (Cherpitel et al. 2003b) and both
episodic and frequent heavy drinking predictive of alcohol-
related injury (Cherpitel et al. 2012c). An analysis of com-
bined data from ERCAAP and from the WHO Collaborative
Study on Alcohol and Injury across 16 countries found the
pooled risk of alcohol-related injury was increased with
heavy episodic drinking (OR = 2.7) as well as with chronic
high-volume drinking (OR = 3.5); moreover, the risk was
highest for people reporting both patterns of drinking (OR
= 6.1) (Ye and Cherpitel 2009).

Cross-country variation in Risk of injury

A great deal of variation has been found across countries in
risk of injury and risk of alcohol-related injury, and this het-
erogeneity seems to be associated with a country’s level of
detrimental drinking pattern (DDP). The DDP score,
which is based on aggregate survey data and key informant
surveys, is a measure developed for comparative risk assess-
ment in the WHO’s Global Burden of Disease study (Rehm
et al. 2004). It includes such indicators of drinking patterns
as heavy drinking occasions, drinking with meals, and drink-
ing in public places. The DDP has been assessed in a large
number of countries around the world as a measure of the
“detrimental impact” on health, and other drinking-related
harms, at a given level of alcohol consumption (Rehm et al.
2001, 2003). Countries with a higher level of DDP have

been found to have a higher risk of injury related to alcohol
than those with lower DDP scores (Cherpitel et al. 2005b). 

Risk by type and Cause of injury

Risk of injury from alcohol also varies by type (i.e., inten-
tional vs. unintentional) and cause of injury. For example,
Macdonald and colleagues (2006) found that the risk was
highest for violence-related (i.e., intentional) injuries. A
case–crossover analysis using the usual-frequency approach
that included data from 15 countries in the ERCAAP and
WHO projects found that greater variations across countries
existed in risk of an intentional injury than in risk of unin-
tentional injury; this difference was at least in part explained
by the level of DDP in a country (Cherpitel and Ye 2010).
Overall, the pooled OR for intentional injury related to
drinking in these countries was 21.5, compared with 3.37
for unintentional injury (Borges et al. 2009). Furthermore,
the risk of intentional injury showed a greater dose–response
association than the risk of unintentional injury (Borges et
al. 2009). Thus, the ORs for intentional injuries ranged
from 11.14 for one to two drinks prior to injury to 35.57
for five or more drinks during this time, whereas the ORs
for unintentional injuries ranged from 3.86 to 6.4, respec-
tively. Among the unintentional injuries, the risk also varied
depending on the cause of the injury. For example, the OR
was 5.24 for traffic-related injuries, compared with 3.39 for
injuries related to falls.

Alcohol-Attributable Fraction

Another variable that has been studied in the context of
assessing the risk of injuries after drinking is the alcohol-
attributable fraction (AAF). This variable represents the 
proportional reduction in injury that would be expected if
the risk factor (i.e., drinking prior to injury) was absent; it
reflects the burden of injury in a given society that results
from alcohol use. The AAF also varies across countries in
ED studies, because it is related to both the risk of injury
and the prevalence of alcohol-related injury. In a case–control
study of 14 EDs from six countries in ERCAAP, the AAF
based on self-reported drinking within 6 hours prior to the
injury event varied from 0.5 percent to 18.5 percent for all
types of injury, and from 19.1 percent to 83.3 percent for
intentional injury (Cherpitel et al. 2005a). The pooled esti-
mate from all EDs for the AAF was 5.8 percent for all types
of injury and 42.5 percent for intentional injury. In other
words, more than 40 percent of all intentional injuries would
not have occurred if the people involved had not been drinking.
Moreover, the investigators determined higher AAF estimates
for male than female subjects for both unintentional injuries
(5.5 percent vs. 1.7 percent) and intentional injuries (50.0
percent vs. 7.7 percent).
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2 as used here, the term “alcohol-related injury” refers to injuries where the patient reported using
alcohol in the 6-hour period immediately preceding the injury; in contrast, the term “injury” is used
here to refer to any injury, regardless of whether it was preceded by alcohol use or not.



Causal Attribution

The ED studies in the ERCAAP and WHO projects also
assessed the patients’ causal attribution of their injuries to
their drinking—that is, patients were asked whether they
believed the injury would have occurred if they had not been
drinking. In an evaluation that included 15 countries, one-
half of the patients who reported drinking prior to injury
also reported a causal attribution (Cherpitel et al. 2006).
This information was used to establish a subjective AAF—an
AAF derived from the patient’s own causal attribution of
their injury to drinking. This subjective AAF then was com-
pared to the AAF obtained using the standard formula based
on the relative risk of injury from alcohol and prevalence of
drinking in the 6-hour period (i.e., the objective AAF) from
the six ERCAAP countries, as described above. This compar-
ison found that for unintentional injuries, the subjective
AAF generally was somewhat higher than the objective AAF.
For intentional injuries, however, the subjective AAF was
substantially lower (i.e., 5.9 percent to 46.7 percent) than
the objective AAF (i.e., 24.9 percent to 83.3 percent) (Bond
and Macdonald 2009). 

others’ Drinking

Researchers also increasingly are interested in studying the
harm, including injury, resulting from other people’s drink-
ing. Evaluating these so-called externalities is important for a
fuller understanding of the burden of alcohol-related injury
in society. To assess such externalities, investigators for the
ED studies in the WHO project also obtained data on whether
the patient being treated for a violence-related injury believed
the other person had been drinking. Across the 14 countries,
from 14 percent to 73 percent of the victims believed that
others definitely had been drinking. Based on these data, the
pooled estimate for the AAF was 38.8 percent when both
victim and perpetrator were considered, compared with an
AAF of 23.9 percent when only the patient was considered
(Cherpitel et al. 2012a).

Considerations and Limitations in Estimating Risk
of injury

The data reported here on the risk of injury primarily were
derived from patients’ self-reports of drinking prior to injury.
Although the ED studies all estimated the patient’s BAC at
the time of ED admission based on breath alcohol levels,
self-reports seem to be a better measure of drinking, because
in many cases a substantial period of time may have lapsed
between the patient’s last drink, the injury event, and arrival
at the ED. As a result, the BAC may be negative even though
the patient reports drinking prior to injury. Indeed, this dis-
crepancy has been found in an analysis of the concordance
between self-reported drinking and BAC measurements in

the ERCAAP and WHO studies across 16 countries
(Cherpitel et al. 2007).

The studies reported here all have been conducted in
EDs, rather than in trauma centers that generally treat the
most serious injury cases and, consequently, are less con-
ducive to the detailed data collection effort required in studies
of alcohol and injury, unless the patient is admitted to the
hospital. It is unknown how this may affect the resulting
conclusions regarding the rates of the risk of injury from
drinking, because the literature has been mixed regarding
alcohol’s association with injury severity. 

As noted earlier, some limitations also apply to the methods
that have been used to estimate the risk of injury related to
alcohol consumption. Case–control studies may underesti-
mate this risk because the medical patient controls also may
have drinking-related conditions. The matched-interval approach
to case–crossover analyses eliminates the heaviest drinkers
(i.e., those who report drinking both during the period pre-
ceding the injury and during the control period), which may
lead to underestimates of the risk of injury for these drinkers.
Likewise, the usual-frequency approach may underestimate
the risk of injury for heavy drinkers because of the increase
in expected drinking occasions for the heaviest drinkers. 

In addition, when estimating risk of injury using the case–
crossover approach, it is important to consider the activity in
which the patient was engaged at the time of injury. For example,
for a patient injured in a motor vehicle accident who had
been drinking, the comparison with the control time interval
only would be valid if the patient also had been in a motor
vehicle during the control interval. Otherwise, the patient
would not have been exposed to the risk of incurring a motor
vehicle–related injury, regardless of whether he or she had
been drinking. This is an important consideration in future
studies that seek to examine risk of injury related to alcohol.

Lastly, the risk of injury related to drinking likely is
affected by a number of individual-level characteristics such
as age, gender, and risk-taking disposition, as well as by soci-
etal-level characteristics such as detrimental drinking pattern,
as discussed above. Estimates of AAFs for injury, which are
required for determining the global burden of disease for
injury related to alcohol, generally have not taken these vari-
ables into consideration, and this is a necessary direction for
future research on the burden alcohol-related injury puts on
society. ■
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Treatment of Alcohol Dependence
With Drug Antagonists of the 
Stress Response
Amanda E. Higley, Ph.D.; George F. Koob, Ph.D.; and Barbara J. Mason, Ph.D.

Alcohol dependence is a chronic relapsing disorder characterized by neuroadaptations
that may result in the emergence of negative affective states and stress responses
upon discontinuation of alcohol use. Clinical studies have demonstrated that alcohol-
dependent people are more sensitive to relapse provoking cues such as alcohol,
negative affect, and stress. Moreover, stress relief during protracted abstinence is
thought to be a major motivation for excessive alcohol consumption. The relationship
between chronic alcohol use, stress, and relapse has implications for the treatment of
alcohol dependence. Recent research suggests that neural systems mediating stress
responses may offer useful targets for pharmacotherapy of alcoholism. KEY WORDS:
Alcohol dependence; alcoholism; alcohol use disorder; stress; stress response;
relapse; relapse prevention; antagonists; negative affective states; treatment;
neuroadaptation; pharmacotherapy; brain; neurochemistry
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A lthough alcohol dependence affects
4 percent of the adult population
and is the third leading cause of

preventable death in the United States
(Substance Abuse and Mental Health
Services Administration 2009), fewer
than 15 percent of people with alco-
holism receive treatment (Hasin et al.
2007). The Diagnostic and Statistical
Manual of Mental Disorders–Fourth Edition
Text Revision (DSM–IV–TR) (American
Psychiatric Association 2000) characterizes
alcohol dependence as a maladaptive
pattern of drinking leading to clinically
significant impairment, as manifested
by a compulsion to drink, a lack of control
over the amount of alcohol consumed,
and continued drinking despite realiza-
tion of the associated problems. Despite
significantprogress in the development
of efficacious behavioral and pharmaco-
logic treatments for alcohol dependence,
relapse rates remain very high. Relapse
is one of the principle characteristics of
alcohol dependence. Given that one of
the most challenging aspects of recover-

ing from alcohol dependence is main-
taining abstinence, understanding the
factors underlying relapse susceptibility is
especially important. Research indicates
that alcohol-associated cues, negative-
affective states, and stress are common
relapse triggers (Higley et al. 2011;
Mason et al. 2008; Sinha et al. 2009). 
Several neurochemical systems and
brain regions are involved in the devel-
opment of alcohol dependence (for
review, see Koob and Le Moal 1997).
Such neuroadaptations may result in
the emergence of negative-affective
states and stress responses upon discon-
tinuation of alcohol use, thus motivating
dependent people to resume drinking.
Alcohol is a powerful activator of the
stress response. Chronic alcohol use is
associated with several atypical stress
responses, which could have important
implications for understanding the
neurobiology of dependence and relapse.
Specifically, alcohol-dependent individ-
uals show decreased release of the stress
hormones cortisol and adrenocorti-

cotropic hormone (ACTH) in response
to acute intervening stressors (Berman
et al. 1990; Wand and Dobs 1991), an
effect that remains for up to 12 weeks
after cessation of drinking (Bernardy et
al. 1996; Ehrenreich et al. 1997; Errico
et al. 1993; Lovallo et al. 2000). These
attenuated reactions of the hypothalamic–
pituitary–adrenal (HPA) axis, which
controls the body’s major hormonal
stress response, have been associated with
alcohol relapse (Junghanns et al. 2003)
and suggest that neural systems mediating
stress responses may offer useful targets
for pharmacotherapy of alcoholism.
Stress relief during protracted absti-
nence is thought to be a major motiva-
tion for excessive alcohol consumption.
The signaling molecule corticotropin-
releasing factor (CRF), a 41–amino
acid neuropeptide1 with wide distribu-
tion throughout the brain and high
concentrations in cell bodies in part of
the hypothalamus (i.e., the paraventricular
1 For definitions of this term and other technical terms used in this
article, see the Glossary on page 522–524. 



nucleus), the group of structures located
near the bottom of the front of the
brain (i.e., the basal forebrain), and
notably the extended amygdala2 and
brainstem, has been shown to play an
integral role in mediating behavioral
stress responses (Funk et al. 2006; Merlo
Pich et al. 1995; Olive et al. 2002).
CRF produced in and released from
the hypothalamus activates the HPA
axis. The physiologic mechanism of
stress relief following alcohol consump-
tion is thought to occur mainly in the
extended amygdala outside the HPA
system (for review, see Heinrichs and
Koob 2004). However, the HPA axis
may contribute to the dysregulation of
the extended amygdala stress system.
Acute alcohol administration has been
shown to enhance levels of HPA axis
hormones in humans and animal mod-
els (for review, see Koob and Le Moal
1997; Koob 2003). As dependence on
alcohol develops, the extended amygdala
stress system becomes sensitized and
HPA axis activity appears to become
dysregulated, and over time, chronic
exposure to alcohol may actually decrease
the responsiveness of the HPA axis to
external stimuli, potentially impairing
a person’s ability to cope with relapse-
inducing stressors (Junghanns et al.
2003; Le et al. 2000; Zorrilla et al.
2001; see above). 
Such alcohol-induced neurobiological
changes represent possible molecular tar-
gets for pharmacotherapies of alcoholism,
which help to facilitate abstinence or
greatly reduce alcohol consumption 
by stabilizing neurobiological systems
dysregulated by chronic alcohol use.
Medications that normalize the dysreg-
ulation or balance of the reward and
stress systems may protect against relapse.
In fact, evidence shows that pharmaco-
logical treatments can support abstinence
or decrease the number of heavy drinking
days. Three medications are approved
for the treatment of alcohol dependence
in the United States––disulfiram, nal-
trexone, and acamprosate. Recent efforts
to develop new medications have focused
on specific neural responses to factors
(e.g., stress) that increase risk of relapse
to heavy drinking during protracted

abstinence. The following sections will
describe a series of neuropharmacological
agents that alter the stress response and
have potential for or have been used in
the treatment of alcohol dependence.  

CRF Antagonists

Recent research has led to the hypothesis
that the transition to alcohol dependence
involves the dysregulation not only of
neural circuits involved in reward but
also of circuits that mediate behavioral
responses to stressors. Alcohol-induced
dysregulation of the brain’s stress and
anti-stress systems is hypothesized to
contribute to the negative emotional
state characteristic of alcohol withdrawal.
More specifically, several observations
indicate that CRF contributes to the
development of alcohol dependence.
For example, alcohol is a powerful acti-
vator of stress systems involving both
the HPA axis and extrahypothalamic
CRF systems in the extended amygdala;
the latter also become hyperactive dur-
ing withdrawal, leading to increased
CRF levels in certain brain regions
(i.e., the central nucleus of the amyg-
dala [CeA] and the BNST) (Funk et
al. 2006; Merlo Pich et al. 1995; Olive
et al. 2002). In animal models, acute
withdrawal and protracted abstinence
from alcohol and all other major drugs
of abuse produce anxiety-like responses
that are mediated by CRF and can be
reversed by agents that block or reverse
the actions of CRF (i.e., CRF receptor
antagonists) (for review, see Heilig and
Koob 2007). Preclinical studies show
that CRF antagonists block alcohol
withdrawal–induced anxiety (Baldwin
et al. 1991), and CRF may be involved
in increased alcohol self-administration
during withdrawal (Valdez et al. 2002).
Likewise, injections of small molecule
antagonists of the CRF-1 receptor
blocked increased alcohol intake dur-
ing acute withdrawal and protracted
abstinence in alcohol-dependent rats
(Funk and Koob 2007). Moreover,
CRF antagonists reduce stress-induced
reinstatement to alcohol seeking (Le et
al. 2000; Liu and Weiss 2002).  

Dysregulation of the brain CRF system
(innate or resulting as a maladaptive
response to drugs of abuse or stress)
seems to be one of the major elements
common to depression, anxiety, and
addiction. Genetic studies indicate an
association between polymorphisms of
the CRHR1 gene and drinking behavior.
Treutlein and colleagues (2006) found
a significant correlation between CRHR1
gene polymorphisms and both binge
drinking and lifetime prevalence of
alcohol intake in an adolescent sample
from the Mannheim Study of Children
at Risk3 as well as years of heavy drink-
ing in a sample of adult alcoholics
(Treutlein et al. 2006). Polymorphisms
in the CRHR1 gene also were found to
moderate the relationship between the
number of negative life events and rates
of lifetime alcohol use and excessive
alcohol use per occasion in the same study
sample (Blomeyer et al. 2008), suggest-
ing a clinical relevance for the CRF
system in the treatment of alcoholism. 
The above evidence suggests that the
CRF system may be implicated in
stress-induced relapse to alcohol drink-
ing and that CRF antagonists may
have therapeutic potential in alcohol
dependence, particularly for people
with genetic variants in the CRHR1
gene that exacerbate a stress-induced
susceptibility to alcohol dependence
and relapse (Clinicaltrials.gov
NCT01187511, 2010, Clinicaltrials.gov
NCT01227980, 2011). 

a1-Noradrenergic System 

Advances in the understanding of the
neurobiology of alcohol dependence
and relapse offer preclinical evidence
that the noradrenergic systems (i.e.,
those related to the stress hormone and
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2 The amygdala is an almond-shaped group of neurons located
deep within the medial temporal lobe of the brain. They encom-
pass several nuclei, or structures in the central nervous system,
including the central, lateral, and basal nuclei. The extended amygdala
is hypothesized to be a group of structures that includes the cen-
tral nucleus of the amygdala, bed nucleus of the stria terminalis
(BNST), and a transition zone in the shell of the nucleus accumbens.

3 The Mannheim Study of Children at Risk is a longitudinal study
that followed children over a period of more than 20 years from
infancy to adulthood. 



neurotransmitter norepinephrine) have
intimate involvement in brain processes
relevant to alcohol dependence and
contribute to the brain stress activation
associated with withdrawal. A study of
recently abstinent alcohol-dependent
patients revealed elevated plasma levels
of norepinephrine and the related neuro -
transmitter epinephrine (Ehrenreich et
al. 1997), suggesting central noradren-
ergic overdrive may play an important
role in alcohol dependence. Moreover,
the use of pharmacological ligands 
targeting both pre- and postsynaptic
noradrenergic receptor subtypes attenu-
ates certain symptoms of alcohol with-
drawal (Riihioja et al. 1997). 
Prazosin, an α1-noradrenergic receptor
antagonist, has kindled interest as an
effective drug in reducing alcohol use.
Pfizer Pharmaceuticals introduced
Prazosin in 1973 as an antihypertensive
drug. An inexpensive generic drug for
many years, prazosin has been used
chronically by millions of people for
hypertension. It is the most lipid soluble
α1-noradrenergic antagonist and the
only clinically availablea1-noradrenergic
antagonist demonstrated to be active 
at central nervous system sites when
administered peripherally (Menkes
et al. 1981). Prazosin blocks the a1-
noradrenergic receptor implicated in
stress responsivity and possibly in driv-
ing forebrain CRF release. Prazosin
reduced self-administration of alcohol
in both dependent and nondependent
rats during acute withdrawal. However,
prazosin was more potent in depen-
dent animals, suggesting an increase 
in the sensitivity to Prazosin in depen-
dent animals due to alterations in the
norepinephrine system during chronic
exposure to alcohol (Walker et al. 2008).
Rasmussen and colleagues (2009)
demonstrated the efficacy of acute and
chronic Prazosin treatment in suppress-
ing alcohol drinking in rats selectively
bred for alcohol preference. 
A 6-week, double-blind, placebo-
controlled pilot study of Prazosin for
the treatment of alcohol dependence
reported a significant reduction in
drinking behavior in actively drinking
alcohol dependent patients (Simpson

et al. 2009). Large controlled studies
currently are in progress to further
investigate the role of Prazosin in alcohol
dependence (e.g. NCT00762710, 2010).

Neurokinin 1 (NK1) Receptor
and Substance P Antagonists  

Targeting the receptor system for
Substance P, which modulates emo-
tional states, has been suggested as a
viable therapeutic target for the treat-
ment of alcohol dependence (Ebner et
al., 2009). Substance P, a neurotrans-
mitter from the tachykinin family, is
released in response to stress, and pref-
erentially binds to the NK1 receptors,
which are highly expressed in brain regions
critical for the regulation of emotional
behavior and neurochemical responses
to stress (for review see Commons
2010). Substance P also facilitates stress-
induced HPA axis activation as reflected
in ACTH and cortisol levels (for review
see Ebner and Singewald 2006). Noxious
or aversive stimuli activate Substance P
pathways. In addition, Substance P
administration into the brain produces
anxiety-inducing and aversive effects
(Aguiar and Brandao 1996, Elliott 1988,
Teixeira et al.1996). Furthermore, mice
that lack the NK1 receptor have been
found to consume lower quantities of
alcohol compared with control animals
(for review see George et al. 2008).
A double-blind clinical trial of alcohol
dependence found treatment with an
NK1 antagonist significantly decreased
craving, blunted cortisol responses, and
decreased functional magnetic resonance
imaging responses to affective stimuli
in recently detoxified alcohol-dependent
study participants (for review, see George
et al. 2008). Together, these results
suggest that Substance P-NK1 systems
may play a role in drug reward, depen-
dence, and reinstatement. 

Neuropeptide Y 

Neuropeptide Y (NPY), a 36–amino
acid peptide, also is involved in regu-
lating the body’s stress response but

with a neural and behavioral profile
that in almost every aspect is opposite
to that of CRF. For example, NPY has
powerful anxiety-reducing effects in
animals. It is one of the most abundant
neuropeptides in the central nervous
system (CNS) and is considered an
important regulating factor in emotional
behavior. Administration of NPY from
an external source (i.e., exogenous NPY)
has antianxiety and sedative effects that
rely, at least partially, on activation of
Y1, a G-protein–coupled receptor located
in the amygdala (Britton et al. 1997;
Broqua et al. 1995; Heilig et al. 1993;
Heilig and Thorsell 2002). 
Several findings point to a role 
for NPY produced in the body (i.e.,
endogenous NPY) in the control of
stress- and anxiety-related behaviors,
supporting the antistress effects
observed following central administration
of NPY. In animal models, acute 
physical restraint, which promotes
experimental anxiety, suppresses NPY
expression within the amygdala and
cortex, an effect that parallels the anxiety-
inducing effects of stress. In contrast,
repeated exposure to a siren stressor
leads to complete behavioral and
endocrine habituation, accompanied
by an upregulation of amygdalar NPY
expression (Thorsell et al. 1999, 2010).
These findings suggest that NPY
expression seems to be involved in the
behavioral adaptation to stressors. 
NPY levels are lower in the CeA of
alcohol-preferring (P) rats compared 
to non-P (NP) rats, and NPY infusion
in the CeA attenuates the anxiety-like
and alcohol drinking behaviors of P
rats. Thus, a deficiency in NPY signal-
ing in the CeA may be involved in 
regulating both anxiety and alcohol-
drinking behaviors (Zhang et al. 2010)
and NPY system modifications can
influence alcohol intake (Ehlers et al.
1998; Hwang et al. 2004; Hwang et
al. 1999). Furthermore, stimulation 
of NPY activity in this brain structure
suppresses anxiety-like behavior (for review,
see Thorsell 2007) and dependence-
induced increases in alcohol drinking
(Gilpin et al. 2008). Administration of
NPY into the cerebral ventricles of the
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brain (i.e., intracerebroventricular infu-
sion) in rats dose-dependently blocks
the reinstatement of alcohol-seeking
induced by a pharmacological stressor
(Cippitelli et al. 2010). Moreover, alcohol-
dependent rats exhibit decreased NPY
content in the CeA during withdrawal
(Roy and Pandey 2002), whereas, as
stated above, CRF levels in this brain
region are increased in alcohol-dependent
animals. Together, these preclinical
studies suggest that the NPY receptor
may represent a novel pharmacological
target for alcoholism. 

Dynorphin/k Opioid System

Dynorphins are opioid peptides that
derive from the prodynorphin precursor
and are the presumed endogenous 
ligands for the k opioid receptor (Chavkin
et al., 1982). Dynorphins have widespread
distribution in the CNS and play a
role in a wide variety of physiological
systems, including neuroendocrine reg-
ulation, pain regulation, motor activity,
cardiovascular function, respiration,
temperature regulation, feeding behavior,
and stress responsivity (Koob 2008).
Products of prodynorphin processing
include dynorphin A(1-17), dynorphin
A(1-8), and dynorphin B(1-29).
Immunocytochemical distribution of
dynorphin A and B shows significant
cell bodies and terminals in addiction-
relevant brain areas, such as the nucleus
accumbens, CeA, BNST, and hypotha-
lamus (Koob 2008). 
Activation of the dynorphin/k
receptor system can produce analgesic
actions similar to other opioids but
also actions that are opposite to those
of m opioid receptors in the motivational
domain, where dynorphins produce
aversive, dysphoric-like effects in animals
and humans (Shippenberg et al. 2007).
Dynorphin has long been hypothesized
to mediate negative emotional states. 
k receptor agonists produce place aver-
sions in rodents (Mucha and Herz
1985) and depression and dysphoria 
in humans (Pfeiffer et al. 1986). 
k agonists also increase brain stimula-
tion reward thresholds (Todtenkopf et

al. 2004). Dynorphin inhibits dopamine
release, both via the origins and terminals
of the mesolimbic dopamine system,
and this effect has been hypothesized
to contribute to the aversive effects of
dynorphin (Spanagel et al. 1992). 
The evidence for a role of the dynor-
phin/k opioid system in the neuroad-
aptive actions of ethanol (i.e., alcohol)
is based both on biochemical studies
and antagonist studies. Chronic self-

administration of ethanol in C57BL/6J
mice produced increases in dynorphin
B in the amygdala and substantia nigra
21 days after cessation of drinking
(Ploj et al. 2000). Chronic ethanol
produced a decrease in k opioid recep-
tors in the nucleus accumbens (Rosin
et al. 1999) and an increase in dynorphin
B expression in the nucleus accumbens
(Lindholm et al. 2000), providing 
further evidence of upregulation of
dynorphin systems with ethanol depen-
dence. Direct support for the hypothesis
that dynorphin is part of the negative
emotional systems recruited in depen-
dence is the observation that a k antag-
onist, norbinaltorphimine (nor-BNI),
when injected intracerebroventricularly
or systemically, blocked ethanol self-
administration in dependent, but not
in nondependent, animals (Doyon et
al. 2006; Walker and Koob 2008;
Walker et al. 2010). k knockout mice
also drank less ethanol in a two-bottle
choice test using escalating doses of
ethanol (Kovacs et al., 2005).
Stress also increases dynorphin activity
(Shirayama et al. 2004), suggesting a
potential interaction with CRF systems.
Forced swim stress and inescapable
footshock produced place aversions in

mice that were blocked by a k antagonist
and dynorphin knockout. In other
studies, CRF was hypothesized to produce
its aversive effect via dynorphin activa-
tion (Land et al. 2008). Evidence also
exists showing that reinstatement of
drug-seeking behavior via activation 
of k opioid receptors is mediated by
CRF (Valdez et al. 2007). Thus, the
dynorphin/k system mimics stressor
administration in animals in producing
aversive effects and inducing drug-seeking
behavior, and this aversive response
may involve reciprocal interactions
with nucleus accumbens dopamine
and the brain extrahypothalamic CRF
system. Thus, the dynorphin/kappa
peptide system may be a parallel
extrahypothalamic brain stress system
that interfaces between the loss of
reward function and gain in brain
stress function associated with the
transition to alcohol dependence
(Koob et al. 2008).

Summary

Alcohol has a complex neuropharma-
cology and can affect many different
neurotransmitter systems. Several 
pharmacological agents that interact
with specific neurotransmitter systems
affected by alcohol already have shown
efficacy in the treatment of alcohol
dependence and many exciting experi-
mental agents are on the horizon.
Stress relief during protracted abstinence
is thought to be a major motivation for
excessive alcohol consumption and the
present overview outlines several new
targets for medications development
based on interactions with the brain
stress systems. The development of these
agents has been based on translational
approaches ranging from the use of
molecular techniques to understand
alcohol neurobiology and identify 
candidate molecules, to the use of
numerous animal models of alcohol-
related behaviors to test the effects and
mechanisms of action underlying these
agents, and finally the use of human
clinical trials and laboratory paradigms
to evaluate the clinical efficacy of these

Alcohol has 
a complex 

neuropharmacology 
and can affect 
many different 
neurotransmitter 

systems.
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agents. Future research needs to focus
on realizing the therapeutic potential
of agents acting on the brain stress sys-
tems and examining genetic and patient-
specific predictors of treatment response.
A better understanding of the mecha-
nisms underlying treatment response
could lead to appropriate treatment
matching and efficient utilization of
such novel medications.  ■
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Acute and chronic stress–related mechanisms play an important role in the
development of addiction and its chronic, relapsing nature. Multisystem adaptations in
brain, body, behavioral, and social function may contribute to a dysregulated
physiological state that is maintained beyond the homeostatic range. In addition,
chronic abuse of substances leads to an altered set point across multiple systems.
Resilience can be defined as the absence of psychopathology despite exposure to
high stress and reflects a person’s ability to cope successfully in the face of adversity,
demonstrating adaptive psychological and physiological stress responses. The study of
resilience can be approached by examining interindividual stress responsibility at
multiple phenotypic levels, ranging from psychological differences in the way people
cope with stress to differences in neurochemical or neural circuitry function. The
ultimate goal of such research is the development of strategies and interventions to
enhance resilience and coping in the face of stress and prevent the onset of addiction
problems or relapse. Key WoRDS: Addiction; substance abuse; stress; acute stress
reaction; chronic stress reaction; biological adaptation to stress; psychological
response to stress; physiological response to stress; resilience; relapse; coping
skills; psychobiology

evidence from different disciplines
suggests that acute and chronic
stress–related mechanisms play 

an important role in both the develop-
ment and the chronic, relapsing nature
of addiction (Baumeister 2003; Baumeister
et al. 1994; Brady and Sinha 2005).
Stress is defined as the physiological
and psychological process resulting from
a challenge to homeostasis by any real
or perceived demand on the body
(Lazarus and Fokman 1984; McEwen
2000; Selye 1976). Stress often induces

multisystem adaptations that occur in
the brain and body and affect behavioral
and social function. The resulting
dynamic condition is a dysregulated
physiological state maintained beyond
the homeostatic range. This definition
and conceptualization of stress was fur-
ther developed to explain the chronic
abuse of substances and comfort foods
and has been studied in the context of
behavioral addiction (i.e., pathological
gambling) (Dallman et al. 2005; Koob
and Le Moal 1997; Koob 2003).

Persistent challenges to an organism
through chronic substance use may
ultimately lead to an altered set point
across multiple systems. This hypothe-
sis is consistent with evidence that sug-
gests adaptations in brain reward and
stress circuits, and local physiology
(e.g., energy balance) can contribute to
addictive processes. Cravings or urges,
decreases in self-control, and a compul-
sive engagement in unhealthy behaviors
each characterize patients with addiction
(Dallman et al. 2005; Kalivas and



Volkow 2005; Koob et al. 2004; Sinha
2001). Alternatively, a person’s ability
to successfully cope with high stress is
reflected in adaptive physiological and
psychological responses (Charney
2004; MacQueen et al. 2003).
Resilience, defined as the absence of
psychopathology despite exposure to
high stress, can be studied by examining
interindividual differences in stress
responsivity across an organism’s various
types (i.e., at multiple phenotypic levels).
Responsivity ranges from psychological
differences in the way individuals cope
with stress to differences in neuro-
chemical or neural circuitry function
(Cicchetti and Blender 2006). Variability
within the genetic makeup and quality
of early-life experience, as well as inter-
actions between the two, are known 
to contribute to differences in stress
resilience (Enoch 2010; Heim and
Nemeroff 2001). Genetic influences
can stem from gene–environment
interactions, changes in gene expres-
sion influenced by the environment
(i.e., epigenetic changes), or variation
within the actual genetic code. Some
examples of genetic influences on
resilience include variability in the genes
involved in the body’s stress response
(i.e., those controlling the hypothalamic–
pituitary–adrenal [HPA] axis). These
include those coding for the corti-
cotropin-releasing factor (CRF) type 1
receptor or the glucocorticoid receptor
(GR) (which cortisol can activate) as
well as the serotonin transporter
cathecol-O-methyltransferase (COMT),
neuropeptide Y (NPY), and brain-
derived neurotrophic factor (BDNF)
genes (Feder et al. 2009) Genetic varia-
tion in the gene encoding the CRH1
receptor was found to moderate the
impact of stress, for example, among
adolescents engaging in heavy drinking
(Blomeyer et al. 2008; Schmid et al.
2010). This gene-by-environment
interaction predicted the initiation of
drinking in adolescence as well as pro-
gression to heavy drinking by young
adulthood (Schmid et al. 2010). The
following sections highlight resilient
responses to stress in studies in which
stress was identified as an important

factor contributing to the neurobiology
of alcohol dependence. 

Psychosocial Factors
Associated With Resilience 

Early studies of children exposed to
adversity (Masten 2001; Masten and
Coatsworth 1998; Rutter 1985) as well
as more recent studies in resilient adults
(Ahmad et al. 2010; Alim et al. 2008;
Bonanno 2004) have identified a range
of psychosocial factors associated with
successful adaptation to stressful or
traumatic events. For example, the
ability to simultaneously experience

both positive and negative emotions
when confronted with a high-stress 
situation increases flexibility of think-
ing and problem solving and can
buffer individuals from developing
stress-induced adverse consequences
(Fredrickson 2001; Ong et al. 2006).
Likewise, optimism has been associated
with resilience to stress-related disorders,
including alcohol use disorders (Ahmad
et al. 2010; Alim et al. 2008).
Unlike personality characteristics
associated with increased risk for sub-
stance use disorders (e.g., impulsivity,
novelty seeking, and negative emotion-
ality), positive emotionality, the tendency
to experience positive mood frequently,
was found to be associated with resilience
to substance use in a large longitudinal
study of public school students fol-
lowed from late childhood through
midadolescence (Wills et al. 2001). 
In this study, positive emotionality was
found to buffer the effects of parent–

child conflict and of parental and peer
substance use on adolescent substance
use. The ability to focus attention on
performing and completing tasks was
identified as a protective factor against
substance use (Wills et al. 2001). The
ability to focus attention might relate
to the capacity to cope by planning
and problem solving in times of stress,
both types of coping styles characteris-
tic of resilient individuals (Southwick
et al. 2005).
Veenstra and colleagues (2007)
examined the impact of coping style
on alcohol use in response to stressful
life events in a sample of 1,608 men
and 1,645 women drawn randomly
from the Dutch Lifestyle and Health
Study (Veenstra et al 2007). Individuals
who scored high on emotion coping, 
a coping style focused on feelings and
emotional content to cope with stress,
used more alcohol when experiencing 
a negative life event, compared with
those who scored low on emotion 
coping. Alcohol use in times of stress
did not vary by cognitive or by action
coping, but the study found that cog-
nitive coping and having more social
contacts was linked to lower alcohol
use in general. Another study of more
than 1,300 adult drinkers in the gen-
eral population from a New York
county found stress-induced drinking
in a subset of men (but not women)
who scored high on avoidance coping
and on positive expectancy from 
alcohol (Cooper et al. 1992). Men
with low-avoidance coping and low
expectancy from alcohol, on the other
hand, actually showed a negative 
relationship between stressful life
events and alcohol use. Of note, low
avoidance coping has been linked to
stress resilience in general, in several
other studies (Alim et al. 2008; Carver
et al. 1997). 

Neurochemistry of Resilience 

“Allostasis” refers to the dynamic pro-
cess through which the body adapts 
to daily stressors and maintains home-
ostasis (Sterling and Eyer 1988). Sudden
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The ability to focus 
attention on performing
and completing tasks 
was identified as a 

protective factor 
against substance use.



stressful events trigger the release of the
“flight-or-fight” hormones (i.e., cate-
cholamines) and other stress hormones
in the brain, preparing the organism to
cope with stress and avert harm. This
process is mediated by a stress circuit
(see figure 1), which is consistently
implicated in stress-related disorders
such as mood and anxiety disorders
and addictive disorders. Interindividual
variability in stress resilience results
from differences in the coordinated
stress response. This response com-
prises the function and interactions of
numerous hormones, neurotransmit-
ters, and neuropeptides, some of which
are discussed below.

HPA Axis
The HPA axis is a system regulated by
a complex negative-feedback system.
CRF, released by the hypothalamus in
response to stress, triggers the release of
adrenocorticotrophic hormone (ACTH)
from the anterior pituitary gland. This
process leads to the synthesis and release
of cortisol by the adrenal cortex. Cortisol
secretion acutely facilitates cognitive,
metabolic, immunologic, and behav-
ioral adaptations to stress. It also results,
however, in “allostatic overload” when
stress becomes chronic or overwhelm-
ing (McEwen 2003). Resilience is
maintained when the stress response 
is both activated and terminated effi-
ciently. The adaptive responses of the
HPA axis are thought to involve an
optimal balance of the cortisol-binding
receptors GR and mineralocorticoid
receptor (de Kloet et al. 2005, 2007).
Studies showing lower plasma levels
of ACTH but not cortisol in men with
a family history of alcoholism (Dai et
al. 2007; Gianoulakis et al. 2005) sug-
gest that HPA axis dysfunction might
predate the onset of alcoholism. Long-
term alcohol abuse is associated with
increased extrahypothalamic CRF 
signaling and dampened HPA axis
responsivity (Richardson et al. 2008).
Increases in extrahypothalamic CRF
contribute to negative emotional states
during abstinence, increasing risk for
relapse (Koob and Le Moal 2008). In 

a recent study, researchers asked alcoholics
who had been abstinent for 1 month
to imagine a relaxing situation of their
choice while listening to a previously
recorded audiotape of this situation. A
greater cortisol-to-corticotropin ratio
(i.e., higher adrenal sensitivity) during
this relaxed state was found to predict
a shorter time to alcohol relapse, thus
suggesting that new treatments aimed
a decreasing adrenal sensitivity could
reduce relapse rates (Sinha et al. 2011). 

Norepinephrine
During the acute stress response, the
hormone norepinephrine (NE) is released
through direct projections from the

brain site where NE is synthesized (i.e.,
locus coeruleus) and other brain stem
nuclei (i.e., structures that act as transit
points for brain signals) into the amyg-
dala, hippocampus, nucleus accumbens,
prefrontal cortex (PFC), and other brain
areas mediating emotional responses.
Several studies have linked abnormal
regulation of brain NE systems to
stress disorders (Krystal and Neumeister
2009; O’Donnell et al. 2004). As drug
dependence develops, levels of the neu-
rotransmitter dopamine decrease and
the NE stress system in the brain is
activated, contributing to “stress-like
states” and increased vulnerability to
stressors during periods of abstinence
(Koob and Le Moal 2008). In combi-
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Figure 1 Norepinephrine (NE) and dopamine (DA) are the principle chemical messengers
employed in central and peripheral sympathetic synapses, and the human NE trans-
porter rapidly clears NE and DA from the synaptic cleft via efficient transport system-
attenuating signaling, recycling 90 percent of these synaptic monoamines. NE neurons
innervate nearly all parts of the neuroaxis, with the locus coeruleus (LC) being
responsible for most of the NE in the brain. NE exerts neuromodulatory effects on 
the cellular activity of post-synaptic target neurons in many brain circuits, thereby
moderating synaptic transmission in target circuits including the thalamus, prefrontal-
cortex (PFC), ventral striatum (via PFC), and amygdala, which have been implicated
in substance use disorders. The widespread and divergent anatomical organization
positions the NE system to be involved in widely varying functions including responses
to stress, which alters both the electrophysiological activity of NE neurons in the LC
and the release of NE in the terminal regions of these cells, as well as crucial cogni-
tive functions, including attention and arousal. NE mediates many of the adaptive
and maladaptive consequences of stress exposure, implicating this system in a variety
of abnormal behaviors including alcohol dependence.
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nation with CRF, NE also might 
contribute to the consolidation of
emotional memories associated with drug
use in the amygdala (Koob et al. 2009).
Stress resilience may be enhanced
through the regulation of NE system
responsiveness, which is mediated
through effects on the NE transporter
on catecholamine receptors (i.e., a2
adrenoreceptors), as well as interactions
between the NE and other neurobiologic
systems, such as the dopamine and sero-
tonin systems (Krystal and Neumeister
2009). For example, animal studies
have shown that PFC NE nerve cell
projections (i.e., axons) have a latent
capacity to enhance synthesis and
recovery of transmitter, which might
underlie the capacity to adapt to stress
(Miner et al. 2006). This mechanism
deserves further study in humans with
positron emission tomography (PET),
which uses positron-emitting radio-
tracers to show where and how com-
pounds act in the brain (Ding et al.
2005). Other targets include the a2a
and a2c receptors, which have com-

plementary roles in the regulation of
stress responses (Small et al. 2000).
Yohimbine, a drug that blocks the a2
receptors (i.e., a receptor antagonist),
increases alcohol self-administration
and induces reinstatement of alcohol
seeking (Le et al. 2005; Marinelli et al.
2007). The recent finding that an a2c
receptor polymorphism (Del322-325)
reduces feedback inhibition of sympa-
thetic NE release (Neumeister et al.
2005) as well as evidence from studies
in mice bred to have an inactivated a2c
receptor (i.e., knockout mice) (Sallinen
et al. 1999), suggest that interventions
targeting this receptor might modulate
stress and anxiety responses.

Serotonin
The serotonin (5-HT) system, which
consists primarily of neurons from the
dorsal raphe nuclei that project widely
throughout the brain (including the
amygdala, ventral striatum, and PFC),
is involved in the regulation of stress
and anxiety. Serotonin has an impor-

tant role in promoting neuroplasticity
in the central nervous system, both
during development and in adulthood.
Serotonin also regulates the neuro-
chemical effects of drugs of abuse,
including alcohol, and is involved in
modulating impulsivity, known to
increase risk for alcohol and drug
abuse (Kirby et al. 2011). The 5-HT
system is itself modulated by drugs of
abuse. For example, alcohol adminis-
tration elevates 5-HT levels in the
nucleus accumbens, ventral tegmental
area (VTA), amygdala, and hippocam-
pus, an effect that is more pronounced
in alcohol-preferring rats. Reduced
activity of the 5-HT system might
contribute to depression during with-
drawal and increase vulnerability to
relapse (Kirby et al. 2011). In studies
of macaques, differential function of
the 5-HT system in interaction with
early life stress was found to affect alcohol
consumption: peer-reared female
macaques with a specific variant (i.e.,
the l/s genotype) of the serotonin
transporter polymorphism showed
higher levels of ethanol preference 
and increased consumption over time
(Barr et al. 2004).  
The 5-HT system is extremely com-
plex, including at least 14 receptor sub-
types. Of these receptors, the 5-HT1A,
5-HT1B, 5-HT2A, and 5-HT2C recep-
tors are well understood through
research on anxiety regulation in both
animals and humans (Krystal and
Neumeister 2009). The 5-HT1A
receptor is thought to counteract the
deleterious effects of 5-HT2A receptor
activation (i.e., the disruption of brain
cell creation), mediated by increased
release of the neurotransmitter gluta-
mate and direct glucocorticoid effects
(Hoebel et al 2007). Restrained func-
tion of another 5-HT receptor, 5HT1B,
might be central to resilient stress
responses by enhancing synaptic avail-
ability of 5-HT in the amygdala and
other cortical regions as well as pro-
moting dopamine release in the ventral
striatum (Clark and Neumaier 2001;
Krystal and Neumeister 2009; Sari
2004) (see figure 2). 

Figure 2   Alterations in serotonin 1B receptor (5HT1BR) function might contribute to alcohol
dependence by influencing not only serotonin (5HT) input to the ventral striatum via
the receptors’ role as 5HT terminal autoreceptors,1 but also dopaminergic input to the
striatum via the role of these receptors as heteroreceptors2 on GABA terminals within
the ventral tegmental area, and glutamatergic activity within the ventral striatum via
heteroreceptors on corticofugal projections.

1 Autoreceptor: A site on a neuron that binds the neurotransmitter released by that neuron, which then regulates the neuron’s activity.
2 Heteroreceptor: A site on a neuron that binds a modulatory neuroregulator other than that released by the neuron.



The role of this receptor subtype in
addiction disorders recently was studied
in humans. The report demonstrated
that alcohol dependence in humans,
like in rodent models, is associated with
increased levels of ventral striatal 5-HT1B
receptors (Hu et al. 2010). Additional
research is necessary to understand the
complex function of the 5-HT system.
However, these findings suggest possi-
ble novel targets for the treatment of
stress-related disorders and, most
important, addiction disorders.

Dopamine 
Dopaminergic neurons in the ventral
tegmental area (VTA) of the midbrain
project to the nucleus accumbens and
other limbic areas to form the mesolim-
bic dopamine system, the most studied
reward circuit. Dopamine neurons are
activated in response to reward or the
expectation of reward, and generally
are inhibited by aversive stimuli.
Dopamine signaling is central to the
onset of addiction, as well as to the
transition to dependence in interaction
with other neurotransmitter systems
(Ross and Peselow 2009). Drugs of
addiction trigger large but brief increases
in extracellular dopamine in the nucleus
accumbens. Over time, chronic drug
use downregulates dopamine receptors
and dopamine release, leading to
decreased sensitivity to natural rewards,
such as food and sex, and leading also
to further drug use (Volkow et al 2010).
Although findings from animal stud-
ies suggest that early-life stress can lead
to long-lasting changes in gene expres-
sion in the mesolimbic dopamine
pathway, ultimately increasing vulnera-
bility to addictive disorders, not all
individuals with a history of childhood
abuse develop addictive or other disorders,
thereby stressing the role of protective
factors such as genetic variants confer-
ring resilience (Enoch 2010).
Findings from several studies suggest
that higher dopamine D2 receptor
availability in the striatum might pro-
mote resilience to alcohol use disorders.
In a study of unaffected members of
alcoholic families, higher striatal
dopamine D2 receptor availability was

associated with higher positive emo-
tionality, discussed above as a protective
factor against alcohol use disorders
(Volkow et al 2006). Other studies
found that higher striatal dopamine
D2 receptor availability was associated
with resistance to the reinforcing effects
of stimulants in healthy volunteers
(Volkow et al. 1999, 2002) and in rats
(Thanos et al. 2008).

NPY
NPY, a 36–amino acid peptide, is
widely distributed in the brain. NPY
has anxiety-reducing properties in
rodents and is thought to enhance
resilience to stress in humans (Feder et
al. 2009; Morgan et al. 2000). Evidence
from animal and human studies suggests
that NPY has a key role in regulating
alcohol intake, dependence, and with-
drawal. Mice genetically modified to
overexpress NPY consume less alcohol
(Thiele et al. 1998), and administration
of NPY into the cerebral ventricles of
the brain (i.e., intracerebroventricular
infusion) reduces alcohol consumption
in alcohol-preferring rats (Thorsell
2007). Infusion of NPY into the cen-
tral nucleus of the amygdala has been
shown to normalize both anxiety
behaviors and alcohol intake, suggesting
that NPY might work by modulating
anxiety responses (Zhang et al. 2010).
In rhesus macaques exposed to early
life stress, and in human studies, certain
NPY gene polymorphisms are associ-
ated with differential susceptibility to
alcohol or cocaine dependence (Koehnke
et al. 2002; Lindell et al. 2010; Mottagui-
Tabar et al. 2005; Wetherill et al. 2008). 

Endocannabinoids
An emerging body of evidence suggests
an important role for the endogenous
cannabinoid (eCB) system and specifi-
cally the CB1 receptor in alcohol-related
behaviors (for review, see Basavarajappa
2007). To date, however, only periph-
eral measures of eCB function have
been collected in living humans with
alcohol dependence (AD) (Mangieri et
al. 2009), and no human in vivo data
on the potentially critical role of the

brain CB1 receptor in AD have been
collected yet. At a neurobiological level,
studies show impairments in decision
making in alcohol-dependent patients
(Dom et al. 2006), which is associated
with altered functions in a cortico-limbic-
striatal circuit, including the amygdala,
hippocampus, anterior cingulate cor-
tex, insula, and the ventral striatum.
Three sets of factors are thought to 
be responsible for high alcohol relapse
rates. First, individual differences in
the positive, reinforcing properties of
alcohol are known to increase risk of
alcoholism and possibly alcohol relapse
(Schuckit and Smith 1996). Second,
stimuli previously associated with 
alcohol use and its physiological and
subjective effects become paired with
alcohol and are thought to serve as
“conditioned cues” that can increase
alcohol craving and subsequent alcohol
use (O’Brien et al. 1998). Finally, stress
has been found to increase the risk of
alcohol relapse (Brown et al. 1990;
Miller et al. 1996; Sinha 2001). All
three factors can be linked to the eCB
system and its attending CB1 receptor
and increasing evidence derived from
animal studies suggests a role of the
eCB system in alcohol-related behav-
iors (Vinod and Hungund 2006).
Such research suggests that upregulation
of CB1 receptor–mediated G-protein
signaling in a brain circuit that medi-
ates AD susceptibility (involving the
amygdala, hippocampus, ventromedial
prefrontal cortex, insula, and ventral
striatum) (Sullivan and Pfefferbaum
2005) might contribute to the increased
alcohol consumption in patients with
chronic AD. For example, CB1 inacti-
vation (Hungund et al. 2003; Naassila
et al. 2004; Poncelet et al. 2003;
Thanos et al. 2005) and pharmacological
manipulation of CB1 receptor function
(Femenia et al. 2010; Maccioni et al.;
Maccioni et al. 2008; Malinen and
Hyytia 2008) result in reduced volun-
tary alcohol intake. In addition,
administration of an agent that binds
to the CB1 receptor (i.e., a CB1 recep-
tor agonist) (Colombo et al. 2002;
Gallate et al. 1999; Vinod et al. 2008b)
enhances alcohol consumption.
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In contrast, acute, short-term alcohol
intoxication is associated with elevated
eCB levels (Basavarajappa et al. 2006;
Blednov et al. 2007; Vinod et al.
2008a), reduced activity of the enzyme
fatty acid amide hydrolase (FAAH),
and reduced CB1 receptor–mediated
G-protein signaling (Vinod et al. 2011).
This mediates the activation of the
mesolimbic dopaminergic system
(Cheer et al. 2007; Hungund et al.
2003 ), which has been extensively
studied in alcohol dependence. Evidence
suggests a functional interaction between
these systems, which might be associated
with the reinforcing effects of alcohol
and therefore may be an important
mechanism in the etiology of alcohol
dependence. Findings in animal stud-
ies recently have stimulated interest in
the therapeutic potential of enhancing
eCB signaling, with research in humans
having just begun (Hill et al. 2009).
However, an accumulating body of
evidence suggests that the eCB system,
and in particular its attending CB1
receptor, provides novel leads for treat-
ment development in alcohol depen-
dence (Bailey and Neumeister 2011).

Behavioral Interventions to
Enhance Resilience 

To date, most studies on resilience
have been conducted in clinical popu-
lations with people exposed to traumatic
life events as a prototype of stress-related
disorders. However, these studies also
can inform the development and
implementation of behavioral interven-
tions to address alcohol dependence.
This is a critical application because
the ultimate goal of research attempting
to delineate a range of psychological,
neurochemical, and brain circuitry
mechanisms underlying resilience is
the development of strategies and
interventions aimed at enhancing
resilience in the face of stress, which 
is of particular relevance for people
struggling with alcohol dependence. 
As related to alcohol dependence,
improving resilience would influence
cognitive and emotional control in the

face of stress, resulting in the ability to
weather cravings without using alcohol,
mindfulness to be aware of impulsive
behavior and potentially avoid impul-
sive behaviors associated with alcohol
use, and the development of prosocial
behavior and interpersonal relations
that could serve to support the individual
in the face of stress and prevent alcohol

use. Several cognitive and behavioral
interventions have been developed in
an effort to develop these capacities.
These interventions, which include
various forms of cognitive and behavioral
psychotherapies (Butler et al. 2006;
Marlatt 2001), mindfulness-based
stress reduction (e.g., Astin 1997;
Shapiro et al. 1998; Teasdale et al. 2000)
and other therapeutic approaches, aim
to help prevent the onset or minimize
the extent of alcohol use behaviors. In
addition, therapeutic approaches based
on positive psychology might also help
promote psychological resilience (e.g.,
Seligman and Csikszentmihalyi 2000)
and are currently being evaluated for
their effectiveness in addressing alcohol
dependence.
Taken together, interventions aimed

at enhancing resilience to stress that
focus on developing cognitive reappraisal
skills, fostering mindfulness, and facili-
tating social interaction that results in
enhanced social support could be par-
ticularly effective in helping people
cope with stress and preventing the
onset of alcohol use problems or relapse.
Indeed, cognitive–behavioral models 
of addiction and relapse treatment
such as those provided by Marlatt and

colleagues (e.g., Marlatt 2001) high-
light the role of experiencing negative
affect as a primary trigger for using
alcohol and relapsing. Mindfulness
skills can be particularly useful in help-
ing an individual cope with negative
affect in the moment without resorting
to the use of substances. Moreover, the
attributions that individuals make
upon relapsing (whether the attribution
for use is internal and stable: “I just
can’t handle stress and I’m bound to
keep using”—versus external and
unstable: “This was really stressful and
difficult to deal with, and I decided to
take the easy route this time”) can
influence whether the relapse develops
into a full-blown relapse or remains an
isolated event. Cognitive reappraisal of
these situations and the attributions
that individuals make of their alcohol
use can thus be of great importance in
developing resilience in the treatment
of alcohol use disorders. 

Conclusions and Future
Directions

Despite extensive research and knowl-
edge regarding their serious adverse
consequences, addiction disorders con-
tinue to contribute to the top preventable
causes of death and morbidity in the
United States (Centers for Disease
Control and Prevention 2003). The
mechanisms underlying the persistent
and compulsive engagement in these
behaviors remain poorly understood.
Based on previous evidence, researchers
have hypothesized that the chronic
nature of addiction disorders is rooted
in the neurotoxic effects of stress on
the brain. These effects undermine the
neuroplasticity within networks required
for the recovery process to take place.
As a result, mechanisms of resilience
are crucial to the understanding of
neuroadaptive potential and its behav-
ioral consequences. This is an impor-
tant topic of current research, which
stands at a unique crossroad in the study
of addiction disorders. The explosion
in the field of molecular and cellular
neuroscience calls for interdisciplinary,

Researchers have 
hypothesized that 

the chronic 
nature of addiction 
disorders is rooted 
in the neurotoxic 
effects of stress 
on the brain.



collaborative team-based approaches. 
A greater understanding of the neuro-
biology of stress and resilience, as 
well as its implications on the neuro- 
biology of addictions, is crucial to 
the prevention of such disorders and 
to the development of evidence-based
treatment strategies. ■
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Acute and chronic stressors have been associated with
alterations in mood and increased anxiety that may eventually
result in the development of stress-related psychiatric disorders.
Stress and associated disorders, including anxiety, are key
factors in the development of alcoholism because alcohol
consumption can temporarily reduce the drinker’s dysphoria.
One molecule that may help mediate the relationship between
stress and alcohol consumption is brain-derived neurotrophic
factor (BDNF), a protein that regulates the structure and
function of the sites where two nerve cells interact and
exchange nerve signals (i.e., synapses) and which is involved in
numerous physiological processes. Aberrant regulation of BDNF
signaling and alterations in synapse activity (i.e., synaptic
plasticity) have been associated with the pathophysiology of
stress-related disorders and alcoholism. Mechanisms that
contribute to the regulation of genetic information without
modification of the DNA sequence (i.e.,epigenetic mechanisms)
may play a role in the complex control of BDNF signaling and
synaptic plasticity—for example, by modifying the structure of
the DNA–protein complexes (i.e., chromatin) that make up the
chromosomes and thereby modulating the expression of certain
genes. Studies regarding the epigenetic control of BDNF
signaling and synaptic plasticity provide a promising direction to
understand the mechanisms mediating the interaction between
stress and alcoholism. KEY WORDS: Alcoholism; alcohol
consumption; genetic factors; epigenetics; acute stressors;
anxiety disorders; stress-related psychiatric disorders;
physiological response to stress; dysphoria; brain; brain-
derived neurotrophic factor (BDNF); synaptic plasticity

Alcoholism is a complex disorder characterized by com-
pulsive alcohol seeking and consumption that also is
impacted by related psychiatric states, such as anxiety

(Koob 2003; Pandey 2003). Both environmental and genetic
factors influence alcohol drinking patterns and may increase
susceptibility to the development of alcohol addiction
(Cloninger 1987; Crabbe 2002). The presence or develop-
ment of comorbid stress-related psychiatric disorders, which
typically are characterized by features such as altered mood
and anxiety, often has been associated with an increased
propensity for alcoholism (Bolton et al. 2009; Grant et al.
2004; Schuckit and Hesselbrock 1994). More specifically,

alcohol consumption is thought to reduce negative symp-
toms such as depressed mood and anxiety (i.e., dysphoria)
linked with stress-related disorders, which ultimately results
in self-medication (Bolton et al. 2009; Robinson et al. 2009).
Acute and chronic stressors also may be important factors
in regulating alcohol craving and may play a significant role
in the relapse to alcohol and drug dependence (Breese et al.
2011; Self and Nestler 1998; Sinha 2007; Uhart and Wand
2009). Various forms of stress, including early-life stress;
severe acute stress, such as that experienced in posttraumatic
stress disorder (PTSD); and chronic stress, likely can be asso-
ciated with an increased risk of alcohol and drug dependence
(Gordon 2002; Sinha 2008; Uhart and Wand 2009). At the
same time, early alcohol exposure and acute alcohol with-
drawal may increase vulnerability to stress that may result in
the development of negative affective states, such as anxiety
or depression (Guerri and Pascual 2010; Hellemans et al.
2010; Koob 2003; Pandey 2003). Taken together, these find-
ings delineate an intricate and complex relationship between
stress and alcohol exposure and have stimulated various lines
of research that attempt to identify the molecular mecha-
nisms involved in the development of dysphoric symptoms
related to the pathophysiology of alcoholism (Koob 2003;
Moonat et al. 2010; Pandey 2003). 
One focus of this research is the hypothalamus, a key
brain region involved in the body’s two main stress response
systems: (1) the hormonal system known as the hypothalamic–
pituitary–adrenal axis that culminates in the release of stress
hormones from the adrenal glands to elicit responses through-
out the body and (2) the brain’s central stress response system
that includes clusters of brain cells (i.e., nuclei) in the limbic
system and autonomic centers of the brain stem (Koob 2008;
Smith and Vale 2006). The neurocircuitry related to the cen-
tral stress response comprises connections between various
hypothalamic nuclei, the hippocampus, brain stem nuclei,
and a system of interconnected nuclei in the basal forebrain,
the extended amygdala (Koob 2008, 2009). These include
the central nucleus of amygdala (CeA), medial nucleus of
amygdala (MeA), bed nucleus of the stria terminalis, and the
shell of the nucleus accumbens (NAc) (Alheid 2003; Koob
2003). Some regions of the extended amygdala, such as the
CeA, also have been associated with the development of
alcoholism and stress-related disorders such as anxiety, 



suggesting that the extended amygdala is a neuroanatomical
substrate for the interaction between stress and alcoholism
(Koob and Volkow 2010; Pandey 2003, 2004).
One mechanism that may provide a link between stress-
related psychiatric disorders and alcoholism is modification
of synaptic plasticity via neuroadaptation (figure 1) (Moonat
et al. 2010; Pandey et al. 2008b; Pittenger and Duman 2008).
Studies found that ethanol exposure and related withdrawal
symptoms can result in structural and functional modifica-
tions at the sites where two nerve cells (i.e., neurons) interact
and transmit nerve signals (i.e., at the synapse). These modi-
fications at the synaptic level have been observed in various
brain regions as well as in neuronal cultures (Carpenter-Hyland
and Chandler 2006; Pandey et al. 2008b; Roberto et al. 2002;
Zhou et al. 2007). Chronic stress also is associated with changes
in structural and functional plasticity in various brain regions,
including the hippocampus, amygdala, and prefrontal cortex
(Goldwater et al. 2009; Pavlides et al. 2002; Roozendaal et
al. 2009). Neuroadaptation associated with ethanol exposure
or stress plays a role in the onset of dysphoric symptoms 
that may manifest as stress-related psychiatric disorders or
withdrawal-induced anxiety (Pandey et al. 2008b; Pittenger
and Duman 2008; Roozendaal et al. 2009). 
One molecule that has been implicated in synaptic plasticity
and long-term memory formation is a protein, cAMP-
responsive element binding (CREB) (Abel and Kandel 1998;
Alberini 2009; Waltereit and Weller 2003). It also has been
recognized as a critical modulator of neuroadaptation associated
with alcoholism (Misra et al. 2001; Pandey 2004; Pandey et
al. 2003, 2005) and the effects of stress (Barrot et al. 2002;
Bilang-Bleuel et al. 2002; Carlezon et al. 2005). CREB is a
transcription factor—that is, it helps regulate the first step 
in the conversion of the genetic information encoded in the
DNA into finished protein products (i.e., transcription) by
binding to specific DNA sequences in its tar-
get genes. To exert its effects, CREB must 
be activated by the addition of a phosphate
group to (i.e., phosphorylation of) the amino
acid serine at position 133 of the CREB protein.
This phosphorylation is performed by enzymes,
protein kinases, that are associated with vari-
ous signaling cascades, including the mitogen-
activated protein kinase (MAPK) pathway
(Impey et al. 1999; Shaywitz and Greenberg
1999; Waltereit and Weller 2003). One tar-
get gene of CREB encodes a molecule, brain-
derived neurotrophic factor (BDNF), which
plays an important role in the regulation of
synaptic plasticity and dendritic spine struc-
ture (Minichiello 2009; Poo 2001; Tao et al.
1998; Soule et al. 2006). (For more informa-
tion on dendritic spines, see the textbox
“Histone Acetylation and Dendritic Spines.”)
BDNF also may mediate changes in synaptic
plasticity that accompany both alcohol expo-
sure (Moonat et al. 2010, 2011; Pandey et al.
2008b) and stress (Briand and Blendy 2010;

Duman and Monteggia 2006). Accordingly, researchers have
begun to investigate how BDNF activity is controlled. These
studies have determined that mechanisms contributing to
the regulation of gene transcription that do not involve alter-
ations of the DNA sequence (i.e., epigenetic mechanisms)
seem to play a role in the regulation of BDNF activity as
well as in synaptic plasticity (Guan et al. 2009; Lubin et al.
2008; Tsankova et al. 2006). Accordingly, this topic has
become a focus of research in stress and alcoholism (Elliott et
al. 2010; Hunter et al. 2009; Moonat et al. 2010; Pandey et
al. 2008a; Qiang et al. 2010).
This article reviews research that attempts to describe the
role of epigenetic mechanisms in the regulation of BDNF
function in alcoholism and stress. After providing an overview
of epigenetic mechanisms and their role in the control of
gene transcription, the article will summarize research regarding
the regulation of BDNF signaling, focusing on epigenetic
mechanisms involved in the regulation of BDNF expression.
Finally, the article will outline the potential role of the epige-
netic control of BDNF signaling and synaptic plasticity in
alcoholism and stress.

Epigenetic Regulation of Gene Transcription

The term epigenetics refers to chemical modifications occurring
within a genome that may modulate gene expression without
changing the DNA sequence (Holliday 2006; Murrell et al.
2005; Waddington 1942). Common epigenetic alterations
include the chemical modification (e.g., addition or removal
of acetyl groups) of the proteins around which the DNA is
wrapped (i.e., histone proteins) to form the chromosomes
and the direct addition of methyl groups (i.e., methylation)
to DNA. These modifications are performed by enzymes,
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Figure 1   A psychiatric model for the relationship between stress, anxiety, and alcohol 
consumption and its modulation by brain-derived neurotrophic factor (BDNF) 
and synaptic plasticity. Exposure to stress is thought to result in the modulation 
of BDNF and synaptic plasticity in various brain regions. These changes may
result in increased vulnerability to the development of stress-related disorders
such as anxiety. Vulnerability to alcohol consumption also may be increased,
either directly due to stress exposure or in response to the development of anxiety. 
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such as histone deacetylases (HDACs) and DNA methyl-
transferases (DNMTs). Both of these mechanisms work in
concert to remodel the structure of the protein–DNA complex
(i.e., the chromatin), thereby regulating the access of the
transcriptional machinery to the DNA and, consequently,
gene expression in the cell (Borrelli et al. 2008; Jenuwein
and Allis 2001; Levenson and Sweatt 2005; for more infor-
mation, also see Starkman et al. 2012). 

Histone Acetylation
The basic unit of chromatin, a nucleosome, consists of four
histone protein subtypes that form an octamer around which
the DNA is wrapped (Jenuwein and Allis 2001; Smith
1991). Histone modification occurs at lysine amino acids
near one end of the histone proteins and, as mentioned earlier,

involves the addition and removal of acetyl groups. The level
of acetylation of the histones determines how tightly the
DNA is wound around the histones and how tightly the
nucleosomes are stacked together. In the presence of many
acetyl groups (i.e., hyperacetylation) at specific lysine residue
of histones H3 and H4, the chromatin is relaxed and accessi-
ble to the transcriptional proteins, resulting in increased gene
transcription; conversely, in the presence of only few acetyl
groups (i.e., hypoacetylation), the chromatin is condensed,
preventing access of transcriptional proteins and resulting in
gene silencing (Smith 1991; Strahl and Allis 2000).
HDACs are enzymes that can remove acetyl groups from
histone proteins; they seem to be key elements in the regula-
tion of chromatin structure and function (figure 2) (Jenuwein
and Allis 2001). Inhibition of HDAC enzymes by pharma-
cological intervention is effective in the treatment of some

cancers, and numerous HDAC inhibitors
have been approved or are in clinical trials 
for this purpose (Dokmanovic et al. 2007;
Lane and Chabner 2009). Recently, HDAC
inhibitors also have been explored as potential
therapeutic agents in the treatment of psychiatric
disorders, including stress-related disorders
and addiction, and have become an impor-
tant focus of research in the neuroscience
field (Covington et al. 2009; Kumar et al.
2005; Pandey et al. 2008a; Renthal and
Nestler 2008; Tsankova et al. 2007). Several
HDAC isoforms have been identified and
grouped into four classes based upon their
regulation and cellular localization (de Ruijter
et al. 2003; Dokmanovic et al. 2007). Specific
HDAC variants (i.e., isoforms) recently have
been identified as regulators of neuronal pro-
cesses such as synaptic plasticity (Guan et al.
2009; Renthal and Nestler 2008). This suggests
that use of isoform-specific HDAC inhibitors
may increase the specificity and efficacy of these
drugs in the treatment of psychiatric disorders.

DNA Methylation
The chromatin structure also can be modified
by adding methyl groups to certain DNA
building blocks (i.e., cytosine nucleotides) in
a particular gene, resulting in transcriptional
silencing (see figure 2). The level of DNA
methylation is controlled by three DNMT
subtypes that seem to be differentially regu-
lated and preferentially methylate at specific
DNA sequences (Antequera 2003; Bestor
2000; Okano et al. 1999). DNA methylation
can inhibit transcription either directly, by
blocking the binding of transcriptional
machinery to DNA, or indirectly, via methyl-
CpG binding domain proteins (MBDs) 
(Fan and Hutnick 2005; Wade 2001). 
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HDAC-Induced Histone Deacetylation 
and Dendritic Spines

Dendritic spines are protuberances that make up the sites where
incoming signals from other nerve cells are received (i.e., the post-
synaptic terminals) along dendritic processes. The overall number

of dendritic spines, their shape, and their distribution on the dendritic
processes can change rapidly. This compartmentalization of dendritic
spines may allow for the regulation of synaptic plasticity at an individual
synapse (Yuste 2011; Higley and Sabatini 2008). For example, various
intracellular signaling mechanisms, including brain-derived neurotrophic
factor (BDNF) signaling via activity-regulated cytoskeleton-associated
(Arc) protein, can regulate the structural and functional components of
dendritic spines associated with long-term potentiation (LTP) and synaptic
plasticity (Bramham et al. 2008; Minichiello 2009; Soule et al. 2006).
Epigenetic mechanisms also may play a role in the regulation of den-
dritic spines. Specifically, a recent study (Guan et al. 2009) noted that
one histone deacetylase (HDAC) subtype, HDAC2, is involved in the
regulation of dendritic spines. When studying mice that produced exces-
sive levels of HDAC2, the investigators found that increased HDAC2 levels
were associated with reduced memory formation in a fear-conditioning
paradigm and that this impairment was associated with a reduction in
dendritic spine density in the hippocampus. Treatment of HDAC2-
overexpressing mice with HDAC inhibitors reversed these deficits. On
the other hand, animals in which the gene encoding HDAC2 was inac-
tivated (i.e., HDAC2 knockout animals) showed improved learning 
and increased dendritic spine density (Guan et al. 2009). These findings
suggest that HDAC2 plays a role in the regulation of synaptic plasticity;
however, future studies may be necessary to identify the specific genes
that are regulated by HDAC2 in the control of neuronal function and
structure. Given the involvement of brain-derived neurotrophic factor
(BDNF) in synaptic plasticity, it may be useful to evaluate the potential
regulation of BDNF signaling by HDAC2 in learning at the neuronal
and behavioral levels.



These proteins, including MeCP2, seem to directly regulate
the condensation of chromatin structure and recruit HDACs
and DNMTs, which may further enzymatically modify chro-
matin components (see figure 2) (Fuks et al. 2000; Kimura
and Shiota 2003; Nan et al. 1998). Mutations in the MeCP2
gene and, consequently, the resulting protein that alter tran-
scription of the gene encoding BDNF and affect synaptic
plasticity are thought to underlie a neurodevelopmental dis-
order, Rett syndrome (Chahrour and Zoghbi 2007; Chang 
et al. 2006; Monteggia and Kavalali 2009; Zhou et al. 2006).
Thus, the coordinated actions of HDACs, DNMTs, and
MBDs form a complex regulatory network that modulates
neuronal function, and dysregulation of these proteins has
been implicated in a variety of psychiatric disorders.
Researchers are beginning to identify the role of epigenetic
mechanisms in the regulation of gene transcription related to
alcohol exposure and the development of alcoholism (Kim
and Shukla 2006; Moonat et al. 2010; Pandey et al. 2008a;
Qiang et al. 2010). Moreover, histone modifications and

DNA methylation are involved in the dysphoric states
induced by acute and chronic stress (Elliott et al. 2010;
Fuchikami et al. 2009; Hunter et al. 2009; Tsankova et al.
2006). Specifically, various studies have demonstrated that
epigenetic mechanisms are involved in the regulation of
BDNF gene transcription, which in turn plays a role in the
modulation of synaptic structure and function (He et al.
2010; Lubin et al. 2008; Tsankova et al. 2006). This will be
discussed in the following section.

The Regulation of BDNF Expression and Signaling

BDNF signaling seems to be an important factor in the
intracellular processes which occur following neuronal acti-
vation (i.e., activity-dependent processes) that play a role in
synaptic plasticity and the regulation of dendritic morphology
(Messaoudi et al. 2007; Poo 2001; Soule et al. 2006; Ying et
al. 2002). BDNF acts by binding to a receptor molecule,
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Figure 2   The coordinated actions of proteins involved in epigenetic modifications that regulate gene transcriptional processes. During the first step
in the conversion of genetic information encoded in the DNA into gene products (i.e., during gene transcription), the DNA to be transcribed
is associated with histone proteins (light blue) that are modified by the addition of acetyl groups (green). This modification results in a
relaxed chromatin configuration that allows the transcriptional machinery access to the DNA. Enzymes, DNA methyltransferases (DNMTs),
can add methyl groups (red) to the DNA at certain sequences of DNA building blocks (i.e., CpG islands). This methylation causes recruit-
ment of methyl binding domain (MBD) protein complexes that also include repressor proteins, such as histone deacetylases (HDAC). The
HDACs remove acetyl groups from histone proteins, resulting in a condensed chromatin that limits the binding of the transcriptional machinery,
thereby decreasing gene transcription. Thus, activation of both DNMT and HDAC causes a reduction in gene transcription. Treatment with
DNMT inhibitors and HDAC inhibitors may block these enzymatic processes and return the chromatin to a relaxed state, allowing gene
transcription.



tyrosine kinase B (TrkB), which can phosphorylate other
proteins as well as itself. The interaction of TrkB with
BDNF results in dimerization and autophosphorylation of
the receptor (Minichiello 2009; Reichardt 2006). When the
TrkB receptor becomes phosphorylated, it can bind to “adap-
tor molecules” that then can initiate three primary intracellu-
lar signaling cascades (Impey et al. 1999; Minichiello 2009;
Reichardt 2006):

• The MAPK pathway;

• The phospatidylinositol 3-kinase (PI3K) pathway; and 

• The phospholipase Cγ (PLCγ) pathway. 

The activation of these cascades, particularly the MAPK
pathway, ultimately results in the recruitment and phospho-
rylation of two transcription factors, CREB and Elk-1,
which in turn enhance the expression of a gene, activity-
regulated cytoskeleton-associated (Arc) immediate-early gene,1
(see figure 3) (Bramham et al. 2008; Pandey et al. 2008b;
Ramanan et al. 2005; Ying et al. 2002). Arc protein plays 
a role in the induction of a process, long-term potentiation,
and is believed to result in the proliferation of dendritic
spines (Huang et al. 2007; Messaoudi et al. 2007; Pandey et
al. 2008b; Ying et al. 2002). Thus, BDNF plays an impor-
tant role in the regulation of synaptic plasticity by activating
TrkB-coupled signaling and causing induction of Arc immediate-
early gene.
BDNF is a member of the neurotrophin family whose
activity is governed by complex regulatory mechanisms at
the transcriptional, translational, and posttranslational levels
of gene expression.2 The gene encoding BDNF has a complex
structure that allows for dynamic control over the expression
of the gene region that encodes the actual BDNF protein by
allowing for differential regulation of transcription via a wide
variety of signaling and epigenetic mechanisms (Aid et al.
2007; Tao et al. 1998; Tsankova et al. 2004). For example,
several regulatory elements (i.e., promoters) control BDNF
transcription, with certain promoters active only in certain
cells. As a result, several distinct BDNF transcripts (i.e., 
messenger RNAs [mRNAs]) can be generated that differ in
the tissues and cells where they are produced; for example,
certain BDNFmRNAs specifically are targeted to the neu-
ronal dendrites (Aid et al. 2007; An et al. 2008; Greenberg
et al. 2009; Timmusk et al. 1993). Specific BDNF transcripts
also seem to be differentially regulated by activity-dependent
processes. For example, some BDNF transcripts are regulated
by the CREB transcription factor, and transcription of the
same BDNFmRNAs is increased after consolidation of fear

learning (Lubin et al. 2008; Ou and Gean 2007; Tao et al.
1998). In this manner, BDNF expression is regulated by
CREB and, in turn, BDNF signaling also helps modulate
CREB activity (Pandey et al. 2008b; Pizzorusso et al. 2000;
Ying et al. 2002).

Role of Epigenetic Mechanisms
Epigenetic mechanisms, specifically histone modifications
and DNA methylation, regulate BDNF expression via 
specific promoter regions for the BDNF gene. Huang and
colleagues (2002) demonstrated that histone acetylation
resulted in enhanced BDNF expression. Specifically, the level
of histone acetylation associated with BDNF promoter II
was increased in the hippocampus, suggesting a role for
chromatin remodeling in the regulation of BDNF. Tsankova
and colleagues (2004) also showed that histone acetylation
influenced hippocampal BDNF expression in a model of
electroconvulsive shock therapy, demonstrating that time-
and promoter-dependent changes in histone acetylation levels
were associated with similar changes in BDNF expression.
Other investigators subsequently found that histone modifi-
cations were involved in the regulation of BDNF expression
in the striatum during chronic cocaine exposure and in the
hippocampus in a model of depression induced by chronic
social-defeat stress (Kumar et al. 2005; Tsankova et al. 2006).
Importantly, these studies determined that specific HDAC
isoforms participated in the complex process of chromatin
remodeling, suggesting a therapeutic role for isoform-specific
HDAC inhibitors in alcohol and drugs of abuse as well as in
depression (Kumar et al. 2005; Tsankova et al. 2006; Renthal
and Nestler 2008). (Another role for HDAC activity—
namely, in the regulation of dendritic spines—is discussed in
the textbox “Histone Deacetylation and Dendritic Spines.”) 
As mentioned earlier, DNA methylation can inhibit tran-
scription indirectly, via MBDs that seem to regulate the con-
densation of chromatin structure and recruit HDACs and
DNMTs. One of these MBDs is MeCP2, which represses
gene transcription via coordinated binding of methylated
DNA, HDACs, and DNMT1 (Ballestar and Wolffe 2001).
MeCP2 plays a role in the activity-dependent regulation of
BDNF expression in neurons. Specifically, enhanced expression
of one of the BDNF variants (i.e., BDNF exon IV) following
arrival of a nerve impulse in the neurons (i.e., following
depolarization) was associated with increased histone acetylation,
reduced DNA methylation, and reduced MeCP2 binding 
at the promoter for that BDNF variant. This suggests that
BDNF expression is regulated dynamically by chromatin
remodeling (Martinowich et al. 2003). MeCP2-dependent
regulation of this BDNF variant also is involved in regulating
the formation of dendritic spines (Zhou et al. 2006). 
The association between MeCP2 and BDNF exon IV 
levels is mediated at least in part by a protein, RACK1. This
protein associates with histones H3 and H4 at the BDNF
exon IV promoter and causes MeCP2 to dissociate from the
BDNF gene (He et al. 2010). RACK1-mediated dissociation
of MeCP2 from the BDNF gene leads to increased histone
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1 This gene also is known as activity-regulated gene 3.1 (Arg3.1).

2 Transcription is the first step of gene expression, in which the genetic information encoded in the
DNA is copied into an intermediate molecule, mRNA. In the second step of gene expression, transla-
tion, the mRNA then serves as a template for the synthesis of the proteins that are the gene products.
After translation (i.e., posttranslationally) these proteins can be modified further by the addition of
certain chemical groups.



acetylation at the BDNF exon IV promoter and, in turn,
increases BDNF expression (He et al. 2010). Other studies
found that reduction of DNA methylation levels 
in the BDNF exon IV promoter region increased BDNF
expression during a fear conditioning experiment (Lubin 
et al. 2008). Of interest, in that study BDNF exon IV
expression specifically was associated with the consolidation
of fear memory, whereas increases in other BDNF variants
(i.e., BDNF exons I and VI) occurred with the presentation
of context alone (Lubin et al. 2008). 
Taken together, these findings provide evidence for the over-
lap between histone modifications and DNA methylation in
the regulation of BDNF gene expression, which may be associ-
ated with activity-dependent changes in synaptic plasticity. 

BDNF and Epigenetic Mechanisms in Stress 
and Alcoholism

BDNF and Stress
Chronic stress has been linked with shrinkage of brain tissue
(i.e., neuronal atrophy) and modulation of dendritic struc-
ture in the hippocampus (McEwen 2008; Watanabe et al.
1992) and was associated with reduced BDNF levels in that
brain structure (Smith et al. 1995). In addition, both acute
and chronic stress may modulate BDNF levels and structural
plasticity in a variety of brain areas, including the hippocam-
pus, prefrontal cortex, and amygdala (Calabrese et al. 2009;
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Figure 3   A hypothetical model for the role of brain-derived neurotrophic factor (BDNF) signaling and chromatin remodeling in central amygdaloid
brain regions in the regulation of anxiety induced by acute ethanol and ethanol withdrawal. BDNF binding to tyrosine receptor kinase B
(TrkB) triggers several signaling cascades that culminate in the activation of transcription factors, Elk-1 and cAMP-responsive element binding
protein (CREB). Under normal conditions, histone deacetylase (HDAC) levels and histone acetylation are adequate to allow for normally
regulated chromatin structure and gene transcription. Acute ethanol exposure inhibits HDAC, resulting in increased histone acetylation 
and an open chromatin conformation. This may lead to increased transcription of BDNF as well as higher levels of a protein, activity-regulated
cytoskeleton associated protein (Arc), thereby increasing dendritic spine density. The modulation of these synaptic factors results in anxi-
ety-reducing (i.e., anxiolytic) behavioral effects. In contrast during withdrawal from chronic ethanol exposure HDAC activity increases, result-
ing in a reduction of histone acetylation that in turn closes the chromatin conformation and reduces gene transcription. The resulting low
BDNF levels decrease Arc and dendritic spine density, all of which are associated with anxiety-like behaviors. This model is further supported
by the fact that exogenous infusion of BDNF into the CeA reduces anxiety-like behaviors in ethanol withdrawn rats and is associated with
increased BDNF and Arc levels (Moonat et al. 2010; Pandey et al. 2008a, 2008b).



McEwen 2008; Pizarro et al. 2004). In the hippocampus,
acute stress caused by immobilization as well as swim stress
increased the levels of BDNFmRNA. This increase was asso-
ciated with increased MeCP2 phosphorylation, suggesting
that epigenetic mechanisms help mediate the effects of acute
stress (Marmigere et al. 2003; Molteni et al. 2009). Increased
BDNF expression may represent a protective mechanism in
response to stress; conversely, reduced BDNF levels after
exposure to repetitive and chronic stress appear to represent
a dysregulation of this mechanism (Calabrese et al. 2009;
McEwen 2008). This assumption is supported by findings
that the antidepressant effects of medications used in chronic-
stress models of depression are mediated by an increase in
BDNF levels in the hippocampus (Nibuya et al. 1995;
Shirayama et al. 2002; Tsankova et al. 2006). It also is inter-
esting to note that low BDNF levels in the CeA and MeA
mediate anxiety-like behaviors, and the anxiety-reducing
(i.e., anxiolytic) effects of alcohol may be associated with an
increase in BDNF signaling (Moonat et al. 2011; Pandey 
et al. 2006, 2008b). These observations clearly suggest that
aberrations of BDNF signaling contribute to the develop-
ment of stress-related dysphoric behaviors, and the BDNF
signaling pathway therefore may be a promising potential
therapeutic target for treatment of these disorders. 

Role of Chromatin Remodeling. Researchers recently
also have begun to investigate the role of chromatin

remodeling in BDNF signaling associated with stress-related
dysphoria. Using a model of depression induced by chronic
stress, Tsankova and colleagues (2006) found that the
levels of the BDNF exon IV and exon VI were reduced in
the hippocampus and that this effect could be blocked by
chronic antidepressant treatment (Tsankova et al. 2006).
Further analyses found that this effect likely was associated
with changes in histone methylation because chronic stress
increased the levels of methylated histone H3 protein near
the BDNF exons IV and VI promoters, which interferes
with BDNF transcription. Conversely, treatment with
antidepressants reduced the levels of histone methylation
and increased the levels of acetylated H3 associated with
these BDNF promoters, thereby increasing BDNF expression.
Simultaneously, antidepressant treatment reduced the
expression of HDAC5, but when the levels of HDAC5
were elevated through genetic engineering, the effects of
antidepressant treatment were reduced (Tsankova et al. 2006).
The levels of several HDACs in the NAc also may influence
the development of stress-related dysphoria. In contrast to
the hippocampus, HDAC2 and HDAC5 levels in the NAc
were reduced by chronic stress, suggesting opposing roles for
histone modifications in the hippocampus and NAc in
stress-related dysphoria (Renthal et al. 2007). Interestingly,
systemic treatment with HDAC inhibitors or infusion of
HDAC inhibitors into the NAc reduced stress-related dys-
phoria (Covington et al. 2009; Tsankova et al. 2006). Taken
together, all these results suggest that histone modifications

may be involved in the regulation of BDNF
in stress-related dysphoria and the therapeu-
tic effects of antidepressants. 

Role of DNA Methylation. DNA methylation
also plays a role in the development of
stress-related dysphoria as well as synaptic
plasticity in the NAc. Specifically, chronic
stress increased expression of one DNA
methyltransferase, DNMT3a, in the NAc,
which was associated with an increase in
depressive-like behavior (LaPlant et al. 2010).
Infusion of a DNMT inhibitor into the
NAc of chronically stressed animals reduced
these observed behaviors. Conversely,
overexpression of DNMT3a in the NAc
precipitated a depression-like phenotype in
animals that had not been exposed to stress.
DNMT3a overexpression also resulted in
the proliferation of dendritic spines (LaPlant
et al. 2010). These results indicate that
DNMT3a may contribute to stress-related
dysphoria and control of dendritic spine
structure. It would be interesting to expand
upon these results and determine if a link
exists between stress-associated changes in
DNMT3a and methylation of the BDNF
gene and alcoholism.
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Figure 4   A hypothetical model for the role of amygdaloid brain-derived neurotrophic factor
(BDNF) in the regulation of activity-regulated cytoskeleton-associated protein
(Arc) and dendritic spine density in the comorbidity between innate anxiety 
and alcohol preference. Genetic factors may lead to innately low levels of
amygdaloid BDNF that result in reduced Arc and dendritic spine density and
which are associated with a predisposition to innate anxiety-like behaviors.
Acute ethanol exposure increases BDNF signaling and associated synaptic factors,
Arc, and dendritic spine density and results in a reduction of innate anxiety.
Taken together, innate anxiety and a reduction of this anxiety by acute ethanol
may be responsible for the development of alcoholism (Moonat et al. 2011).
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BDNF, Stress, and Alcoholism
Various researchers have explored the association of BDNF
with ethanol preference, the effects of ethanol exposure, and
dysphoric states associated with withdrawal from chronic
ethanol exposure. BDNF deficits may lead to an increased
preference for ethanol, because transgenic animals with
reduced BDNF expression have a higher ethanol preference
and conditioned place preference for ethanol compared with
wild-type control animals (Hensler et al. 2003; McGough et
al. 2004). Furthermore, ethanol exposure results in increased
BDNF expression in the dorsal striatum. This increase involved
a regulatory mechanism mediated by RACK1 because exoge-
nous increases in RACK1 led to increased BDNF expres-
sion, resulting in reduced ethanol consumption (McGough
et al. 2004). These findings suggest that BDNF in the dorsal
striatum helps regulate neuronal homeostasis and prevent
alcohol addiction (McGough et al. 2004). In addition,
endogenous BDNF signaling in the dorsolateral striatum
participates in the regulation of ethanol intake (Jeanblanc et
al. 2009). Because, as mentioned earlier, MeCP2 is involved
in the RACK1-mediated regulation of BDNF (He et al.
2010), future studies should determine whether chromatin
remodeling affects BDNF expression in the dorsal striatum
and, ultimately, ethanol’s effects and ethanol preference. 
Various studies have examined how BDNF impacts the
interaction between alcohol preference and anxiety. For
example, Pandey and colleagues (2006) reduced BDNF levels
in the extended amygdala by introducing small molecules
that can inhibit BDNF expression (i.e., antisense oligodeoxynu -
cleotides) into the CeA or MeA. This caused increased vol-
untary ethanol intake and anxiety-like behaviors. The low
BDNF levels resulted in reduced BDNF signaling, as evi-
denced by decreased levels of the phosphorylated forms of
CREB and another regulatory molecule (Pandey et al. 2006).
Both the effects on behavior and protein phosphorylation
were reversed when BDNF was introduced together with the
antisense oligonucleotides (Pandey et al. 2006). Additional
studies identified a subsequent step in the signaling cascade
induced by BDNF involving the Arc protein mentioned 
earlier. The findings suggested that the effects of reduced
amygdaloid BDNF expression on ethanol preference and
anxiety-like behaviors may be mediated by the downstream
regulation of Arc (Pandey et al. 2008b). These behavioral
changes were accompanied by a reduction in dendritic spine
density in the CeA. 
In an extension of these findings, investigators used an
animal model of genetic predisposition to alcoholism and
anxiety (i.e., selectively-bred alcohol-preferring [P] and 
nonpreferring [NP] rats) to study the role of BDNF in the
extended amygdala. The studies found that compared with
NP rats, P rats expressed lower levels of BDNF and Arc and
had lower dendritic spine density in the CeA and MeA and
that these characteristics were associated with high innate
anxiety-like behaviors (Moonat et al. 2011; Prakash et al.
2008). Furthermore, acute ethanol exposure had anxiolytic
effects that were associated with increased BDNF and Arc

levels as well as increased dendritic spine density in the CeA
and MeA in P rats, but not in NP rats (Moonat et al. 2011).
These findings were consistent with earlier findings in Sprague-
Dawley rats, which showed that increases in BDNF–Arc 
signaling and dendritic spine density in the extended amyg-
dala were associated with the anxiolytic effects of acute ethanol
(Pandey et al. 2008b). Withdrawal from chronic ethanol
exposure provoked anxiety-like behaviors, which resulted 
in reduced BDNF signaling in the CeA and MeA, whereas
BDNF infusion into the CeA normalized Arc levels and pre-
vented anxiety-like behaviors (Pandey et al. 2008b). Taken
together, these studies suggest that reduced BDNF–Arc 
signaling and synaptic plasticity contribute to both dyspho-
ria associated with a genetic vulnerability for anxiety and to
anxiety induced by environmental stressors, such as alcohol
withdrawal (see figures 3 and 4). 
Recent findings further suggest that the anxiolytic effects
of acute ethanol exposure are associated with reduced HDAC
activity and increased histone acetylation in the CeA and
MeA (Pandey et al. 2008a). Conversely, withdrawal-induced
anxiety following chronic ethanol treatment was linked with
increased HDAC activity levels and reduced histone acetyla-
tion in these amygdaloid brain regions (see figure 3). Systemic
administration of an agent that inhibits HDAC activity (i.e.,
trichostatin A) reduced the effects of withdrawal on histone
acetylation and anxiety-like behaviors (Pandey et al. 2008a).
Thus, treatment with HDAC inhibitors appears to have
similar effects on withdrawal-induced anxiety as BDNF, and
acute ethanol exposure may have similar effects on histone
acetylation and BDNF levels (Pandey et al. 2008a, 2008b).
Therefore, it may be important to study the potential regula-
tion of amygdaloid BDNF by chromatin remodeling and 
its role in dysphoria associated with the development of 
alcoholism. Similarly, it may be interesting to explore the
possibility that innate abnormalities in chromatin structure
may affect BDNF levels, resulting in innate anxiety-like
behaviors, such as those demonstrated by P rats, that may 
be critical to the development of alcoholism.

Conclusions

The studies reviewed here suggest that the reduction of BDNF
levels may play a role in the neuroadaptation to repetitive 
or chronic exposure to alcohol or stress and the development
of dysphoric states. Moreover, it appears that abnormalities
in BDNF signaling serve as predisposing factors to innate
dysphoric states that may associated with alcohol-drinking
behaviors, such as anxiety (see figure 4). It also is possible
that the environmental effects and genetic factors involved 
in an increased vulnerability to stress and alcoholism may 
be related to a common epigenetic mechanism that results 
in the dysregulation of BDNF signaling in various brain
regions. Future studies are necessary to further evaluate the
role of specific HDAC and DNMT variants that are involved
in the epigenetic regulation of BDNF or other genes associated
with synaptic plasticity during the development of pathological
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behaviors associated with stress and alcohol addiction. Finally,
the development and assessment of specific pharmacological
agents that act via epigenetic mechanisms, such as HDAC
and DNMT inhibitors, could have a significant psychother-
apeutic impact on the development of stress-related disorders
and the comorbidity with alcoholism.   ■
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The risk for alcohol dependence throughout development is determined by both
genetic and environmental factors. Genetic factors that are thought to modulate this
risk act on neurobiological pathways regulating reward, impulsivity, and stress
responses. For example, genetic variations in pathways using the brain signaling
molecule (i.e., neurotransmitter) dopamine, which likely mediate alcohol’s rewarding
effects, and in two hormonal systems involved in the stress response (i.e., the
hypothalamic–pituitary–adrenal axis and the corticotropin-releasing factor system)
affect alcoholism risk. This liability is modified further by exposure to environmental risk
factors, such as environmental stress and alcohol use itself, and the effects of these
factors may be enhanced in genetically vulnerable individuals. The transition from
alcohol use to dependence is the result of complex interactions of genes,
environment, and neurobiology, which fluctuate throughout development. Therefore,
the relevant genetic and environmental risk factors may differ during the different
stages of alcohol initiation, abuse, and dependence. The complex interaction of these
factors is yet to be fully elucidated, and translational studies, ranging from animal
studies to research in humans, and well-characterized longitudinal studies are
necessary to further understand the development of alcohol dependence.KEY WORDS:
Alcohol dependence; alcoholism; alcohol use and abuse; alcohol and other drug
use initiation; risk factors; genetic factors; environmental factors; stress; stress
response; neurobiology; biological development; brain; hypothalamic–
pituitary–adrenal axis; corticotropin-releasing factor system; animal studies;
human studies; literature review

The development of alcohol depen-dence is a complex process influenced
by both genetic and environmental

risk factors (Prescott and Kendler 1999).
The relative contributions of genetic
and environmental influences fluctuate
across development. During adolescence
the initiation of alcohol use is strongly
influenced by environmental factors
(Dick et al. 2007; Heath et al. 1997;
Karvonen 1995; Latendresse et al. 2008;
McGue et al. 2000), whereas the genetic
contribution to alcohol use at this stage
is nonspecific and increases the risk for
general externalizing behavior (Moffitt
1993; Moffitt et al. 2002). Specific
genetic factors increasingly become rel-
evant, however, as patterns of alcohol
use are established (Hopfer et al. 2003;
Pagan et al. 2006), particularly in mid-
adulthood when dependence tends to
emerge (Kendler et al. 2010; Schuckit

et al. 1995). Gene–environment inter-
actions also play a role because the
influence of certain genetic factors seems
to increase when a person is exposed to
relevant environmental risk factors (Uhart
and Wand 2009). Therefore, the devel-
opment of dependence can be concep-
tualized within a temporal framework
of genes, environment, and behavior.
The purpose of this review is to
explore, within this framework, the
contribution of some of the neurobio-
logical systems that are important for
the development of alcohol dependence.
One of these is the mesolimbic dopamin-
ergic system, which is involved in
inducing the rewarding effects of alcohol
and plays a central role in early alcohol
use. Another pathway that also has
been implicated in alcohol abuse, and
particularly in the transition to alcohol
dependence, involves two stress-response

systems, the hypothalamic–pituitary–
adrenal (HPA) axis and the extra-
hypothalamic corticotropin-releasing
factor (CRF) stress response system,
which mediate the interaction of psy-
chosocial stress and early alcohol use.
Both of these systems exemplify how
the effects of genes and environment
may be augmented during critical periods
of alcohol use and dependence across
the lifespan. For example, the dopamin-
ergic system undergoes developmental
transformations during adolescence that
are associated with increased reward
sensitivity and risk taking (Spear 2000),
which presents a window of vulnerabil-
ity for exposure to alcohol and stress.
Then, as alcohol use continues through
life, chronic exposure to alcohol can
enhance the activity of (i.e., upregulate)
the HPA and CRF systems. This dys-
regulation of the stress response systems



becomes a pathological feature of alcohol
dependence, perpetuating chronic
alcohol drinking based on an allostatic
shift1 of the CRF system (Koob 2010).
Moreover, the HPA, CRF, and dopamin-
ergic systems can influence early alcohol
drinking as a result of gene–environment
interactions. This article will summarize
the literature that has explored how
genetic variation within the dopamin-
ergic and stress response systems can
influence the risk of alcohol dependence
and how the exposure to relevant 
environmental risk factors and their
interaction with genetic variants may
influence alcoholism pathology. The
effects of genes and environment on
alcohol dependence will be discussed
in a developmental framework from
early childhood to adolescence as well
as in the context of the development 
of dependence, when drinking behavior
shifts from recreational use to dependence.

Role of Dopaminergic and
Stress Response Systems in
Alcohol Initiation and Early
Alcohol Use 

Environmental Factors and the
Dopaminergic System
Several environmental factors have
been shown to influence the initiation
of alcohol consumption and its use
during adolescence, including the level
and quality of parental monitoring,
peer-group influences, alcohol avail-
ability, and socioregional effects (Dick
et al. 2007; Heath et al. 1997; Karvonen
1995; Latendresse et al. 2008; McGue
et al. 2000). Thus, maternal and paternal
alcohol use has been positively corre-
lated with adolescent alcohol use at ages
14 and 17 (Latendresse et al. 2008).
Moreover, the level of urbanization was
found to correlate with alcohol use in
Finnish adolescents at ages 16 and 18
(Karvonen 1995), and peer-group drink-
ing behavior was one of the strongest
predictors of problematic drinking in 
a cohort of Spanish adolescents (Ariza
Cardenal and Nebot Adell 2000). 

Once alcohol use has been initiated,
neuronal networks are activated that
engage the brain circuits mediating the
rewarding effects of alcohol use (i.e.,
the reward neurocircuitry). This activa-
tion attributes salience to alcohol and
serves as an incentive for alcohol use 
to continue (Robinson and Berridge
1993). Neuronal networks that are
known to mediate these effects include
those using the signaling molecules
(i.e., neurotransmitters) glutamate and
g-aminobutyric acid (GABA) as well 
as the endogenous opioids (Gass and
Olive 2008; Malcolm 2003; Oswald
and Wand 2004). In addition, signal
transmission involving the neurotrans-
mitter dopamine in the mesolimbic
system (Di Chiara and Imperato 1988)
is particularly important for the estab-
lishment of regular alcohol consump-
tion because alcohol-induced dopamine
release is believed to contribute to the
rewarding effects of alcohol (for reviews
see, Soderpalm et al. 2009; Tupala and
Tiihonen 2004). The mesolimbic system
is a set of interconnected brain struc-
tures including the ventral tegmental
area (VTA), nucleus accumbens (NAc),
and components of the limbic system
(e.g., the amygdala). Studies in rats
found that alcohol consumption can
increase dopamine signaling in the
NAc (Weiss et al. 1996). Conversely,
dopaminergic neurotransmission is
decreased during withdrawal in the
NAc and VTA of rats treated chroni-
cally with ethanol (Diana et al. 1993).
Environmental risk factors during
early life and adolescence may interact
with the dopaminergic system to influ-
ence alcohol intake. Two such factors
are exposure to environmental stress
and alcohol consumption itself. The
developing adolescent brain undergoes
substantial changes in the strength with
which signals are transmitted between
neurons (i.e., in synaptic plasticity)
(Bava and Tapert 2010; Giedd 2003).
These changes include increased
dopaminergic inputs to the prefrontal
cortex that peak during adolescence
and decrease later in life (Kalsbeek et
al. 1988; Rosenberg and Lewis 1994).
Furthermore, dopamine levels in the

NAc also peak during adolescence,
before decreasing during subsequent
brain maturation (Philpot and Kirstein
2004). These neuronal alterations are
believed to promote sensation-seeking
and risk-taking behavior during adoles-
cence, which in turn increase the
propensity for alcohol initiation and
alcohol use (Spear 2000). Exposure to
alcohol and/or stress during early life
(i.e., from the prenatal period through
adolescence) has been shown to have
lasting consequences on the dopamine
system that have a significant impact
on the risk for alcohol abuse. 

The Effects of Early Alcohol Use 
on the Dopaminergic System
Studies in rats found that exposure 
to alcohol during the prenatal period
decreases the levels of two important
enzymes involved in regulating dopamine
activity—the dopamine transporter
and the dopamine hydroxylase enzyme—
in the VTA (Szot et al. 1999). More- 
over, rats chronically treated with
ethanol during adolescence displayed
persistently elevated baseline dopamine
levels in the NAc during adulthood,
even after a period of 15 days absti-
nence (Badanich et al. 2007). Finally,
repeated ethanol injections in preado-
lescent and adolescent rats increased
subsequent dopamine activity in the
NAc, with the largest increases observed
in preadolescence. Early ethanol expo-
sure in these rats decreased the ability
of subsequent ethanol injections to
elicit dopamine release from the NAc
(Philpot and Kirstein 2004). These
findings suggest that ethanol exposure
in early life may influence the response
to alcohol in later life. Indeed, addi-
tional studies have confirmed that both
pre- and postnatal exposure to alcohol
increase the sensitivity of rats to the
locomotor effects of alcohol and to an
agent that mimics dopamine’s effects
(i.e., a dopamine agonist), apomorphine
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1 The term allostasis refers to the process through which various
biological processes attempt to restore the body’s internal balance
(i.e., homeostasis) when an organism is threatened by various
types of stress in the internal or external environment. Allostatic
responses can involve alterations in HPA axis function, the nervous
system, various signaling molecules in the body, or other systems.



(Barbier et al. 2009). Therefore, at least
in rodents, early alcohol exposure
seems to confer lasting effects on neu-
ronal dopamine activity that can alter
behavioral responses to subsequent
alcohol exposure. Indeed, rats chronically
treated with ethanol both prenatally
and during adolescence also show an

increased preference for alcohol and
increased alcohol intake as adults (Barbier
et al. 2009; Pascual et al. 2009). Further -
more, stress-induced alcohol consump-
tion was associated with an earlier age
of drinking onset in Wistar rats (Fullgrabe
et al. 2007; Siegmund et al. 2005). 

Studies in humans have confirmed
the potential long-lasting impact of
early alcohol exposure, demonstrating
that an early initiation of alcohol use 
is associated with an increased risk of
later problems with alcohol. For exam-
ple, Hawkins and colleagues (1997)
noted that the earlier drinking is initi-
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The Extrahypothalamic Corticotropin-Releasing Factor System 
and the Transition to Alcohol Dependence

A s described in the main article,
corticotropin-releasing factor
(CRF) is a key component of

one of the body’s main stress response
systems, the hypothalamic–pituitary–
adrenal (HPA) axis. Moreover, acti-
vation of the HPA axis in response to
stressful situations as well as alcohol
ingestion plays an important role in
the development of alcohol depen-
dence. However, studies in rodents
and macaques have shown that
enhanced activity (i.e., upregulation)
of the CRF system in response to
chronic alcohol exposure in several
brain regions not immediately related
to the HPA system (e.g., the amyg-
dala) also is a key characteristic of
alcohol dependence. CRF is an anxiety-
inducing peptide, and rodent models
of motivation have demonstrated
that CRF, administered either directly
into the brain or under the skin,
induces conditioned place aversion
(Cador et al. 1992). In addition,
studies in mice found that transient
elevation of CRF levels in the fore-
brain during early development
increased anxiety in later life com-
pared with control animals (Kolber
et al. 2010). 
Studies of a rat strain bred for high
alcohol preference (i.e., the mSP rats)
found that the animals display an
increased behavioral sensitivity to stress
and a lowered threshold for stress-
induced reinstatement of alcohol-
seeking behavior (Hansson et al.
2006). Gene expression analyses

across different brain regions of the
mSP strain revealed a significantly
enhanced expression of a gene,
CRF1, which encodes one of the
CRF receptors. Additional gene
sequence analyses of the mSP rats
identified a DNA variation (i.e.,
polymorphism) in a regulatory region
(i.e., the promoter) of the CRF1
gene that is unique to the mSP rats,
suggesting that segregation of this
polymorphism may have occurred
during selection for the alcohol pref-
erence trait. However, alcohol con-
sumption reduced CRF1 levels in
the amygdala and the nucleus accum-
bens (NAc) in mSP rats, indicating
that the animals may consume alcohol
to reduce CRF activity in these
regions (Hansson et al. 2007). 
Studies in Rhesusmacaques also
have confirmed the link between 
the CRF system, stress, and alcohol
because a polymorphism (–248C/T)
in the promoter of the CRF gene
was associated with differential
behavioral and hormonal responses
to stress. Animals that carried the 
T allele DNA variant at this site dis-
played greater HPA axis responses to
separation stress and increased alcohol
intake if they were exposed to early-
life adversity in the form of peer rearing
(Barr et al. 2009). These findings
demonstrate that genetic variation 
in the CRF system associated with
increased sensitivity to stressors also
is correlated with increased alcohol
consumption in both rats and pri-

mates. Because alcohol consumption
is known to reduce the activity of 
the HPA axis, hyperactivity of this
system in animals carrying risk 
variants of the CRF gene likely is 
a motivating factor for alcohol con-
sumption in these animals, and this
effect is enhanced when the animals
are exposed to stressors. 
Animal studies also have demon-
strated that agents that block the
activity of the CRF1 receptor (i.e.,
CRF1 antagonists) may be suitable
for treatment of alcohol dependence
(Gehlert et al. 2007). Although animals
do not exhibit all aspects of alcohol
dependence found in humans, cer-
tain components of the disorder 
can be modeled in rodents. Thus,
researchers induced a “postdepen-
dent state” in rats by first subjecting
the animals to involuntary intermit-
tent exposure to alcohol vapor and
then allowing them 3 weeks of recov-
ery from the exposure (Sommer et al.
2008). After this recovery period, the
animals displayed increased CRF1
levels in the amygdala, comparable
to those observed in mSP rats at
baseline. In addition, the postdepen-
dent animals exhibited increased fear
suppression of behavior that per-
sisted for 3 months after cessation of
alcohol exposure, as well as increased
voluntary alcohol consumption. This
postdependent phenotype could be
reversed by a CRF1 antagonist, 3-
(4-chloro-2-morpholin-4-yl-thiazol-
5-yl)-8-(1-ethylpropyl)-2,6-dimethyl-
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ated in adolescence, the greater the lev-
els of alcohol misuse at ages 17 to 18.
Furthermore, people who begin drink-
ing at age 14 or younger are more
likely to become alcohol dependent
later in life (Grant and Dawson 1997).
Few studies have been conducted to
determine the precise mechanism by

which early alcohol exposure affects
the risk for subsequent alcohol abuse
and dependence. However, Pascual
and colleagues (2009) demonstrated
that in adolescent rats chronically treated
with ethanol, two neurotransmitter
receptors—dopamine receptor 2 (DRD2)
and glutamate receptor (NMDAR2B)—

show lower levels of a chemical modifi-
cation (i.e., phosphorylation) in the
prefrontal cortex compared with adults
chronically treated with ethanol. This
finding suggests that alcohol use dur-
ing adolescence causes neurobiological
changes to the dopamine system that
are not observed in adult animals.

imidazo[1,2-b]pyridazine (MTIP)
(Funk et al. 2006; Sommer et al.
2008), confirming the role of increased
CRF activity during alcohol depen-
dence. Other studies also demonstrated
that selective CRF1 antagonists
reduced alcohol self-administration
in alcohol-dependent animals but
had no effect in alcohol-naïve animals
(Funk et al. 2006, 2007). The expo-
sure to stress, which often triggers
relapse in abstaining alcoholics, also
reinstates alcohol-seeking behavior 
in postdependent animals. CRF1
antagonists can suppress this behavior
in animals (Le et al. 2000; Liu and
Weiss 2002; Marinelli et al. 2007),
further confirming their relevance 
as a potential pharmacotherapy for
alcohol dependence. Finally, CRF1
antagonists can block the anxiety-
like responses exhibited during with-
drawal from alcohol in animals
(Breese et al. 2005).
The potential of CRF1 antagonists
in the treatment of alcohol dependence
now also is being considered in humans.
CRF1 antagonists previously have
been assessed in the treatment of
depression and anxiety (Zobel et al.
2000) and Phase II/Phase III clinical
trials with these agents currently are
underway for the treatment of alcohol
use disorders (www.clinicaltrials.gov;
Zorrilla and Koob 2010). The results
of these trials may pave the way for
the clinical consideration of CRF1
antagonists for addictive disorders. 
If such compounds are efficacious in

humans, pharmacogenetic studies
may identify those patients who are
most amenable to CRF1 antagonist
treatment, especially among those
who are exposed to high levels of
lifetime stress. 
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The Effects of Environmental Stress
on the Dopaminergic System
Environmental stress is one of the
most pertinent risk factors for alcohol
dependence. The exposure to early-life
stress sensitizes animals to drugs of
abuse (Fahlke et al. 1994; Piazza et al.
1991; Shaham and Stewart 1994) and
also increases alcohol consumption in
later life (Fahlke et al. 2000). Alterations
in the dopaminergic mesolimbic system
that persist into adulthood are believed
to explain, at least in part, these behav-
ioral adaptations (for review, see
Rodrigues et al. 2011). For example,
studies in rats found that chronic
exposure to cold stress in adolescence
altered both basal and stress-evoked
release of dopamine and another neu-
rotransmitter, norepinephrine,2 in the
medial prefrontal cortex, NAc, and
striatum compared with stress-naïve
rats (Gresch et al. 1994). Other studies
in Sprague-Dawley rats demonstrated
that stress caused by separation from
the mother during the first 2 weeks 
of life blunted the animals’ dopamine
response to restraint stress in adult-
hood (Jahng et al. 2010). Although no
human studies analyzing the effect of
early-life stress and alcohol sensitization
exist, imaging studies using functional
magnetic resonance imaging (fMRI) to
analyze reward anticipation have found
that childhood adversity is associated
with blunted subjective responses to
reward-predicting cues as well as with
impaired reward-related learning and
motivation (Dillon et al. 2009). Such
findings demonstrate that early envi-
ronmental experiences can alter the
impact of a reward and that similar
effects can be observed across species. 
Other studies have evaluated the
effects of early-life stress on alcohol
consumption or alcohol dependence.
Such studies found that even exposure
to prenatal stress can have an impact
on later alcohol-related behaviors because
the offspring of mice that repeatedly
were restrained during the last 7 days
of gestation subsequently demonstrated
enhanced alcohol consumption—an
effect that has been linked to persis-

tently elevated dopaminergic and glu-
tamatergic neurotransmission in the
forebrain (Campbell et al. 2009). In
humans, retrospective studies examining
early-life experiences and alcohol con-
sumption found that childhood stressors
were associated with alcohol depen-
dence during adulthood (Ducci et al.
2009; Pilowsky et al. 2009). In a study
of the adult American population (i.e.,
the National Epidemiologic Survey 
on Alcohol and Related Conditions
[NESARC]), two or more stressful life
events in childhood significantly increased
the risk for alcohol dependence in adult- 
hood (Pilowsky et al. 2009). Further- 
more, early initiation of alcohol use in
human adolescents is associated with
exposure to traumatic life events and
symptoms of posttraumatic stress dis-
order (Wu et al. 2010).
Thus, exposure to stress and/or alcohol
consumption during early life may
influence dopaminergic neurotrans-
mission, with lasting adaptations into
adulthood and notable consequences
for subsequent alcohol use. However,
the impact on different individuals
varies, and a portion of this variability
can be attributed to genetic factors.
Indeed, studies of rats have shown that
exposure to chronic unpredictable stress
increases the levels of a dopamine-
metabolizing enzyme, tyrosine hydrox-
ylase (TH), in the VTA but that the
extent of this increase differs drastically
between different rat strains (Ortiz et
al. 1996). Additional research in Rhesus
macaques identified a variation (i.e.,
polymorphism) in the gene encoding
dopamine receptor 1 (DRD1)3 that
was associated with increased alcohol
consumption in animals exposed to
peer-rearing conditions compared with
maternally reared animals that carried
the same polymorphism (Newman et
al. 2009).
Studies in humans also have shown
that genetic factors mediate the effects
of stress and alcohol on the risk for
alcohol dependence. Schmid and col-
leagues (2009) analyzed 291 young
adults in the Mannheim Study of
Children at Risk for two polymorphisms
in the gene encoding the dopamine

transporter. The investigators found
that the age of first alcohol use and of
intensive alcohol consumption mediated
the association between these polymor-
phisms and early alcohol abuse and
dependence. Genetic variation in another
gene, KCNJ6, which is expressed in the
brain, mediates the effects of early-life
stress on alcohol abuse in adolescence.
It induces inhibition of neuronal sig-
naling at the level of the signal-receiving
(i.e., postsynaptic) dopaminergic neu-
rons (Kuzhikandathil et al. 1998).
Furthermore, the protein encoded by
the KCNJ6 gene, the membrane pota-
sium channel GIRK2, is co-expressed
in TH-positive cells of mice (Schein et
al. 1998). Individuals who carry a cer-
tain KCNJ6 variant and are exposed to
high levels of psychosocial stress in early
life display increased risky drinking
behavior in adolescence; moreover, the
same polymorphism is associated with
alcohol dependence in adults (Clarke
et al. 2011).
Genes in other neurobiological systems
also mediate the effects of early-life
stress on alcohol consumption, including
genes encoding the serotonin receptor
(Laucht et al. 2009) and the GABA
receptor subunit a-2 (GABRA2) (Enoch
et al. 2010). Another important gene 
is that encoding the m-opioid receptor
(OPRM1). It also moderates the effects
of stress and alcohol with implications
not only for alcohol use but also for
recovery from alcohol dependence.
Alcohol activates the m-opioid receptor
in the VTA, which causes inhibition of
GABAergic neurons; this in turn results
in disinhibition of dopaminergic neurons
and, thus, increased dopamine release
in the ventral striatum (Spanagel 2009).
In macaques, a certain polymorphism
in the OPRM1 gene (i.e., the C77G
polymorphism) predicts the degree of
distress upon exposure to maternal sep-
aration (Barr et al. 2008). In humans,
the equivalent polymorphism (i.e., the
A118G polymorphism) is associated
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2 norepinephrine also is known as noradrenaline.

3 The variation was located at the beginning of the gene, in a
DnA region that did not encode a part of the final protein (i.e., in
the 5′ untranslated region of the gene).
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with the quality of parent–child inter-
actions under conditions of poor par-
enting (Copeland et al. 2011). Finally,
in both macaques and humans the
same polymorphisms are associated
with subjective/behavioral responses 
to alcohol (Barr et al. 2007, 2008;
Ramchandani et al. 2010). The role 
of this polymorphism further has been
demonstrated in studies using a m-opioid
receptor antagonist, naltrexone, that
commonly is used to treat alcohol
dependence. In heavy drinkers, the
A118G polymorphism mediates the
effects of naltrexone on positive mood,
craving, and enjoyment from alcohol
(Ray and Hutchison 2004). Furthermore,
the presence or absence of the A118G
polymorphism can help predict which
individuals will benefit from naltrex-

one treatment for alcohol dependence
(Oslin et al. 2003). 
Taken together, the findings described
here indicate that early exposure to
alcohol and stress can increase the sub-
sequent risk for alcohol dependence, at
least in part because they induce changes
in the dopamine system. However,
these effects are moderated by genetic
factors in the dopamine pathways and
other neurobiological systems. 

Brain Stress Response 
Systems and the Development
of Alcohol Dependence

As indicated by the observations dis-
cussed in the preceding section, the
dopamine system is an important neuro- 

biological system mediating early alcohol
use. In addition, stress response systems
in the brain have been implicated in
alcohol initiation and in the escalation
of alcohol use from episodic use to
abuse and, ultimately, dependence.
Stress responses are crucial for survival
by allowing the organism to coordinate
appropriate behavioral adaptations to
adverse stimuli and are essential home-
ostatic processes. Central components
of the stress response include activation
of the HPA axis, increases in nore-
pinephrine turnover in a brain region,
the locus coeruleus, and activation of
CRF systems (Habib et al. 2001). CRF
acts through two pathways. First, it
acts as a signaling hormone inside 
the HPA axis, where it is released from
the paraventricular nucleus of the

The IMAGEN Study 

T he IMAGEN study (www.
imagen-europe.com) is the first
study aimed at identifying the

genetic and neurobiological basis of
individual variability in impulsivity,
reinforcer sensitivity, and emotional
reactivity, as well as determining their
predictive value for the development
of common psychiatric disorders. The
data collection of IMAGEN began
in 2007. Since then, the study has
collected comprehensive behavioral
and neuropsychological data, as well
as functional/structural neuroimaging
data for 2,000 14-year-old adolescents.
These data are complemented by
genome-wide association (GWA)
data on the study participants. These
genetic analyses target approximately
600,000 DNA markers distributed
across the genome, using the Illumina
Quad 660 chip.
Data from the first wave of 
IMAGEN became available in 2010
in an extensive database (Schumann
et al. 2010), and since then several
articles have been published on the
dataset, contributing toward a greater

understanding of the adolescent brain.
For example, Peters and colleagues
(2010) showed that adolescent smokers
display lower activation of the ventral
striatum during reward anticipation
compared to their nonsmoking peers.
Other studies identified gender-
dependent amygdala lateralization
during face processing and created
probabilistic maps of the face network
in the adolescent brain (Schneider et
al. 2010; Tahmasebi et al. 2010). 
The sample will be followed up at
age 16 to investigate the predictive
value of genetic factors and intermediate
phenotypes for the development of
mental disorders, such as alcohol
dependence. The full dataset from the
follow-up will be completed in 2012.
A second follow-up is planned to be
completed when the participants
reach age 18.
In conclusion, IMAGEN integrates
technological and methodological
advances in the field of cognitive
neuroscience as well as in the fields
of human and molecular genetics.
This comprehensive approach,

together with the large sample sizes,
will provide new insights into the
interplay between genes and environ-
ments that results in individual vari-
ability in brain structure, function,
and psychological traits. The complex
phenotypic and genotypic profiling
provided by IMAGEN will be vital 
in identifying biomarkers that aid in
earlier diagnosis and in the develop-
ments of treatments for psychiatric dis-
orders, including alcohol dependence.
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hypothalamus. It then is transported 
to the anterior pituitary, where it binds
to CRF receptors (CRF1 and CRF2),
thereby eliciting the release of adreno-
corticotrophic hormone (ACTH).
ACTH production ultimately results
in the release of stress hormones (i.e.,
glucocorticoids) from the adrenal glands.
The main glucocorticoid in humans is
cortisol. Second, CRF acts outside of
the hypothalamus (i.e., extrahypothala-
mically) because immunological tests
have detected its presence in the extended
amygdala and the brainstem (Swanson
et al. 1983). 
Studies have demonstrated that
exaggerated HPA axis responses to stress
can precede the onset of alcoholism.
Nondependent sons of alcoholic fathers
(who are at increased risk of alcoholism)
displayed increased cortisol and
ACTH responses to psychosocial stress
compared with people with no family
history of alcoholism (Uhart et al.
2006; Zimmermann et al. 2004a, b).
Furthermore, alcohol had a greater
attenuating effect on ACTH and a
related hormone (i.e., arginine vaso-
pressin [AVP]) in people with alcoholic

fathers, suggesting that alcohol may be
more rewarding for such individuals
(Zimmermann et al. 2004b). These
findings also indicate that interindividual
differences in HPA axis activity may
underlie some of the variation observed
in the vulnerability to alcohol dependence.
As alcohol dependence develops, the
stress response systems are upregulated,
and this hyperactivity may in fact be a
pathological component of dependence
(Koob 2008). It has been hypothesized
that as dependence develops, the moti-
vation for alcohol use shifts from posi-
tive reinforcement, whereby alcohol 
is consumed for its pleasurable effects,
to negative reinforcement—that is, the
drinker consumes alcohol to alleviate
the negative emotional effects encoun-
tered during withdrawal and into pro-
tracted abstinence (Koob and Le Moal
2008). The development of negative
emotional states has been proposed to
include the recruitment and subsequent
deregulation of various brain stress sys-
tem, including the HPA axis, extrahy-
pothalamic CRF, and various others4
(George et al. 2008; Koob 2008).
Genetic variation in genes encoding
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components of these stress response
systems therefore may be relevant for
the risk for alcohol dependence. 

Genetic Influences on Stress
Responding and Their Role in
Alcohol Dependence
The variability between individuals in
stress responding results at least partially
from inherited factors (Armbruster et
al. 2009; Linkowski et al. 1993; Meikle
et al. 1988) that also may influence the
risk of alcohol dependence. For exam-
ple, polymorphisms that affect only a
single DNA building block (i.e., single
nucleotide polymorphisms [SNPs]) in
the gene encoding CRF1 were associ-
ated with alcohol consumption and a
lifetime prevalence of drunkenness in
two independent samples (Treutlein et
al. 2006). One of those polymorphisms,
known as rs1876831, was found to
moderate the effects of stress on drink-
ing. Thus, adolescents at age 15 who
had experienced negative life events in
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Figure     Schematic depiction of the typical progression from alcohol use to alcohol dependence. Both genetic and environmental factors influence
each stage of disease progression. early-life experiences, including prenatal environments and early-life stressors, may affect the onset 
of alcohol use. in adolescence, heightened sensation seeking, resulting from an increase in cortical dopamine neurons, often results 
in experimentation with alcohol. in adulthood, alcohol use may occur to downregulate brain stress systems in individuals suffering from
alcohol dependence. Thus, early alcohol use is motivated by positive reinforcement, whereas later stages are driven by negative rein-
forcement, when alcohol is consumed to alleviate negative emotional states. 

4 Additional brain stress response systems involve the signaling
molecules norepinephrine, neuropeptide y, tachykinins, and
dynorphins.
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the past 3 years and who carried the
variant (i.e., allele) of rs1876831 that
was associated with increased risk of
drinking displayed increased alcohol
consumption per drinking occasion
and greater lifetime rates of heavy
drinking (Blomeyer et al. 2008). A
similar effect also was observed at age
19, when the risk allele was associated
with earlier age of onset of alcohol use
and higher alcohol consumption in
individuals exposed to stressful life
events (Schmid et al. 2010). Further -
more, a gene–environment interaction
was detected with a combination of
several gene variants (i.e., a haplotype)
in the CRF1 gene (which also contains
rs1876831) and childhood sexual abuse
in a large cohort of Australians recruited
for the Nicotine Genetics Project
(Saccone et al. 2007). Individuals who
had experienced childhood abuse but
carried a protective polymorphism of
the CRF1 gene had lower lifetime alcohol
consumption scores and rates of alcohol
dependence (Nelson et al. 2009).
Further genetic factors mediating the
association between the stress response
and alcohol consumption are found in
genes encoding the receptors to which
cortisol binds after it is released from
the adrenal gland when the HPA
becomes activated (Bjorntorp 2001).
Cortisol binds to glucocorticoid recep-
tors (GRs) that are made up of two
identical subunits (i.e., form homodi -
mers). These receptors interact with
certain DNA sequences, glucocorticoid
response elements (GREs), in the 
target genes, thereby activating those
genes as part of the stress response
(Gower 1993; Simons et al. 1992).
The GRs are encoded by a family of
genes known as nuclear member sub-
family 3 (NR3C) genes. 
Researchers have identified functional
polymorphisms in the genes encoding
two receptors, NR3C1 and NR3C2,
which are associated with differential
responses to stress (Wust et al. 2004).
For example, a SNP, N363S that
results in an altered receptor, protein
(i.e., a non-synonymous SNP) in NR3C1
is associated with increased glucocorti-
coid sensitivity (Huizenga et al. 1998)

as well as elevated levels of cortisol in
the saliva of healthy people in response
to psychosocial stress (Wust et al. 2004).
Moreover, a haplotype that includes
three SNPs and is located in a noncod-
ing region of the NR3C1 gene also is
associated with enhanced sensitivity to
glucocorticoids (Stevens et al. 2004).
Because chronic alcohol consumption
can increase HPA axis activity in ani-
mals and humans (Rivier 1996; Rivier
and Lee 1996; Waltman et al. 1994),
polymorphisms in genes encoding
components of the HPA axis may
increase the risk for alcohol abuse.
Indeed, a recent study of 26 SNPs
across the NR3C1 gene in 4,534 ado-
lescents identified several variants that
were associated with onset of drinking
and drunkenness by age 14, suggesting
that genetic variation in NR3C1 can
influence the risk of alcohol abuse in
adolescence (Desrivieres 2010). Likewise,
variants in the gene encoding the ACTH
precursor, promelanocortin (POMC),
have been associated with substance
abuse, including alcohol abuse (Zhang
et al. 2009). 
Genes encoding components of the
norepinephrine stress response system
also have been linked to variability in
the response to stress. Thus, polymor-
phisms in the ADRA2A gene, which
encodes adrenergic receptors that inhibit
norepinephrine release from the neuron,
are associated with certain aspects of
the stress response as determined by
measuring blood pressure and heart
rate (Finley et al. 2004). In addition,
variants in the ADRA2A gene are asso-
ciated with alcohol abuse phenotypes
in humans. For example, in a study
analyzing 23 SNPs in ADRA2A as 
well as in a gene SLC6A2 (which
encodes the norepinephrine transporter,
NET1) in association with adult alcohol
dependence identified two SNPs in
ADRA2A associated with a positive
family history of alcoholism and four
SNPs in SLC6A2 associated with adult
alcohol dependence (Clarke et al. 2010). 
All of these studies demonstrate that
genes that regulate stress responding
also influence the risk for alcohol depen -
dence. Thus, people who display

increased sensitivity to stress may con-
sume alcohol to dampen the exagger-
ated stress responses and therefore may
find alcohol more rewarding. These
people also may more readily experience
the negative emotional states associated
with withdrawal after chronic alcohol
exposure, which may accelerate the
transition to dependence. However,
the precise relationship between genes,
stress, and alcohol use is complex, and
gene–environment interactions are
notoriously difficult to elucidate (Flint
and Munafo 2008). Therefore, transla-
tional studies analyzing the effects of
genetic factors and stress and their
interactions under tightly controlled
experimental conditions using animal
models are warranted (Barr and
Goldman 2006). Indeed, the study of
the extrahypothalamic CRF system in
animals has helped to clearly delineate
the role of brain stress systems in the
pathology of alcoholism, and this sys-
tem is now a plausible target for future
alcoholism pharmacotherapies. (For
more information on these studies, see
the sidebar “The Extrahypothalamic
CRF System and the Transition to
Alcohol Dependence.”) 
Another confounding issue for the
study of gene–environment interactions
is that many studies are conducted ret-
rospectively, and the participants’ recall
of environmental risk factors may not
be accurate. Therefore, prospective
longitudinal studies are of great impor-
tance to advance the field of gene–
environment interactions in alcohol
dependence. One study that illustrates
how such methodological issues can 
be addressed is the IMAGEN study, a
longitudinal initiative funded by the
Framework 6 program of the European
Commission and the Medical Research
Council that tracks the interplay
between genetic polymorphisms and
environmental stressors from early ado-
lescence onward. The study collects
neuropsychological, behavioral, and
functional/structural neuroimaging
data and also conducts genetic analyses
on a sample of 2,000 adolescents from
age 14 onward. (For more information
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on this study, see the sidebar “The
IMAGEN Study.”)

Conclusion and Future
Perspectives

Dopaminergic and stress response
pathways jointly are engaged upon the
commencement of alcohol consump-
tion. Genetic polymorphisms within
these pathways may affect the risk of
developing alcohol dependence. The
effects of exposure to environmental
stressors that increase the risk of devel-
oping alcohol dependence may be 
augmented in genetically vulnerable
individuals. In some cases, these
genetic variants may vary the impact
that a particular stressor has within a
specific time window (see the figure).
To elucidate the role of alcohol usage
as a consequence of environmental
stressors, and as an environmental
stressor in itself, longitudinal studies 
of the interplay between genes and
environments are needed. 
The IMAGEN study is an ongoing
longitudinal study that attempts to
address the role of genes and the envi-
ronment in alcohol use. The extensive
phenotypic database available from this
study will allow researchers to test the
hypothesis that overactivity of the brain’s
stress systems, resulting from child-
hood maltreatment and neglect, may
affect brain development and ulti-
mately behaviors such as alcohol use.
Alcohol use patterns of the IMAGEN
participants are recorded to investigate
the long-term effects of early intoxica-
tion on cognitive development and
behavior. Finally, genetic analyses
investigating the association of genetic
markers distributed across the genome
with specific traits or behaviors (i.e.,
genomewide association data) are avail-
able for each participant and may
demonstrate the relationship between
genes of the stress response system and
intermediate phenotypes (Schumann
et al. 2010).
Longitudinal gene–neuroimaging
studies, such as the IMAGEN study,
aim to clarify the role of the HPA axis

and supplementary stress systems in
the development and maintenance of
alcohol dependence. Such studies will
elucidate how alcohol use fluctuates
throughout development under the
influence of genetic and environmental
factors. A better understanding of
these factors will promote novel thera-
pies for alcohol dependence as well as
approaches to prevent the disorder.  ■
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Stress has long been suggested to be an important correlate of uncontrolled drinking
and relapse. An important hormonal response system to stress—the
hypothalamic–pituitary–adrenal (HPA) axis—may be involved in this process,
particularly stress hormones known as glucocorticoids and primarily cortisol. The
actions of this hormone system normally are tightly regulated to ensure that the body
can respond quickly to stressful events and return to a normal state just as rapidly. The
main determinants of HPA axis activity are genetic background, early-life environment,
and current life stress. Alterations in HPA axis regulation are associated with
problematic alcohol use and dependence; however, the nature of this dysregulation
appears to vary with respect to stage of alcohol dependence. Much of this research
has focused specifically on the role of cortisol in the risk for, development of, and
relapse to chronic alcohol use. These studies found that cortisol can interact with the
brain’s reward system, which may contribute to alcohol’s reinforcing effects. Cortisol
also can influence a person’s cognitive processes, promoting habit-based learning,
which may contribute to habit formation and risk of relapse. Finally, cortisol levels
during abstinence may be useful clinical indicators of relapse vulnerability in alcohol-
dependent people. Key WoRDS: Alcohol dependence; problematic alcohol use;
alcohol use disorders; alcohol abstinence; relapse; stress; stress response; stress
hormones; hypothalamic–pituitary–adrenal axis; glucocorticoids; cortisol; brain
reward pathway 

Stress, generally defined as any
stimulus that disrupts the body’s
internal balance (i.e., physiological

homeostasis), has long been suggested
to be an important correlate of uncon-
trolled alcohol consumption or relapse
to drinking following a period of absti-
nence. Large epidemiological studies
have reported that a variety of stressors
are associated with increased alcohol
consumption and binge drinking. These
include hazardous and demanding work
environments, legal stress, family stress
(e.g., unhappy marriage and divorce),
and low income (Richman et al. 1996;
Rospenda et al. 2000; San Jose et al.
2000; Vasse et al. 1998). Likewise, the
Health and Retirement Study found an
association between stress from retirement
and divorce and increased alcohol intake
(Perreira and Sloan 2001). Studies also
have shown that people experiencing
more severe or highly threatening social

stress following alcoholism treatment
have higher rates of relapse compared
with people not experiencing such stress
(Brown et al. 1990; Noone et al. 1999).
On the other hand, prospective and
human laboratory studies exploring 
the relationship between stress, alcohol
craving, and relapse have found mixed
results, with more recent research sug-
gesting that several factors moderate the
effects of stress on alcohol consumption
(e.g., Breese et al. 2011; Brennan et al.
1999; Fox et al. 2008; Helzer et al. 2006;
Sinha 2007; Sinha and Li 2007; Thomas
et al. 2011). 
It remains uncertain how stress, per

se, might influence vulnerability to
alcohol use disorders (AUDs). However,
production of the stress hormone corti-
sol, which is triggered by stress-induced
activation of a hormonal system known
as the hypothalamic–pituitary–adrenal
(HPA) axis, is thought to be involved.

The HPA axis is one of the main stress
response pathways and has been studied
extensively in relation to alcohol use
(Wand 2008). Over 20 years of research
has demonstrated that altered HPA axis
regulation is associated with problematic
alcohol use and dependence and that
the nature of this dysregulation varies
with respect to the stages of progression
toward alcohol dependence. The finding
that HPA axis dysregulation and alcohol
misuse tend to co-vary has implied a
“guilt-by-association” relationship—
that is, that abnormal variations in stress-
related cortisol production are a risk
factor for developing alcoholism in the
first place (Wand et al. 1993). A recent
review of studies on youth and adoles-
cents similarly suggests that HPA axis
dysfunction and exposure to stress are
critical components that interact to
convey risk for developing AUDs (Schepis
et al. 2011).



As with mood and affective disorders,
many researchers consider alterations in
HPA axis function crucial for under- 
standing the underlying brain mecha-
nisms of substance use disorders. In
contrast to mood and affective disorders,
however, alcohol dependence has a
biphasic effect on HPA axis dynamics
as a person traverses through the various
phases of heavy hazardous drinking,
including dependent drinking, with-
drawal, abstinence, and relapse. Generally
speaking, these developmental stages
seem to be mirrored by a shift between
hyper- and hyporesponsiveness of the
HPA axis to stressful events (Rose et al.
2010). For example, hyperresponsive-
ness has been identified in people with
a family history of alcoholism (Uhart
et al. 2006; Zimmermann et al. 2004a,b),
a population that is at increased risk
for alcohol dependence (Windle 1997).
This observation raises the question
whether heightened stress responsivity
is clinically meaningful to the develop-
ment of alcoholism. This view is sup-
ported by studies showing that cortisol
responsivity correlates with the activity
of a brain system, the mesolimbic
dopaminergic pathway, which is a 
central neural reward pathway (Oswald
et al 2005; Wand et al. 2007). With
transition to alcohol dependence, com-
pensatory allostatic mechanisms result
in injury to HPA axis function and 
elevation of stress peptide levels (e.g.,
corticotropin-releasing factor [CRF])
in brain regions outside the hypothala-
mus. The term allostasis refers to the
process through which various biological
processes attempt to restore homeostasis
when an organism is threatened by
various types of stress in the internal or
external environment. Allostatic responses
can involve alterations in HPA axis
function, the nervous system, various
signaling molecules in the body, or
other systems. Allostatic alterations in
HPA axis function have been posited
to, among other things, injure brain
reward pathways, contribute to depressed
mood (i.e., dysphoria) and craving,
and further contribute to the mainte-
nance of problem drinking behavior.

This article provides an overview of
the clinical evidence for HPA axis and
glucocorticoid dysfunction across the
developmental phases of alcoholism
and explores whether this dysfunction
is causally related to, or a consequence
of, alcohol dependence. The article
describes behavioral and physiological
pathogenesis resulting from dysregula-
tion of basal and reactive HPA axis
activity. This discussion primarily focuses
on human studies and studies that
specifically address the glucocorticoid
activation component of the stress
response. The article also discusses
whether these findings have potential
predictive value and whether altered
glucocorticoid function, regardless of
etiology, may serve as a useful clinical
marker for the progression of alcohol
dependence and treatment prognosis.
The review will not address the impor-
tant role that extrahypothalamic CRF
pathways play in mediating the rela-
tionship of stress and reward dysfunc-
tion (for a review of this issue, see
Koob 2010).

Physiology of the HPA Axis

The body responds to stress with self-
regulating, allostatic processes aimed at
returning critical systems to a set point
within a narrow range of operation that
ensures survival. These self-regulating
processes include multiple behavioral
and physiological components. Perhaps
the best-studied component of the
stress response in humans and mammals
is activation of the HPA axis (see figure
1). Neurons in the paraventricular
nucleus (PVN) of the hypothalamus
release two neurohormones—CRF and
arginine vasopressin (AVP)—into the
blood vessels connecting the hypotha-
lamus and the pituitary gland (i.e.,
hypophysial portal blood). Both hor-
mones stimulate the anterior pituitary
gland to produce and secrete adreno-
corticotropic hormone (ACTH) into
the general circulation. The ACTH, 
in turn, induces glucocorticoid synthe-
sis and release from the adrenal glands,
which are located atop the kidneys.

The main glucocorticoid in humans 
is cortisol; the main glucocorticoid in
rodents, which frequently are used as
model systems to investigate the rela-
tionship between stress and alcohol
use, is corticosterone. Hypothalamic
activation of the HPA axis is modulated
by a variety of brain signaling (i.e.,
neurotransmitter) systems. Some of
these systems have inhibitory effects
(e.g., g-aminobutyric acid [GABA] and
opioids), whereas others have excitatory
effects (e.g., norepinephrine and sero-
tonin) on the PVN. Thus, the central
nervous system (CNS) and the hormone
(i.e., endocrine) system are tightly
interconnected to coordinate glucocor-
ticoid activity.
To protect against prolonged activity,

the HPA system is carefully modulated
through negative-feedback loops designed
to maintain predetermined hormone
levels (i.e., set points) and homeostasis.
To this end, secretion of CRF, AVP,
and ACTH in part are controlled by
sensitive negative feedback exerted by
cortisol at the level of the anterior pitu-
itary gland, PVN, and hippocampus.
There are two types of receptors for
cortisol—mineralocorticoid (type-I) and
glucocorticoid (type-II) receptors—
both of which participate in the negative-
feedback mechanisms. Cortisol binds
more strongly (i.e., has higher binding
affinity) for the mineralocorticoid
receptors (MRs)1 than the glucocorti-
coid receptors (GRs). Because of this
difference in binding affinity, the MRs
help maintain the relatively low cortisol
levels circulating in the blood during
the normal daily (i.e., circadian) rhythm.
Only when the cortisol concentration
is high (e.g., during a stressful situation)
does it bind to the GRs with lower
affinity; the resulting activation of the
GRs terminates the stress response.
This delicate negative feedback control
mechanism maintains the secretion of
ACTH and cortisol within a relatively
narrow bandwidth. This is an extremely
important homeostatic mechanism
because too much or too little exposure
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1Cortisol has similar affinity to the MR as does the mineralocorti-
coid aldosterone, which helps regulate kidney function.



470 Alcohol Research: C u r r e n t  R e v i e w s

Figure 1 The major components of the stress response mediated by the hypothalamic–pituitary–adrenal (HPA) axis. Both alcohol and stress can
induce nerve cells in one brain region (i.e., the hypothalamus) to produce and release corticotropin-releasing factor (CRF). Within the
hypothalamus, CRF stimulates the release of a hormone that produces morphine-like effects (i.e., b-endorphin). CRF also is transported 
to a key endocrine gland, the anterior pituitary gland. There, CRF stimulates production of a protein proopiomelano cortin (POMC). POMC
serves as the basis for a number of stress-related hormones, including adrenocorticotropic hormone (ACTH), b-lipotropin (b-LPH), and b-
endorphin. ACTH stimulates cells of the adrenal glands to produce and release the stress hormone cortisol. When cortisol levels reach a
certain level, CRF and ACTH release diminishes. Other neurons releasing serotonin (5-HT), norepin ephrine (NE), g-aminobutyric acid
(GABA), or endogenous opioids also regulate CRH release.

NOTE: = excites; = inhibits. 
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to cortisol can have adverse consequences
to health and well being.
Growing evidence suggests that a

protein, FK506 binding protein 5
(FKBP5), regulates GR sensitivity.
Binding of this protein to the GR reduces
the receptor’s affinity for cortisol and
its movement (i.e., translocation) to
the nucleus. A genetic variation in
FKBP5 is associated with enhanced
expression of the protein following 
GR activation. This leads to more GR
resistance, diminished negative feed-
back, and prolonged stress hormone
activation following a stressor (Binder
et al. 2004; Wochnik et al. 2005). 

Physiological Actions 
of Glucocorticoids
Glucocorticoids are a class of steroid
hormones that are essential for the
organism to survive. Cortisol, the main
glucocorticoid in humans, has been
placed in this class because of its effects
on the metabolism of the sugar glucose,
where its primary function is to increase
blood glucose levels by inducing pro-
duction of additional glucose molecules
(i.e., gluconeogenesis). Cortisol also
modifies fat and protein metabolism 
to support the nutrient requirements
of the CNS during stress. However,
cortisol also has many other wide-ranging
effects when it binds to GRs. For exam-
ple, it influences cardiovascular function,
immunologic status (i.e., inflammatory
reactions), arousal, and learning and
memory; all of these systems therefore
are affected when the HPA axis is 
activated in response to stress.2 Thus,
cortisol helps maintain or can increase
blood pressure by increasing the sensi-
tivity of the blood vessels to signaling
molecules, catecholamines. In the
absence of cortisol, widening of the blood
vessels (i.e., vasodilation) and hypoten-
sion occurs. The anti-inflammatory
effects of cortisol are brought about 
by reducing proinflammatory cytokine
and histamine secretion and stabilizing
the membranes of cell components,
lysosomes. 
One of the most important actions

of cortisol in the context of alcohol use

and the stress response is its role in
modifying learning and memory. Both
stress and exposure to cortisol can 
transiently block memory retrieval
(van Stegeren 2009), with retrieval 
of emotional memory more strongly
affected than that of neutral memory.
Of interest, both cortisol and stress
also enhance memory consolidation;
this process generally favors consolidation
of emotionally arousing information,
facilitating habit-based learning.
Consistent with the multiple-systems
theory to memory organization in the
mammalian CNS, studies have identified
unique roles for various brain regions
in learning and memory. For example,
“cognitive” learning and memory is
associated with activation of brain 
circuits in the hippocampus, whereas
“habit” learning and memory is associ-
ated with activation of the dorsal striatum
and the basolateral amygdala (BLA). 
In addition, nerve fibers projecting
from the BLA modulate memory 
processes occurring in other brain struc-
tures. The implications of the fact that
cortisol selectively affects emotionally
charged memory and habit learning
are discussed below.

Determinants of HPA Axis Activity
and Cortisol Exposure
Correct regulation of cortisol levels is
necessary for survival, and too little or
too much cortisol exposure can result
in serious harm. Therefore, both basal
and stress-induced cortisol levels are
maintained carefully. A healthy stress
response is characterized by a quick rise
in cortisol levels, followed by a rapid
decline with the termination of the
stressful event. When the organism is
burdened by cumulative stress, however,
the cortisol burden increases. This results
in wear and tear on the organism from
excessive exposure to the catabolic
properties of glucocorticoids, stress
peptides, and proinflammatory cytokines.
This burden taxes the organism and

can influence the development
of neuropsychiatric and metabolic
disorders. It therefore is essential to
understand the systems that regulate
cortisol production. 
Three main determinants of HPA

axis activity control the amount of 
cortisol a person is exposed to during
adulthood: genetic background, early-
life environment, and current life stress.
In addition, studies found that post-
traumatic stress disorder (PTSD) can
contribute to HPA axis disturbances.

Genetic Factors. Differences among
individuals in cortisol responses to
stress result from a complex interplay
between genetic and environmental
factors. The genetic contribution to
the variability in HPA axis reactivity
is believed to arise from DNA variations
(i.e., polymorphisms) in the genes
encoding neurotransmitters involved
in HPA axis regulation. Overall,
heritable influences account for approxi -
mately 62 percent of the etiological
variance in basal gluco corticoid 
levels (Bartels et al. 2003). Recent
candidate gene association studies
using laboratory-based stress procedures
also have implicated multiple gene
variants in explaining some of the
variance in cortisol responses to stress,
including polymorphisms in the
following genes: 

• Nr3c1, which encodes a glucocorti-
coid receptor protein (Wust et al.
2004);

• Nr3c2, which encodes a mineralo-
corticoid receptor protein (DeRijk
et al. 2006); 

• FKBP5 (Ising et al. 2008);

• CRFR1, which encodes the CRF
receptor 1 protein (Clarke and
Schumann 2009);

• CRF-BP, which encodes CRF bind-
ing protein (Wang et al. 2007); 

2 Certain tissues, however, need to be protected from cortisol,
such as the kidneys, colon, and placenta. In these tissues, an
enzyme ,11-b hydroxysteroid dehydrogenase type II, mediates the
conversion of glucocorticoids to 11-dehydro metabolites, which
are inactive.



• GABRA6, which encodes the
GABA receptor subunit alpha-6
protein (Uhart et al. 2004);

• OPRM1, which encodes the mu
opioid receptor protein (Chong et
al. 2006); and

• SLC6A4, which encodes a serotonin
transporter protein (Way and Taylor
2010). 

It is certain that additional genes 
and polymorphisms will be identified
in the future. 

Early-Life Environment. Pre- and
postnatal processes contribute to the
lifelong responsiveness of the HPA
axis to stressors. In animal models,
prenatal ethanol exposure is associated
with impaired HPA axis responsivity
in adulthood (Hellemans et al. 2010;
Weinberg et al. 2008), and emerging
evidence suggests that these effects
also occur in human infants and
toddlers (Haley et al. 2006; Ouellet-
Morin et al. 2010). Maternal stress
during gestation also modifies HPA
axis responsivity of infant and adult
offspring (see Charil et al. 2010;
Harris and Seckl 2010 for reviews).
More recently, studies have focused
on the consequences of early-childhood
events on the stress response. Childhood
trauma is a significant problem in the
United States and is associated with
mental and physical health problems
in adulthood as well as with alterations
in HPA axis function (Heim et al.
2009, 2010; Dong et al. 2004; Mangold
et al. 2010). For example, it has been
hypothesized that exposure to sexual
and physical abuse in childhood during
critical periods of brain development
(i.e., during periods of neural plasticity)
may permanently alter stress responsivity
(Gillespie et al. 2009; Heim and
Nemeroff 2001; Heim et al. 2001).
Animal models that have studied this
phenomenon have shown that certain
forms of neonatal stress results in a
modification (i.e., epigenetic methy- 
lation) of the glucocorticoid gene 
that has long-lasting effects on gluco -

corticoid responsivity (Weaver 2009).
This alteration in stress responsivity
may explain the observation that
childhood adversity is a risk factor 
for the development of alcohol and
other drug abuse (Epstein et al. 1998)
as well as anxiety and depressive
disorders in adulthood (Kessler et al.
1997; Safren et al. 2002). 
Glucocorticoids also can alter the

methylation patterns of other genes.
For example, glucocorticoid adminis-
tration to adolescent mice reduces
methylation of the FKBP5 gene in the
hippocampus, hypothalamus, and blood,
which is associated with enhanced
expression of FKBP5 and increased
anxiety-like behavior (Lee et al. 2010).
The investigators proposed that in
addition to altering behaviors, methy-
lation of the gene may be a marker 
of cortisol burden. Polymorphisms in
FKBP5 also have been associated with
psychiatric disorders, such as depres-
sion and PTSD, that are characterized
by alterations in HPA dynamics (Binder
et al. 2004; Yehuda et al. 2009).
An emerging literature also addresses

the role of early-childhood adversity on
the development of AUDs (for a review,
see Enoch 2010). For example, Schmid
and colleagues (2010) found an inter-
action between stressful early-life events
and a variant in the CRFR1 gene that
influenced age of drinking initiation
and drinking progression in a popula-
tion of 19-year-olds. Other studies
demonstrated that certain variants of
the CRFR1 gene influenced cortisol
responses to CRF and the synthetic
glucocorticoid dexamethasone (Binder
et al. 2010; Tyrka et al. 2009) and
were associated with binge drinking in
adolescents and total lifetime alcohol
consumption in adults (Clarke and
Schumann 2009; Hansson et al. 2006;
Pastor et al. 2008; Treutlein et al. 2006).
Thus, it seems that an interaction
between the CRFR1 gene and early-life
events can modify HPA axis dynamics
and risk for AUDs. It is certain that
other stress gene variants also will be
found to interact with environmental
factors to increase the risk of AUDs.

Current Stress. Independent of
prenatal and childhood stressors,
periods of severe, chronic stress in
adulthood, such as family- and work-
related problems, combat exposure,
neighborhood violence, chronic illness,
or the development of neuropsychiatric
disorders, alter HPA axis dynamics
and increase the cortisol burden.
Chronic stress triggers an allostatic
shift in the normal circadian rhythm
of cortisol release as well as in stress-
induced cortisol levels. Thus, after
chronic stress baseline cortisol levels
are elevated, the body’s cortisol
response to acute stress is blunted,
and it takes longer for stress-induced
cortisol levels to return to pre-stress
levels (e.g., Juster et al. 2010; McEwen
2000; Wingenfeld et al. 2009). This
allostatic injury makes the HPA axis
more sensitive, resulting in higher
cortisol exposure or greater cortisol
burden following each stressful episode
(McEwen and Gianaros 2010). 

PTSD Symptomatology. A fourth
potential determinant of HPA axis
activity is the presence of PTSD
symptoms. The HPA axis has been
the main focus of neuroendocrine
research in PTSD. In a meta-analysis
of 37 studies involving people with
PTSD, Meewisse and colleagues
(2007) examined cortisol levels in
people with PTSD and control
subjects. These analyses found no
differences in basal cortisol levels
between the two groups; however,
differences did exist under certain
conditions or among certain subgroups
of subjects. For example, people with
PTSD had lower afternoon levels of
cortisol than did control subjects, and
women with PTSD had significantly
lower cortisol levels than women
without PTSD. The specific type of
trauma experienced by a person also
mattered. Thus, only people who had
experienced physical or sexual abuse
had significantly lower cortisol levels
than control subjects. These findings
highlight the complexity of the relation -
ship between HPA axis activity and
PTSD pathophysiology.
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People with AUDs have a high
prevalence of PTSD (Kessler et al.
1997); conversely, women with PTSD
were 3.5 times more likely to develop
alcoholism than women who did not
report past trauma (Sartor et al. 2010).
It is difficult to define whether the
alterations in the HPA axis seen in people
with PTSD by themselves modulate
risk for alcoholism because, as discussed
above, a history of childhood trauma
also increases risk for developing PTSD
as well as alcoholism (Binder et al.
2008; Epstein et al. 1998). Therefore,
it is possible that exposure to trauma in
early childhood may confer the initial
insult to HPA axis regulation that later
influences the interaction between
PTSD and alcohol use (Yehuda et al.
2010). This view is consistent with the
finding that people with a flattened
cortisol response following trauma 
had a higher risk of developing PTSD
symptoms than did those with normal
cortisol levels (e.g., Aardal-Eriksson et
al. 2001; Anisman et al. 2001). It remains
unclear, however, whether the lower
levels of circulating cortisol preceded
the traumatic event (Yehuda et al. 2010).
Regardless of whether an underlying

HPA axis dysregulation precedes PTSD
symptomatology, evidence suggests that
dysregulation occurs through increased
sensitivity of the negative feedback
mechanisms regulating the HPA axis,
resulting in lower circulating cortisol
levels. Yehuda and coworkers (2009)
examined the expression of all genes
active in whole-blood samples as well
as cortisol levels in people with and
without PSTD. This analysis identified
17 genes whose expression differed
between people with and without PTSD.
Several of the uniquely expressed genes
are involved in HPA axis function. 
For example, the FKBP5 gene, which
serves as a modulator of GR sensitivity,
showed reduced expression in people
with PTSD, consistent with enhanced
GR responsiveness. Moreover, statistical
analyses found that FKBP5 expression
was predicted by cortisol levels when
PTSD severity also was taken into 
consideration (Yehuda et al. 2009). 
Of interest, this profile of HPA axis

dysregulation is distinct from that seen
with other psychiatric disorders, such
as depression (Handwerger 2009).
Taken together, it seems likely that
dysregulation of the HPA axis associ-
ated with PTSD interacts with epige-
netic and environmental influences
(Yehuda et al. 2010) and that this
interaction translates into increased
risk for the development of AUDs.

The HPA Axis and Alcoholism

HPA Axis Dynamics in People 
at Risk for AUDs
Altered HPA axis responsivity may be
present before alcohol exerts its toxic
effects on the CNS and may contribute
to initial vulnerability to alcoholism.
This vulnerability risk likely is a result
of gene–environment interaction (Clarke
et al. 2008; Schepis et al. 2011). The
current state of knowledge stems from
an early and large body of research sug-
gesting that people who have alcoholic
family members (i.e., who are family-
history positive [FHP] for alcoholism)
may be more likely to develop the 
disorder than those with no such fam-
ily history (i.e., who are family-history
negative [FHN] for alcoholism) (Windle
1997). This risk seems to be linked to
abnormal HPA activity (e.g., Dai et al.
2002; King et al. 2002; Sorocco et al.
2006; Uhart et al. 2006; Wand et al.
1998, 1999a,b), although the relation-
ships appear complex. Laboratory find-
ings have been mixed and may depend
on several factors, such as which type
of stressor is used, whether basal or
reactive HPA response is measured, and
how cortisol is stimulated. The first
studies comparing HPA axis responsivity
in FHP and FHN people assessed 
cortisol levels in response to an agent
that can block the opioid receptors
(i.e., the opioid receptor antagonist,
naloxone). These studies identified
stronger cortisol responses to naloxone
in FHP subjects than in FHN subjects
(Wand et al. 1998, 1999a,b, 2001).
These findings were replicated using
another opioid receptor antagonist,

naltrexone (King et al. 2002). These
observations are particularly interesting
because they implicate the endogenous
opioid system in the interaction between
HPA axis activity and alcoholism risk.
This signaling system not only modulates
the HPA axis but also is a pharmaco-
logical target for the treatment of 
alcohol dependence. Other studies
using a psychosocial stressor rather
than a pharmacologic stimulator such
as naloxone also found a stronger HPA
response in FHP than in FHN sub-
jects (Uhart et al. 2006; Zimmermann
et al. 2004a,b). More recent studies
among infants and toddlers with prenatal
alcohol exposure who also are believed
to be at increased risk for alcoholism
have corroborated these latter findings
in male but not female children (Haley
et al. 2006; Ouellet-Morin et al. 2010).
Other studies, however, found blunted
HPA axis function in FHP individuals
(e.g., Dai et al. 2002; Sorocco et al. 2006). 

HPA Axis Dynamics During
Intoxication and Withdrawal
As with stress, acute alcohol consumption
also directly and indirectly activates the
HPA axis by resulting in elevated levels
of glucocorticoids (Richardson et al.
2008). In fact, alcohol and other drugs
of abuse have been described as a phys-
iological stressor because they can acti-
vate the HPA axis. In social drinkers,
acute doses of alcohol usually increase
cortisol levels, particularly if blood
alcohol levels exceed 100 mg percent
(Waltman et al. 1993). At some point
during the transition from social
drinking to alcohol dependence and
abstinence, however, the HPA axis
becomes dysregulated. For example,
King and colleagues (2006) found that
cortisol reactivity to acute alcohol
administration is attenuated in heavy,
hazardous drinkers compared with
light, social drinkers. This observation
may be related to the general process of
tolerance that emerges during heavy
hazardous drinking. It is important 
to note that the subjects in this study
were binge drinkers—which reflects a
pattern of drinking frequently associ-
ated with adverse consequences—but



were not alcohol dependent, suggesting
that alterations in the HPA axis may
begin even before dependence develops.
The onset of alcohol dependence,

however, is accompanied by bouts of
elevated cortisol levels in the blood
(i.e., hypercortisolism) as the drinker
cycles though repeated episodes of
alcohol intoxication and the stress of
withdrawal (Adinoff et al. 1998; Wand
and Dobs 1991). This transition to
alcohol dependence is accompanied 
by an allostatic shift in HPA axis func-
tioning, resulting in abnormally low
cortisol responsivity (Koob and Le Moal
2001). Under conditions of alcohol
dependence, the allostatic load—a
hypothetical measure of cumulative
stress—increases and burdens the
organism with excessive exposure to
stress hormones and peptides as well as
pro-inflammatory cytokines (McEwen
2007). Increased allostatic load has been
implicated not only in AUDs and other
drug use disorders but also in the devel -
opment psychiatric disorders (e.g.,
depression), metabolic syndrome, and
systemic hypertension. In the context
of drug use, allostatic load not only
impacts the stress response via the HPA
axis but also encompasses a state of
reward dysregulation. At this point, 
the organism constantly seeks the initial
rewarding effects of the drug while tol-
erance to those effects develops through
repeated drug self-administration. This
results in a dysfunctional reward system
and a maladaptive response to stress.
Specifically, the allostatic alterations in
cortisol responsivity may have a detri-
mental effect on the reward systems
(Wand 2008).

HPA Axis Dynamics During
Abstinence
Wand and Dobs (1991) studied HPA
axis function in alcohol-dependent
subjects during the first week of absti-
nence following supervised alcohol
withdrawal on a clinical research unit.
Although the participants had modestly
to highly significantly elevated cortisol
levels in the urine during the withdrawal
period, they also demonstrated blunted
HPA axis responses to CRF, a medica-

tion that blocks cortisol production
(i.e., metyrapone), and the ACTH ana-
log cosyntropin immediately following
alcohol detoxification. In fact, many 
of the alcohol-dependent subjects met
diagnostic criteria for adrenal insuffi-
ciency. Other studies have corroborated
these findings of elevated cortisol dur-
ing the first week of withdrawal and also
showed that cortisol levels decreased
significantly over time, even plunging
below the normal range (Esel et al.
2001; Keedwell et al. 2001; Majumdar
et al. 1989). 
Later in abstinence (i.e., at 2 to 6

weeks), alcoholics generally regain nor-
mal diurnal patterns of cortisol levels
(e.g., Leggio et al. 2008). However,
they may continue to exhibit a deficient
cortisol response to psychosocial and
pharmacological HPA axis stimulation
for several months (Adinoff et al. 1998,
2005a,b; Anthenelli et al. 2001; Bernardy
et al. 1996). Junghanns and colleagues
(2007) compared HPA axis activity in
early abstainers (i.e., mean abstinence
22 days) and long-term abstainers (i.e.,
mean abstinence 117 days). These
investigators found that longer-abstaining
people showed a stronger cortisol
awakening response, another indicator
of HPA axis function, implying that
diurnal patterns of cortisol may begin
to normalize over longer periods of
abstinence. Whether regulation of 
the HPA axis returns completely to
normal, and under what conditions,
remains unknown. 
Several factors may impact and

moderate HPA axis recovery, including
severity of withdrawal symptoms
(Bernardy et al. 1996), severity and
duration of dependence, comorbid
childhood trauma (Schafer et al. 2010),
and genetic factors underlying the
individual stress response. The exact
role of cortisol in HPA axis recovery 
is unclear. Coiro and colleagues (2007)
examined the effect of exercise as a
biobehavioral stressor in control sub-
jects and alcoholics over an 8-week
period. Consistent with other studies,
ACTH and cortisol levels were signifi-
cantly lower in alcoholics in the first
month of withdrawal; by 8 weeks,

however, the hormonal response had
returned to normal. Interestingly, exercise
itself can induce cortisol release (Beaven
et al. 2010; Coiro et al. 2007; Usui et
al. 2011) and has been investigated as
an adjunct for smoking cessation with
somewhat promising findings (Williams
et al. 2010). This suggests that manip-
ulation of cortisol levels may have ther-
apeutic potential (see below). Indeed,
determining the nature, extent, and
time course of the attenuated HPA axis
response during abstinence may have
significant clinical relevance because
low levels of basal cortisol and of the
ACTH response may predict relapse 
to alcohol use during early abstinence
(Adinoff et al. 1998; Junghanns et al.
2003, 2005; Kiefer et al. 2002).
No prospective longitudinal studies

have examined HPA axis changes over
longer periods of abstinence. One study
of alcoholics who had been abstinent
for a mean of 3.5 years found similar
ACTH and cortisol responses com-
pared with healthy controls in response
to both psychological and pharmaco-
logical (i.e., opioid challenge) stressors
(Munro et al. 2005). However, the
study did not determine whether the
alcoholics had recovered a normal level
of HPA response with prolonged absti-
nence, whether they had had a normal
response all along, or whether their
lack of psychological comorbidity indi-
cated that they were less affected by
secondary characteristics related to a
hyporesponsive HPA axis. Another
study compared alcoholics who had
relapsed with abstainers after one year
and found that, contrary to findings
during short-term abstinence, 1-year
abstainers had significantly lower levels
of cortisol (Walter et al. 2006). This
suggests that the relationship between
HPA axis activity and alcohol recovery
is dynamic and changes as abstinence
persists over time. 
One major limitation of these studies

is that most of the work has been con-
ducted with male alcoholics; therefore,
less is known regarding the HPA
hyporesponsiveness during abstinence
in females. Adinoff and colleagues
(2010) focused on female alcoholics
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and found no differences in HPA axis
activity between women who had been
abstinent for 4 to 8 weeks and age-
matched healthy control women.
Thus, HPA axis functioning over the
long term and its relationship to alcohol
use and recovery remains unclear and
warrants further investigation.

Possible Roles of cortisol in the
Risk and Development of AUDs

Cortisol’s Interaction with
Dopaminergic Reward Systems
Studies in animal models have demon-
strated that mesocorticolimbic dopamine
pathways are involved in the brain’s
reward system and that the nucleus
accumbens in the ventral striatum 
is a critical region for mediating the
rewarding effects of drugs. Virtually 
all drugs of abuse, including alcohol,
have an impact on dopaminergic activ-
ity within this brain region (Pierce and
Kumaresan 2006). Imaging studies
using positron emission tomography
(PET) in humans have corroborated
the animal findings that drugs of abuse
alter mesolimbic dopaminergic activity
and have helped elucidate potential
neurobiological underpinnings of drug
addiction (for a review, see Martinez
and Narendran 2009). These and other
studies in humans have shown that
mesolimbic dopamine release is corre-
lated with the positive subjective 
effects of the drug (Drevets et al. 2001;
Hamidovic et al. 2010; Oswald et al.
2005; Volkow et al. 2002; Wand et al.
2007). However, whereas acute alcohol
administration increases synaptic
dopamine activity and accumulation,
chronic alcohol consumption can lead
to lower-than-normal dopamine levels
(i.e., a hypodopaminergic state) that
may motivate the drinker to seek 
alcohol in order to restore the normal
levels of the neurotransmitter (Volkow
et al. 2007). It has been postulated 
that elevated levels of glucocorticoids
contribute to alcohol’s reinforcing
effects by enhancing modulation of 

the dopaminergic and subjective response
to alcohol (e.g., Melis et al. 2009).
Glucocorticoids and stress interact

with the dopamine reward system in
ways that may increase vulnerability
for developing addiction (Marinelli
and Piazza 2002). For example, gluco-
corticoids play a critical role in the
reinforcing effects of psychostimulants
because surgical removal of the adrenal
glands (i.e., adrenalectomy), which
prevents cortisol production, decreases
drug self-administration. Moreover, 
re-introduction of glucocorticoids at
levels similar to those induced by stress
reverses this effect (Deroche et al. 1997).
In fact, acute stress and drugs of abuse,
through different mechanisms, appear
to converge upon a common pathway
that modifies dopamine neuron output
by enhancing long-term potentiation
(LTP) of excitatory synapses (Saal et al.
2003) and long-term depression (LTD)
of inhibitory synapses (Niehaus et al.
2010). However, these studies did not
demonstrate that this effect directly
was attributable to cortisol. Another
study found that the magnitude of
stress-induced cortisol release significantly
correlates with mesolimbic dopamine
release in the ventral striatum (Pruessner
et al. 2004). Taken together, these
studies suggest that cortisol may facilitate
firing of dopaminergic neurons and,
consequently, the reward circuitry and
that this process is common with and
specific to many drugs of abuse (Saal 
et al. 2003). 
Glucocorticoids themselves also are

believed to have reinforcing properties
in rats as they seem to modulate self-
administration of alcohol and increase
brain sensitivity to other addictive drugs
(e.g., stimulants and opioids) in the
animals. A review by Piazza and Le
Moal (1997) concluded that glucocor-
ticoid administration at levels similar
to those found in physiological stress
responses had positive reinforcing effects.
The investigators proposed that under
natural conditions (e.g., during con-
flicts with other animals) the rewarding
effects of the glucocorticoids might
counteract the aversive effects of external
aggressions, thereby allowing the ani-

mal to better cope with threatening sit-
uations. Such a mechanism may play a
key role in fine-tuning an individual’s
adaptation to stress and in determining
reward-related behavioral pathologies.
Thus, increased levels of cortisol may
have reinforcing effects, acting on the
brain to perpetuate behaviors (e.g.,
alcohol consumption) that maintain
high cortisol levels.
The interactions of the stress response

and the rewarding effects of drugs also
have been investigated in humans.
Imaging studies using PET found that
higher cortisol levels in response to
amphetamine administration (Oswald
et al. 2005) or to a psychosocial stres-
sor (Wand et al. 2007) were positively
associated with amphetamine-induced
dopamine release in the ventral stria-
tum. Furthermore, subjects with a
high cortisol response to these stimuli
reported more positive subjective drug
effects after amphetamine administra-
tion than did subjects with a low corti-
sol response (Hamidovic et al. 2010;
Oswald et al. 2005; Wand et al. 2007).
These studies provide evidence that
cortisol may play a role in drug rein-
forcement through its interactions with
the dopaminergic reward pathway,
which may, in turn, influence vulnera-
bility for and maintenance of alcohol
and other drug use.

Cortisol’s Effect on Cognitive
Processes
LTP is a process that ultimately
enhances signal transmission at the
synapse. This enhanced synaptic trans-
mission, which has been observed in a
variety of neural structures, is widely
considered one of the leading cellular
mechanisms that underlie learning and
memory (Goosens and Maren 2002).
As mentioned above, LTP is enhanced
by stress. Cortisol has been implicated
in this phenomenon because a wide- 
spread system of glucocorticoid receptors
is found above the hypothalamus, for
example, in the limbic system, notably
the hippocampus and amygdala, and
in the prefrontal cortex. This section
discusses the impact of glucocorticoids



on some of the basic (e.g., learning,
acquisition, and memory) and higher
(e.g., decision-making) cognitive pro-
cesses that may potentially underlie
development of addictive behaviors.
This discussion focuses on the regulatory
actions of glucocorticoids on neural
structures critically involved in cognitive
processes related to alcoholism but
does not cover the equally important
reciprocal effects these structures have
on regulating HPA axis function (e.g.,
Dedovic et al. 2009).
Optimal levels of cortisol are needed

not only to meet the body’s physical
needs but also for learning, memory,
and cognitive performance. Both too
little and too much cortisol may be
damaging and disruptive to memory
formation, whereas normal levels of
glucocorticoids protect the brain against
adverse events and are essential for cog-
nitive processes. Several studies partly
may explain this paradox by describing
the roles of MRs and GRs in the vari-
ous stages of information processing
and the context in which glucocorticoid-
receptor activation takes place. The
effects of glucocorticoids on brain 
tissue as well as cognition can turn
from adaptive into maladaptive when
actions via both receptor types are
imbalanced for a prolonged time (Joels
et al. 2008; de Kloet et al. 2007). 
The secretion of cortisol and norepi- 

nephrine in response to acute stress is
known to affect learning and memory
(Smeets et al. 2011; van Stegeren et al.
2010). The mammalian brain does not
house a solitary brain region mediating
the acquisition, consolidation, and
retrieval of all types of learned infor-
mation. Instead, memory and learning
are organized in multiple brain systems.
Certain brain regions (e.g., the pre-
frontal cortex) govern goal-directed
learning, whereas others (e.g., the dorsal
striatum) are responsible for habit 
formation. Stress can induce a bias 
by promoting habit-based forms of
learning and memory in lieu of goal-
directed performance. Specifically,
studies in rodents have determined
that corticosterone and norepinephrine
promote habit-based memory forma-

tion by acting on the amygdala, hip-
pocampus, dorsal striatum, and prefrontal
cortex—all of which also are involved
in alcohol dependence. The relationship
between cortisol and the vulnerability
to alcohol dependence as well as to
relapse after abstinence could involve
cortisol’s effects on habit-based learn-
ing. In view of the habit-like nature 
of addictive behaviors, it is fascinating
that recent evidence indicates a role for
the habit memory system located in
the dorsal striatum in the maintenance
and expression of drug-seeking and
drug-taking behaviors (Everitt et al.
2008). For example, anxiety-inducing
(i.e., anxiogenic) drugs can promote
the use of dorsal striatal-dependent
habit memory in rats (Packard 2009). 
Research in humans also has shown

that stress is associated with decreased
use of cognitive behavioral strategies,
which involve the hippocampus, and
increased use of stimulus-response
strategies, which involve the caudate
nucleus (Kim et al. 2001; Schwabe et
al. 2007). It is possible that the height-
ened cortisol responsivity in people at
increased risk for alcohol dependence
may promote the transition to heavy,
hazardous drinking through cortisol’s
ability to promote habit-based memory
formation and learning during alcohol
intoxication, especially during states of
heightened arousal (Smeets et al. 2009).
Furthermore, the wide fluctuations in
cortisol secretion observed in alcohol-
dependent people could help maintain
these habit-based addictive behaviors.
Additionally, the hypercortisolism asso-
ciated with alcohol dependence may 
in part promote relapse by favoring the
use of habit-based memory to guide
the expression of maladaptive behaviors.
Finally, persistent hypercortisolism
observed during repeated episodes of
acute alcohol intoxication and with-
drawal may be toxic to neurons in the
hippocampus. Hippocampal damage,
in turn, may result in alcohol-related
symptoms such as personality changes,
memory loss, and depression.
Chronic exposure to elevated gluco-

corticoid levels also can have a detrimental
effect on prefrontal cortex function

with concomitant neuronal degenera-
tion (Bennett 2008). As mentioned
earlier, the prefrontal cortex is involved
in complex cognitive operations,
including assessing likelihood of reward
or punishment during critical decision-
making situations as well as assessing
internal and external affective cues and
responding adaptively, particularly in
stressful situations. Psychosocial stress
can disrupt prefrontal cortex function
in humans (e.g., Liston et al. 2009).
However, the specific effects of gluco-
corticoids in this process remain to be
determined (Het et al. 2005) because
other physiological changes that occur
as part of the overall stress response,
such as increased catecholamine levels,
also alter prefrontal cortex function
(Qin et al. 2009). Animal studies have
suggested that glucocorticoids play a
role in the cognitive deficits observed
after withdrawal from chronic alcohol
consumption (Rose et al. 2010). In
mice, the glucocorticoid receptor
antagonist mifepristone reduced mem-
ory deficits during the first and second
week after alcohol withdrawal, suggest-
ing that heightened glucocorticoid 
levels during withdrawal directly con-
tribute to these cognitive deficits (Jacquot
et al. 2008). Studies in humans found
that cognitive impairment in abstinent
alcoholics was related to an attenuated
cortisol response to a psychosocial
stressor (Errico et al. 2002). Poorer
cognitive performance also was related
to more withdrawal episodes, heavier
alcohol consumption, and higher corti-
sol levels during withdrawal (Errico et
al 2002; Keedwell et al. 2001). Thus,
further studies should investigate the
mechanism through which altered stress
regulation of the HPA axis impairs
cognitive function and relates to poor
prognosis in recovering alcoholics.
The amygdala is another limbic

structure that is affected by cortisol in
ways that might contribute to alcohol
dependence. The amygdala is a major
extrahypothalamic source of CRF-
containing neurons that carry large
numbers of CRF-1 and CRF-2 receptors;
it has a primary role in the processing
and memory of emotional reactions.
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Thus, the extended amygdala is crucial
for the expression of anxiety, and the
central amygdala is a major extrahy-
pothalamic site where CRF is produced
and plays a role in mediating fear and
anxiety (Gray and Bingaman 1996;
Heilig et al. 1994). Whereas the hypotha -
lamic CRF system is important for
modulating neuroendocrine responses
to stress, the extrahypothalamic CRF
system manifests the behavioral response
to stress via the amygdala and other
limbic regions. In rats with high alcohol
preference and anxiety levels, CRF
gene expression is reduced in the cen-
tral nucleus of the amygdala (Hwang
et al. 2004); moreover, the extracellular
levels of CRF in the central amygdala
are increased during acute alcohol with -
drawal and during exposure to various
forms of stress (Merlo-Pich et al. 1995).
Chronically elevated corticosterone lev-
els also increase CRF expression in the
central amygdala (Shepard et al. 2000;
Schulkin et al. 1998). This enhanced
CRF production may contribute to
anxiety-like behaviors. The heightened
or exaggerated emotional and fearful
reactivity to perceived stress, in turn,
may drive alcohol consumption observed
during heavy, hazardous drinking and
alcohol dependence. Consistent with
this theory, administration of CRF
antagonists reverses anxiety-like behaviors
and excessive alcohol drinking associated
with alcohol withdrawal (Valdez et al.
2003). These observations suggest that
heightened cortisol exposure influences
alcohol consumption by inducing anx-
iety and dysphoria via CRF-mediated
activation of the amygdala. 

Early Abstinence and Relapse
As mentioned earlier, a blunted hor-
monal response to stress during early
abstinence is related to increased risk
for relapse (Junghanns et al. 2003,
2005; Kiefer et al. 2002). The mecha-
nism underlying this relationship is not
clear. Because cortisol levels in alcohol-
dependent people negatively correlate
with self-reported alcohol craving (Bohn
et al. 1995), it is possible that relapse
to alcohol consumption during early

abstinence partly is driven by alcohol’s
ability to induce cortisol elevation
(Junghanns et al. 2005). If this is the
case, cortisol may influence the moti-
vation to drink and relapse via a poten-
tial negative-reinforcement pathway.
Several observations support this
hypothesis. For example, several studies
evaluating pharmacological treatments
for relapse prevention during early
abstinence have examined the relation-
ships among HPA activity, craving, and
alcohol intake during early abstinence,
based on the hypothesis that risk for
relapse may be attenuated through
mechanisms that reduce craving and
increase cortisol. For example, O’Malley
and colleagues (2002) administered
naltrexone or placebo for 6 days to
alcohol-dependent, non-treatment
seekers who then participated in an
alcohol self-administration session.
Naltrexone treatment resulted in higher
cortisol levels, which were associated
with lower levels of craving and less
alcohol consumption. Similarly, Kiefer
and colleagues (2006) studied the effi-
cacy of naltrexone and/or an agent that
can block receptors for the neurotrans-
mitter GABA (i.e., acamprosate), both
of which are used in alcoholism treatment
to reduce craving. The study found
that without an active treatment, both
ACTH and cortisol levels decreased
during early abstinence; conversely,
treatment with naltrexone and acam-
prosate prevented these declines. More -
over, increased ACTH and cortisol
during treatment was associated with
reduced risk of relapse. Finally, Sinha and
colleagues (2009) found that alcohol-
dependent patients who had been
abstinent for 28 days showed signifi-
cantly elevated basal cortisol levels as
well as a blunted cortisol response to 
a psychological stressor and to expo-
sure to an alcohol-related cue. Further,
stress and cue exposure resulted in 
significantly enhanced and persistent
craving. Although some studies have
not been able to demonstrate correla-
tions between changes in cortisol and
craving (e.g., Pratt and Davidson 2009),
decreased cortisol levels in general have
been accompanied by increased craving

during early abstinence, which may
underlie risk for relapse to alcohol use.
Taken together, these studies suggest
that cortisol levels and HPA axis reac-
tivity may be useful clinical indicators
in the management of relapse risk and
that manipulating HPA axis regulation
through either pharmacological or 
psychosocial intervention is a viable
avenue of research for developing new
alcoholism treatments. 

Summary

The HPA axis, an important physio-
logical stress pathway, may play a 
significant role in the risk and develop-
ment of AUDs, and the glucocorticoid
cortisol may be useful as a biomarker
for HPA axis homeostatic regulation.
The hormones of the HPA axis act to
maintain homeostasis in the presence
of stress through a variety of mecha-
nisms. When the HPA axis becomes
dysregulated, regardless of cause, devia-
tions in cortisol reactivity result that
have been associated with the progres-
sive stages of alcoholism risk, depen-
dence, and abstinence (see figure 2).
Considerable research has been devoted
to identifying potential underlying
mechanisms of the HPA axis dynamics
that contribute to progressive stages of
alcohol dependence, and the available
evidence support several of these
potential mechanisms.
First, non-alcohol–dependent drinkers

believed to be at risk for developing an
AUD, either because of their family
history or because of their hazardous
drinking patterns, clearly have altered
HPA axis function compared with
low-risk individuals. The findings
regarding the exact nature of this 
dysregulation (i.e., whether the HPA
axis shows hyper- or hyporesponsivity)
are mixed, particularly within the family-
history literature. However, the equivo-
cal results most likely are related to 
differences in experimental strategies
used and in the levels of alcohol con-
sumption in these drinkers (e.g., toler-
ance level). Nevertheless, this body of
literature generally has established that
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Figure 2  Summary of the activity of the hypothalamic–pituitary–adrenal (HPA) axis during different stages of alcoholism development and their
potential consequences.

NOTE: *Low level of response (LR) to alcohol is a phenotype that predicts higher risk for alcohol-related problems (Hu et al. 2005); currently, there are no data characterizing HPA axis response 
to mental stress in this high-risk group. Posttraumatic stress disorder (PTSD) is a complicated disorder with multiple subtypes and comorbidities; the HPA axis profile of individuals with PTSD 
symptomatology generally is not thought to react to mental stress with enhanced responsivity and therefore does not fit the model depicted above for other high-risk social  drinkers.
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cortisol responsivity serves as a risk
marker for the propensity for abuse 
or dependence. 
Second, considerable evidence sup-

ports the effect of glucocorticoids in
facilitating dopamine-mediated signal
transmission in the brain, which has
been linked to reward pathways
involved in almost all drugs of abuse.
Moreover, glucocorticoids themselves
have positive reinforcing properties.
Conversely, reduced glucocorticoid
activity seems to suppress acquisition
and self-administration of drugs of
abuse (Fahlke et al. 1996; Goeders and
Guerin 1996). Thus, glucocorticoids
appear to play a critical mediating role
in the dopamine reward circuit. 
Third, cortisol plays a key role 

in brain regions that are important 
for cognitive learning and memory
retrieval, encoding, and consolidation.
These are central processes affected 
by shifting hyper- and hypocortisolism
throughout alcohol dependence as 
well as by cortisol responses to stress. 
It is possible that such perturbations 
in the HPA axis consolidate the type 
of habit-based learning (rather than
goal-directed learning) that sustains
maladaptive behaviors related to 
alcohol use. 
Finally, deficiency in cortisol response

during early abstinence is predictive of
relapse to alcohol and may modulate
conditions that often accompany relapse
episodes, such as craving, dysphoria,
and severe withdrawal symptoms. Thus,
cortisol levels during abstinence may
be useful clinical indicators of relapse
vulnerability, and interventions that
increase cortisol and decrease craving
might be useful to prevent relapse.
Taken together, HPA axis function

may serve as a predictor of risk for
alcohol dependence in alcohol-naïve 
or social drinkers, facilitate initiation
and maintenance of alcohol use, or
serve as a predictor for risk of relapse 
in abstinent alcohol-dependent indi-
viduals. Using HPA axis reactivity as a
predictive marker may help to identify
individuals at risk for dependence or
relapse prior to development of those
conditions, which would allow the

individuals and their treatment providers
to take action and improve overall 
prevention and treatment efforts for
AUDs. ■
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a comprehensive understanding of
the relationship between stress
and alcohol use is important for

understanding the risks of developing
alcohol problems and subsequent relapse.
Although the relationship is complex,
substantial evidence supports that
exposure to chronic stress early in life
(e.g., Sher et al. 1997), adult trauma
(Kessler et al. 1995), and the presence
of anxiety disorders (Grant et al. 2004)
all are associated with increased preva-
lence of alcohol use and risk of develop-
ing of an alcohol use disorder. Although
people with high levels of stress may
report that they use alcohol to reduce
stress (Thomas et al. 2003), there is
inconsistent evidence that stress pro-
motes subsequent drinking (Helzer et
al. 2006; Park et al. 2004; Todd et al.
2009). Likewise, inconsistent evidence
exists as to whether inducing stress in
people with alcohol dependence leads
to craving or drinking (Cooney et al.

1997; Fox et al. 2007; Ray 2011;
Thomas et al. 2011a,b) or whether
alcohol use actually relieves stress (see
Sayette 1999). Even so, stress is a fre-
quently cited reason for relapse by peo-
ple with alcohol dependence, and most
evidence-based treatments for alcohol
dependence include stress coping and
mood management (Marlatt and
Gordon 1985; Vieten et al. 2010). 
The complexity of this issue warrants

investigation with well-controlled stud-
ies. With clinical laboratory studies,
researchers can conduct experiments to
establish causal relationships between
stress and alcohol use. In contrast to
studying stress and drinking in the real
world, the clinical laboratory setting
allows scientists to carefully calibrate
and apply a stressor, to administer dif-
ferent types of stressors, and to assess
the interaction among multiple pre-
existing variables (e.g., genotype, tem-
perament, drinking motives, alcohol
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expectancies, or comorbid psychiatric
conditions) and stress response variables
(i.e., subjective, physiological, and neu-
roendocrine responses). Such studies
permit the study of sensitivity or resilience
to acute stressors in at-risk or currently
dependent individuals, of how alcohol
can differentially reduce stress reactiv-
ity in different groups of participants,
or how and whether a stressor induces
alcohol craving or consumption.

a review of clinical 
laboratory stressors 

This article reviews some of the most
common methods used to induce a
stress response in participants in a clin-
ical laboratory setting. The stressors are
divided into three main categories:
physical, psychological, or pharmaco-
logic. As explained throughout this
article, the best stressor to use depends
on the research question of interest.  

Physical stressors

Physical stressors, such as pain, exercise,
or extreme temperatures, are commu-
nicated directly to the hypothalamus
by way of the nervous system (Herman
and Cullinan 1997). These stress
responses minimize the subjective
interpretation of the stressor, which is
useful when subjective interpretation of
the stressor is considered noise variability.
In the Cold Pressor Test (CPT), par-

ticipants submerge their hand in a cold
water bath (0° to 6°C) for as long as
can be tolerated up to a given maximum
duration, typically 1 to 2 minutes
(Velasco et al. 1997). The CPT reliably
induces cardiovascular activation, sub-
jective distress/discomfort, and may
induce brief and modest activation 
of stress hormones such as adrenocorti-
cotropic hormone (ACTH) and cortisol
(McRae et al. 2006). Alcohol-dependent
and non–alcohol-dependent people
differ in their response to the CPT in
that the former show a less robust neu-
roendocrine response but report more
subjective distress (Brady et al. 2006).

Generally speaking, the CPT does not
increase craving in alcoholics, although
individual differences in craving response
following the CPT have been shown 
to predict alcohol use 1 month later
(Brady et al. 2006).  
Physical exercise evokes activation 

of the hypothalamic–pituitary–adrenal
(HPA) axis, which controls the body’s
major hormonal stress response, both
in nonalcoholic study participants
(Coiro et al. 2007; Singh et al. 1999)
and alcoholics (Coiro et al. 2007).
Coiro and colleagues (2007) examined
how length of abstinence (4, 6, and 8
weeks) associated with stress reactivity
using a stationary bicycle that measures
work performed, with activity work-
load increasing every 3 minutes until
participants reached exhaustion
(approximately 15 minutes). Whereas
exercise induced a significant rise in
plasma ACTH and cortisol in nonal-
coholics, 4-week-abstinent alcoholics
failed to show an exercise-induced rise
in either measure. After 6 weeks of
abstinence, the endocrine response was
partially normalized, and after 8 weeks
of abstinence the ACTH and cortisol
response was nearly identical to the
nonalcoholic group (Coiro et al. 2007).
Physical exercise has not, to the authors’
knowledge, been examined in a clinical
laboratory setting for its ability to induce
craving or drinking in alcoholics or
social drinkers or to compare stress
reactivity between at-risk individuals
and healthy study participants.
The isometric handgrip exercise is a

classic physical stressor frequently used
in laboratory studies examining cardio-
vascular response because it reliably
produces elevations in blood pressure
and heart rate (Ewing et al. 1974).
With this task, the participant squeezes
a handgrip dynamometer as firmly as
possible to determine his or her maximal
handgrip strength. Then the partici-
pant is instructed to squeeze and main-
tain pressure at 20 to 40 percent of
maximum strength for 2 to 5 minutes.
No studies of the handgrip stressor
alone have reported how the stressor
differentially affects alcoholics versus
control subjects, although studies com-

bining the handgrip exercise with addi-
tional stressors produced a blunted cor-
tisol response in alcoholics compared
with nonalcoholics (Bernardy et al.
1996). To date, the isometric handgrip
stressor has not been used as an applied
stressor to examine its effect on craving
or drinking.
In general, physical stressors are best

suited to study specific mechanisms
underlying the stress response that may
be perturbed as a result of repeated
alcohol exposure. In addition, they
may be used to characterize individuals
as high- and low-stress responders and
examine subsequent response to non-
physical stressors (Singh et al. 1999).
Physical stressors do not mimic stressful
experiences that likely lead to drinking
or relapse in the real world, so if the
research question is how a stressor
affects subsequent alcohol use or urge
to use, psychological stressors may be 
a better choice.   

Psychological stressors

Psychological stressors, by definition,
involve cognitive assessment of the
stressor and can be classified broadly
into three main categories—performance
tasks, social interaction tasks, and indi-
vidualized guided imagery or other
mood-inducing stimuli, although a
stressor may include more than one type.

Performance Tasks
Performance tasks are designed to induce
a stress response by challenging a per-
son to solve a problem that is either
difficult in its own right or is made 
difficult with stringent time constraints.
The stress response is typically charac-
terized by subjective measures (e.g.,
degree of reported distress, frustration,
and anger) and objective measures,
such as cardiovascular responses and
electrical conductance of the skin (i.e.,
skin conductance, which varies with
the amount of sweat produced). 
The mirror star-tracing task requires

participants to trace a star while being
provided misleading visual feedback
regarding how to adjust one’s course
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(e.g., up/down and left/right are reversed).
Although there are no known studies
examining the effects of this task
specifically in alcoholics, a similar pro-
cedure has been used in individuals in
a general substance abuse treatment
facility. The degree of distress/frustra-
tion induced by the task (as measured
by the participant discontinuing the
task) was negatively related to subsequent
retention in treatment (Daughters et
al. 2005). Correlational in nature,
these results do not yet reveal whether
the mirror star-tracing task can be used
to evaluate an individual’s stress reactiv-
ity or its effect on alcohol consumption
or craving. 
In the computerized Paced Auditory

Serial Addition Task (PASAT) (Lejuez
et al. 2003), numbers are sequentially
presented on a computer screen and
participants are requested to sum con-
secutive numbers in sets of two. For
example, values 2 and 4 are presented
(correct answer = 6) and then followed
by 8 (correct answer = 12, because 8 
is added to the last number presented
and not the sum previously derived).
The PASAT has been shown to induce
changes in skin conductance, elevations
in heart rate, and emotional distress
(Lejuez et al. 2003) and small increases
in salivary cortisol (Pratt and Davidson
2009). High PASAT-induced distress
predicted early dropout from a substance
abuse treatment program (Daughters
et al. 2005). However, the PASAT did
not induce craving or subsequent drink-
ing in a clinical laboratory study with
alcoholics (Pratt and Davidson 2009).

Social Interaction Tasks
Performance tasks lack an important
element of inducing psychological dis-
tress—the threat of social evaluation
(see Dickerson and Kemeny 2004 for a
review). In healthy men, a performance
test increased blood pressure by 5 to
10 mmHg, whereas a social interaction
task induced changes of twice that
magnitude (Dimsdale et al. 1988). Not
surprisingly, social-interaction tests also
have been shown to induce greater car-
diovascular, neuroendocrine, and sub-

jective responses than physical stressors
(Dimsdale et al. 1988; McRae et al. 2006).
A variety of methods are available to

induce social interaction stress, includ-
ing methods to induce feelings of
social rejection and self-consciousness
about physical appearance (Sayette et
al. 2001; Stroud et al. 2000), but the
gold standard of social interaction
stressors is the Trier Social Stress Test
(TSST). The TSST (Kirschbaum et 
al. 1993) is a widely used standardized
social stress procedure in which the
participant is sequentially exposed to
three unique stress-inducing situations:
a preparation phase, an interview
phase, and a mental arithmetic phase.
In the preparation phase, the partici-
pant is instructed to prepare his or her
talking points for a subsequent mock
job interview. A few minutes later, the
participant engages in a mock job
interview, presenting to confederates
who are trained to remain stoic during
the interview process. Finally, the par-
ticipant performs a serial subtraction
task to the audience, and if an incorrect
value is given, the participant must
begin again with the initial number.
Each element of the TSST typically
lasts 5 minutes, for a total exposure
time of about 15 minutes (Kirschbaum
et al. 1993).
The TSST has been shown to evoke

a robust and predictable response 
curve for subjective distress, heart rate,
blood pressure, cortisol, and ACTH
(Kirschbaum et al. 1993; Singh et al.
1999). Generally speaking, the TSST
induces a two- to fourfold increase in
cortisol levels (Kirschbaum et al. 1993;
Singh et al. 1999). Because the TSST
yields such a marked and objectively
measurable stress response, it is espe-
cially well suited for studies in which
stress reactivity outcomes are of partic-
ular interest.
The TSST has been widely used to

compare the magnitude of stress reac-
tivity and stress-response dampening
by alcohol in individuals at risk for
alcoholism, as defined by heavy drink-
ing or a family history of alcoholism.
These studies generally support that 
at-risk individuals differ from healthy

counterparts on both stress reactivity
and stress-response dampening (Croissant
and Olbrich 2004; Uhart et al. 2006;
Zimmermann et al. 2009). Research
also generally suggests that alcoholics
and nonalcoholics differ in their response
to the TSST (Lovallo et al. 2000; McRae
et al. 2006; Munro et al. 2005).
Relatively few studies have examined

the effect of the TSST or other social
interaction–based stressors on alcohol
craving or consumption. The TSST
has been shown both to induce craving
(Nesic and Duka 2008) and also to
have no effect on craving (de Wit et al.
2003; Nesic and Duka 2006) in social
drinkers. In studies of stress-induced
craving or drinking in problem drinkers,
Thomas and colleagues (2011a) found
that the TSST increased drinking but
not alcohol craving or alcohol cue reac-
tivity (Thomas et al. 2011a,b) in
non–treatment-seeking alcoholics.
In general, the TSST is especially

well suited for research questions
related to stress reactivity—for example,
variables that predict stress reactivity,
such as family history of alcoholism
(Uhart et al. 2006) and the effect 
of alcohol on the stress response
(Zimmermann et al. 2009). The TSST
may be valuable for examining stress-
induced drinking in a laboratory set-
ting (Thomas et al. 2011a), but more
studies are needed to replicate this
finding. Most clinical laboratory studies
conducted to examine whether stress
induces drinking or craving have relied
on personalized (rather than standard-
ized) stressors, such as individualized
guided imagery.

Individualized Guided Imagery
Significant individual differences exist
in what is interpreted as stressful. Guided
imagery paradigms use stimuli that are
individually calibrated for emotionality
and stressfulness to induce emotion
and stress reactivity while approximating
real-life situations (for review, see Sinha
2009). The individualized guided
imagery procedure involves developing
personalized imagery scripts for both
stressful and nonstressful situations.



Scripts are developed based on the 
participants’ own descriptions of each
situation. Individualized scripts are
then recorded on an audiotape and
presented to the participant in the lab-
oratory with instructions to imagine
the situation “as if it were happening
right now,” so that the relevant mood
can be induced. Researchers then 
compare responses to stressful and
nonstressful scripts, as well as their
respective effects on substance use 
variables of interest (e.g., craving).
Individualized stress imagery has

been shown to increase negative emo-
tions, and to a lesser degree, cardiovas-
cular activity, ACTH, and cortisol
(Sinha 2007). The procedure has been
used to identify differences in stress
responses between social drinkers and
people who are alcohol dependent
(Sinha et al. 2009) and to show that
alcohol and drug craving is elevated
following exposure to stressful versus
neutral imagery cues in individuals
with alcohol dependence (Cooney et
al. 1997; Fox et al. 2007; Sinha 2007).
It is unknown whether guided imagery
stressors increase drinking in alcoholics,
although it has been shown that sever-
ity of craving following exposure to
stressful scripts predicted time to relapse
following inpatient treatment (Sinha et
al. 2011).
Although guided imagery is the most

widely used technique in alcohol and
addiction research to induce a specific
mood, other mood induction approaches
include exposure to somber or other-
wise emotionally laden music (Birch 
et al. 2004; Grant et al. 2007; Jansma
et al. 2000; Willner et al. 1998) or to 
sad or disturbing images (Mason et al.
2008). In general, these techniques are
effective in inducing the target mood,
although amenable to confirmation
only with subjective indices. Only neg-
ative mood induction using music has
been shown to induce the urge to drink
and only in certain subgroups, such 
as those who report using alcohol as a
coping strategy (see Birch et al. 2004;
Grant et al. 2007).
Psychological stressors have the

advantage of modeling stressors, or at

least stress-induced emotions (anxiety,
dread, frustration, and embarrass-
ment), that individuals encounter in
the real world. If psychological stres-
sors are used and objective confirma-
tion of the stressor is not feasible,
investigators are encouraged to use
subjective measures that capture a
range of emotions, where the partici-
pant can report changes in fear, anger,
frustration, humiliation, etc., and not
simply the level of “stress” experienced.
Visual analog scales querying multiple
emotions (see de Wit et al. 2003) and
standardized instruments (see sidebar)
allow the respondent to more fully
describe his or her subjective interpre-
tation of the stress experience.  

Pharmacologic stressors 

The primary events of the stress response
are the release of corticotropin-releasing
factor (CRF) and vasopressin from the
hypothalamus, resulting in the release
of ACTH from the pituitary gland to
stimulate the adrenal cortex to release
cortisol. Cortisol then inhibits the
release of CRF and ACTH in a nega-
tive-feedback loop. Pharmacological
stressors have been used primarily to
identify specific disruptions in this system
that occur as a result of alcohol depen-
dence or pre-existing differences between
at-risk and low-risk individuals.
CRF, ACTH, and cortisol release

can be induced through a number of
different agents, including glucose-
depriving medications such as insulin
(Costa et al. 1996) or 2-deoxyglucose,
nicotine (Matta et al. 1998), and alcohol
itself. Agents that mimic the actions of
serotonin (i.e., serotonergic agonists),
such as fenfluramine (Anthenelli et al.
2001), meta-chlorophenylpiperazine
(mCPP) (Krystal et al. 1996), and
citalopram (Mondelli et al. 2006) also
increase hypothalamic CRF, although
direct pituitary and adrenal effects also
have been posited (Dinan 1996). In
addition, agents that block opiate
receptors (i.e., antagonists, such as
naloxone) block opioid tonic inhibitory
modulation of CRF and so result in
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release of ACTH and cortisol (Inder 
et al. 1995). Another approach is to
apply synthetic or species-specific ver-
sions of CRF and ACTH. The admin-
istration of ovine CRF (oCRF) mimics
the effect of naturally occurring CRF
on the pituitary, and a synthetic derivative
of ACTH (i.e., cosyntropin) directly
stimulates cortisol release from the
adrenal cortex. In addition, researchers
have used synthetic steroid hormones
(i.e., glucocorticoids, such as dexam-
ethasone) to examine the integrity of
negative-feedback mechanisms (Khan
et al 1984). 
Most pharmacological stressors have

been used to examine how people with
alcohol dependence or risk of developing
dependence via positive family history
differ from nonaffected study partici-
pants or how time in recovery affects
the HPA axis. For example, regarding
family history, administration of alcohol
as a pharmacologic stressor resulted in
a blunted cortisol response in young
men with an alcohol-dependent bio-
logical father but not in a comparison
group (Schuckit et al. 1987). On the
other hand, opiate receptor antagonists
have resulted in higher ACTH and/or
cortisol response in people with a posi-
tive family history of alcoholism com-
pared with those with a negative family
history (King et al. 2003; Wand et 
al. 2001). Neither oCRF (Waltman 
et al. 1994) nor cosyntropin (Wand 
et al. 1999) showed differences between
family history positive and negative
individuals.
Results from pharmacological chal-

lenge studies with people who are alcohol
dependent tend to be more consistent.
Alcoholics typically exhibit a muted
ACTH or cortisol response to these
stressors, including insulin (Costa et 
al. 1996), nicotine (Coiro and Vescovi
1999), naloxone (Inder et al. 1995),
and mCPP (Krystal et al. 1996). 
Some notable exceptions include exag-
gerated cortisol responses to fenflu-
ramine (Anthenelli et al. 2001) and 
2-deoxyglucose (George et al. 1994).
Both oCRF and cosyntropin produce

Continued on page 465
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Quantifying stress reactivity

In stress-induction studies, stressresponse optimally is measured
with both subjective and objective

indices because together these provide
the strongest evidence for the internal
validity of the stressor. Data from
objective and subjective measures
also may provide complementary (not
necessarily overlapping) information.
For example, a robust stress-induced
change in cortisol is not necessarily
correlated with a more intense expe-
rience of distress (Dickerson and
Kemeny 2004). Both objective and
subjective outcomes should be assessed
prior to, and multiple times following,
the stress-induction procedure to
reveal the time course of the stress
response. The following sections
describe the subjective and objective
indices most commonly used in
stress-induction studies to confirm
and quantify stress reactivity in alco-
hol research (for a more comprehen-
sive review of assessments, see Davis
et al. 2007).

Subjective Measures of 
Stress Reactivity 
Subjective measures of stress reactivity
quantify the individual’s experience
of distress or discomfort via his/her
self-report. The most commonly used
subjective measure of stress reactivity
is a 7- (1 to 7) to 11- (0 to 10) point
Likert scale or a visual analog scale
(VAS) (measured along a 100-mm
line) on which the respondent rates
his/her severity of distress. For Likert
scale items, the low and high values
may reflect level of agreement with a
statement such as “I feel stressed” or
may reflect the degree of a stressed
state (“none at all” to “extreme”). For
VAS items, the line is labeled “none
at all” at the left end and “the most
I’ve ever experienced” at the right
end, and the respondent indicates

his/her current state by placing a
mark along the line. The location of
the mark is measured in millimeters
from the end with the low-severity
anchor. For both the Likert and VAS
scale question, the state assessed may
be a single concept, such as “distress”
or “stress,” or several terms may be
used with each rated singly, such as
fear, nervousness, anger, or anxiety.
Likert and VAS scales also have been
used to index feelings that are in
contrast to the experience of distress,
such as neutral, happy, pleasant,
relaxed, and calm, with the rationale
that such feelings should decrease 
as aversive states are induced by the
stressor. Results from each descriptor
typically are analyzed separately rather
than summed to compute a total
score. In addition to measuring what
they intend to measure (i.e., having
face validity), these scales have been
psychometrically evaluated and have
been shown to adequately capture
current feelings of anxiety (Davey et
al. 2007). They also are simple and
inexpensive to administer, and collect-
ing results does not require extensive
time. As a result, nearly every stress-
induction study includes at least one
self-reported Likert scale or VAS item
to quantify participants’ distress. 
Standardized questionnaires also

are used to assess distress in stress-
induction studies. These instruments
include multiple items that are 
used to compute a total score and/or
subscale scores. Standardized instru-
ments also allow comparison of
results across studies. Four commonly
used instruments in stress induction
challenges in alcohol research are the
State–Trait Anxiety Inventory (STAI;
20 items) (Spielberger 1983), the
Positive and Negative Affect Schedule
(PANAS; 20 items) (Watson et al.
1988), the Profile of Mood States

(POMS; 65 items) (McNair et al.
1971), and Izard’s Differential
Emotions Scale (DES; 30 items).
Each of these instruments has sound
psychometric properties, as reported
in their source references (see Boyle
1984 for the DES). Because of the
length of these instruments, they
may not be suitable for repeated
assessment over a short time frame
and may induce participant fatigue.
To minimize these problems, investi-
gators often use shorter versions such
as the 6-item STAI (Marteau and
Bekker 1992) or administer selected
subscales from the instruments, such
as the tension–anxiety subscale (9
items) from the POMS.  

Objective Measures of 
Stress Reactivity
Objective measures of stress reactivity
quantify physiological changes that
reflect activation of the hypothalamic–
pituitary–adrenal (HPA) axis and the
sympathetic nervous system. These
include neuroendocrine measures,
such as levels of the stress hormones
adrenocorticotropic hormone (ACTH)
and cortisol, and physiologic measures
such as heart rate, blood pressure,
and, less commonly, skin conductance.
Neuroimaging, which recently has
been adopted as an additional objec-
tive assessment of stress reactivity,
can be used to show activation of
brain areas associated with regulating
emotion (see Sinha and Li 2007). 
As the latter is restricted in its use 
to specific stressors amenable to
delivery in the scanner, the following
section focuses on the objective
assessments of stress reactivity that
may be collected following any stress
induction procedure.
ACTH and cortisol are the two

neuroendocrine measures most often
used to index stress reactivity and
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Quantifying stress reactivity continued

specifically HPA axis activation.
ACTH is produced and secreted by
the anterior pituitary gland to pro-
mote the adrenal cortex to release
cortisol. ACTH must be measured
from blood, whereas cortisol may be
measured in either blood or saliva.
Salivary cortisol reflects the binding
protein-free fraction and thus the
biologically active form of cortisol
and may be less susceptible to inter-
ference by oral contraceptives (Vining
et al. 1983). Although either serum
or salivary cortisol can index HPA
axis activity, salivary cortisol provides
a more accurate depiction of active 
circulating cortisol (Gozansky et al.
2005).  
If blood is collected in the chal-

lenge, care must be taken not to
induce “noise” stress by repeatedly
sticking the participant to draw the
sample. Thus, a peripheral venous
catheter is recommended. Timing
the collection of samples also is rele-
vant, particularly for cortisol, because
there is robust diurnal variation in
cortisol levels. Investigators can establish
a model of baseline levels of cortisol
by collecting samples several times
prior to the stress manipulation.
The expense of collecting and

measuring ACTH and cortisol may
be prohibitive for some studies, and
investigators may therefore use car-
diovascular activity such as heart rate
and blood pressure to objectively
assess stress reactivity. These measures
can be collected with automated
equipment, so no extensive training
is needed. Heart rate is assessed by

beats per minute; systolic and diastolic
blood pressure is measured in mil-
limeters of mercury (mmHg). Mean
arterial pressure, which reflects the
average arterial pressure over a complete
cycle of one heartbeat, is computed
using systolic and diastolic pressure
values. It is especially well-suited for
stress-induction procedures because
it indexes the role of the sympathetic
and parasympathetic systems in reg-
ulating blood pressure. Heart rate
variability, specifically respiratory sinus
arrhythmia, can be calculated from
the heart rate as a noninvasive index
of parasympathetic control of cardiac
activity (Bernstein et al. 1993). 
In summary, confirming the validity

of the stress-induction procedure is
critical to evaluating the effects of the
stressor (or lack thereof) on alcohol-
related outcomes such as craving or
consumption, or how at-risk and
alcohol dependent people differ from
others in response to an applied stressor.
Depending on the specific research
question, the stressor selected, and
logistical constraints, investigators
may select certain indices over others.
Given the host of subjective and
objective measures of stress reactivity
available, however, investigators should
seek to quantify the stress response of
participants with both subjective and
objective data.  ■
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lower ACTH and/or cortisol responses
in alcohol-dependent men compared
with nonalcoholic men (Adinoff et al.
1990, 2005; Inder et al. 1995; Wand
and Dobs 1991). 
Although pharmacological stressors

have not historically been used to exam-
ine the effects of stress on subsequent
craving or drinking, these stressors
more recently have been applied to
study whether they can induce alcohol
craving in alcoholics (Umhau et al.
2011). The a-2 adrenergic antagonist,
yohimbine, induces anxiety (Holmberg
and Gershon 1961) yet has inconsistent
evidence of inducing craving (Krystal
et al. 1994; Umhau et al. 2011). The
stressor mCPP has been more effective
at inducing not only robust subjective
distress but also enhanced alcohol craving
(George et al. 1997; Krystal et al. 1994;
Umhau et al. 2011). Because pharma-
cological stressors have the advantage
of being directly applicable to preclinical
models, and vice versa, they are especially
relevant for translational research efforts.

summary

The relationship between stress and
alcohol use is complex, and clinical
laboratory studies in which an acute
stressor is applied allow researchers 
to further clarify links between stress
reactivity and alcohol use and abuse
through systematic study. Research has
identified the architecture of the stress
response, and evidence across classes of
stressors—physical, psychological, and
pharmacologic—generally supports the
hypothesis that both people with alcohol
dependence and those at risk for alco-
holism (e.g., heavy drinkers or those
with positive family history of alcoholism)
differ from comparison groups in their
response to applied stressors. Whether
this difference contributes to the devel-
opment of alcohol problems or is sim-
ply a phenotypic marker of pre-existing
risk is yet unknown. How stress results
in alcohol seeking, craving, and/or relapse
in individuals with alcohol dependence

also is not well understood, but because
it has important treatment implications,
it is a fruitful area for future study. For
example, clinical laboratory studies in
which stressors are applied can result in
clinical models in which investigators
can study whether promising treatments
diminish the ability of stress to enhance
motivation to drink and whether such
treatments may alter stress reactivity
(Kosten 2011).
The stressors described in this article

frequently are used in clinical laboratory
settings and have empirical support 
for their ability to induce a measurable
stress response. Ideally, the ability of an
applied stressor to induce stress (i.e.,
internal validity) is confirmed by both
objective and subjective indices. The
optimal stress-induction procedure is
determined by the specific research
question. For example, guided imagery
stressors induce subjective distress as
well as alcohol craving but may not
induce robust changes in stress reactivity
as indexed by objective measures.
Conversely, the TSST is considered 
the gold standard for eliciting neuroen-
docrine reactivity (Dickerson and
Kemeny 2004) but has shown incon-
sistent effects on inducing the urge to
drink. If the research question involves
understanding what part of the HPA
axis cascade is perturbed, pharmaco-
logical stressors may be optimal; they
also present an exciting opportunity 
in translational research studies. If the
research question is to examine differ-
ences between groups on stress reactivity,
a stressor that affords both objective
and subjective confirmation is recom-
mended. If the study seeks to determine
what type of person is likely to be 
provoked to craving or alcohol con-
sumption by stress, psychological stressors
that approximate real-life situations
(such as guided imagery and possibly
the TSST) may be the best choice. 
The complexity of the relationship

between stress and alcohol use has
resulted in an empirical base with more
questions than answers. Research does
show that stress is undoubtedly related
to alcohol use and vice versa (Cooney
et al. 1997; Sinha 2007). Clinical labo-

ratory studies that examine the effects
of acute stressors on alcohol-relevant
outcomes are critical to elucidating 
this complex relationship because they
provide the opportunity to determine
mechanistic links between stress reac-
tivity and alcohol use and abuse, thus
providing direction for optimal treat-
ment and prevention efforts.   ■
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A complex relationship exists between alcohol-drinking behavior and stress. Alcohol
has anxiety-reducing properties and can relieve stress, while at the same time acting
as a stressor and activating the body’s stress response systems. In particular, chronic
alcohol exposure and withdrawal can profoundly disturb the function of the body’s
neuroendocrine stress response system, the hypothalamic–pituitary–adrenocortical
(HPA) axis. A hormone, corticotropin-releasing factor (CRF), which is produced and
released from the hypothalamus and activates the pituitary in response to stress, plays
a central role in the relationship between stress and alcohol dependence and
withdrawal. Chronic alcohol exposure and withdrawal lead to changes in CRF activity
both within the HPA axis and in extrahypothalamic brain sites. This may mediate the
emergence of certain withdrawal symptoms, which in turn influence the susceptibility
to relapse. Alcohol-related dysregulation of the HPA axis and altered CRF activity within
brain stress–reward circuitry also may play a role in the escalation of alcohol
consumption in alcohol-dependent individuals. Numerous mechanisms have been
suggested to contribute to the relationship between alcohol dependence, stress, and
drinking behavior. These include the stress hormones released by the adrenal glands
in response to HPA axis activation (i.e., corticosteroids), neuromodulators known as
neuroactive steroids, CRF, the neurotransmitter norepinephrine, and other stress-
related molecules. KEY WORDS: Alcohol consumption; alcohol dependence; chronic
alcohol exposure; drinking behavior; withdrawal; relapse; stress; stress response;
biological adaptation to stress; brain; brain stress pathway; hypothalamic–
pituitary–adrenocortical axis; corticotropin-releasing factor; corticosteroids;
norepinephrine; human studies; animal models

A lthough stress is known to be an
important contributing factor to
alcohol abuse and alcoholism, the

interaction between stress and alcohol
drinking behavior, as well as the mech-
anisms underlying this interaction in
the context of dependence are complex
and not well understood. On the one
hand, alcohol is an effective anxiety-
reducing agent (i.e., anxiolytic). Hence,
motivation for drinking may be related
to its ability to alleviate stress, including
stress associated with periods of absti-
nence following bouts of heavy drinking
(Cappell and Greeley 1987; Sayette

1999). On the other hand, alcohol itself
can serve as a stressor, activating the
hypothalamic–pituitary–adrenocortical
(HPA) axis, which constitutes a major
component of the hormonal (i.e., neu-
roendocrine) stress response (Smith and
Vale 2006). Furthermore, chronic alcohol
exposure and withdrawal experiences not
only produce robust perturbations in the
HPA axis but also engage neuroendocrine-
independent (i.e., extrahypothalamic)
brain stress systems that influence drink-
ing behavior in a dynamic and complex
manner (Koob and Kreek 2007).

The relationship between stress and
alcohol drinking is complicated by a
host of alcohol-related factors (e.g., history
of use, level and pattern of drinking, 
or timing of accessibility of alcohol in
relation to stress experience) as well as
stress-related factors (e.g., type, chronicity,
intermittency, predictability, and con-
trollability) that intersect with a number
of biological variables (e.g., genetics,
age, and sex). For example, clear indi-
vidual differences exist in sensitivity to,
perception of, and responsiveness to
stress and alcohol, and both clinical
and preclinical evidence indicate that



genetic factors help shape the nature 
of the relationship between stress and
alcohol drinking (Clarke et al. 2008;
Uhart and Wand 2009). The dynamic
interaction of these biological and
environmental variables along with
experiential factors plays a critical role
in defining subjective aspects of stress
(i.e., the perception and appraisal of a
stressful event) and alcohol intoxication.
These subjective effects, in turn, shape
the impact of stress on alcohol drinking
and of alcohol consumption on stress
responsiveness. 
Despite the complex interaction
between stress and alcohol consumption,
it generally is acknowledged that stress-
ful life events prominently influence
alcohol drinking and, in particular,
relapse (Brady and Sonne 1999; Sinha
2001, 2008). Several animal models
have been developed to study the influ-
ence of stress on alcohol consumption.
However, reviews of this literature have
found equivocal results regarding the
circumstances and manner in which
stress modulates alcohol drinking
(Becker et al. 2011; Pohorecky 1990;
Sillaber and Henniger 2004). The dis-
crepancies in results no doubt relate 
to the aforementioned plethora of vari-
ables that influence the reciprocal rela-
tionship between stress and alcohol.
Nevertheless, researchers continue to
focus on stress associated with chronic
alcohol exposure and withdrawal 
experiences and recently have directed
attention to stress–alcohol interactions
in alcohol-dependent subjects (Becker
et al. 2011; Heilig et al. 2010; Pohorecky
1990; Sillaber and Henniger 2004).
This article provides an overview of
clinical studies and studies involving
animal models of alcohol dependence
that demonstrate both prolonged alcohol
exposure and repeated periods of absti-
nence constitute potent stressors to the
organism. Studies conducted in rodents,
monkeys, and humans are described
that highlight the impact of chronic
alcohol exposure and withdrawal on
neuroendocrine and brain stress path-
ways, as well as how activation of these
brain stress systems, which are closely
linked to brain reward systems, alter

motivation to drink. Finally, evidence
will be presented that stress associated
with alcohol dependence not only
compromises the ability to mount an
appropriate behavioral response to a
subsequent stress challenge, but also alters
the ability of stress challenges to mod-
ulate drinking in the dependent state.

Stress Associated With 
Chronic Alcohol Exposure 
and Withdrawal

As previously noted, alcohol activates
the HPA axis, with the magnitude and
response profile influenced by a host 
of variables, including the individual’s
genetic makeup (i.e., genotype) and
sex as well as dosing parameters (Rivier
2000; Wand 2000). Alcohol stimulates
neuronal activity in the paraventricular
nucleus of the hypotha lamus, thereby
inducing release of corticotropin-releasing
factor (CRF) (and vasopressin) from
these cells. CRF, in turn, induces the
secretion of adrenocorticotrophic hor-
mone (ACTH) from the pituitary,
which subsequently acts on the adrenal
glands to cause an increase in the cir-
culating levels of glucocorticoids (e.g.,
cortisol in humans and corticosterone
in rodents) (Lee et al. 2001, 2004).
Both clinical and experimental studies
have documented profound distur-
bances in HPA axis function following
chronic alcohol exposure and with-
drawal. For example, studies in humans
(Errico et al. 1993; Wand and Dobs
1991), monkeys (Helms et al. 2012a,
b), and rodents (Kakihana and Moore
1976; Lee et al. 2000; Rasmussen et al.
2000; Tabakoff et al. 1978) have shown
that chronic alcohol consumption 
produces general elevation in blood
glucocorticoid levels, flattening of normal
circadian fluctuations, and a dampened
HPA response to subsequent stress
challenge. Periods of abstinence (i.e.,
withdrawal) also are characterized by
elevated glucocorticoid levels that reflect
increased HPA axis activity, as well as
by increased activity of the sympathetic
division of the autonomic nervous 
system1 that produces an array of phys-

iological symptoms, including rapid
heartbeat (i.e., tachycardia), elevated
blood pressure (i.e., arterial hypertension),
excessive sweating (i.e., diaphoresis),
and body temperature dysregulation
(Becker 2000; Heilig et al. 2010). For
example, studies in rats have demon-
strated increased activity of the adrenal
glands and sympathetic nervous system
(i.e., sympathoadrenal activity) during
alcohol withdrawal, as evidenced by
elevated plasma levels of the epinephrine
and norepinephrine2 (Rasmussen et al.
2006). Similarly, increased concentra-
tions of norepinephrine in cerebrospinal
fluid were reported during acute alcohol
withdrawal in alcoholics (Hawley et al.
1994). Finally, elevated plasma levels 
of epinephrine (Ehrenreich et al. 1997)
and norepinephrine (Patkar et al. 2003,
2004) have been reported in abstinent
alcoholics.
As is the case with most physiological
features of alcohol withdrawal, auto-
nomic-related symptoms typically wax
and wane over the course of acute
withdrawal; however, some cardiovas-
cular changes may persist, especially
when assessed following a stress chal-
lenge (Bernardy et al. 2003; Kahkonen
2004; King et al. 1996). Likewise,
studies in humans and animals have
shown that whereas heightened HPA
axis activation associated with with-
drawal usually resolves within a few
days (Adinoff et al. 1991; Tabakoff et
al. 1978), the blunted HPA axis
responsiveness, along with reduced
basal levels of circulating corticosteroids,
appear to persist for a protracted period
of time (Adinoff et al. 1990; Cuzon
Carlson et al. 2011; Lovallo et al.
2000; Rasmussen et al. 2000; Zorrilla
et al. 2001). 
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1 The autonomic nervous system controls involuntary functions of
many internal organs. It can be divided into the sympathetic ner-
vous system, which promotes actions requiring quick responses
(i.e., the fight-or-flight response), and the parasympathetic ner-
vous system, which promotes responses that do not require
immediate action (i.e., the rest-and-digest response).

2 Epinephrine and norepinephrine (also known as adrenaline and
noradrenaline) are two hormones and neurotransmitters that are
produced in some nerve cells (i.e., neurons) as well as in the
adrenal glands and which have many functions in the body. They
are both part of the fight-or-flight response of the sympathetic
nervous system. 



In addition to these HPA-axis–
related effects, alcohol alters the activity
of the stress-related neuropeptide CRF
outside of the HPA axis (Heilig and
Koob 2007; Koob and Zorrilla 2010;
Uhart and Wand 2009). Increased CRF
activity in several brain structures fol-
lowing chronic alcohol exposure repre-
sents an important neuroadaptive
change that is thought to be key in the
emergence of withdrawal-related anxi-
ety and dysphoria, which likely are
intimately tied to alcohol drinking and
relapse (Becker 2009; Heilig et al. 2010;
Heilig and Koob 2007; Koob and
Kreek 2007).  Moreover, there is evi-
dence that norepinephrine and CRF
systems in the brain not only interact
closely to mediate behavioral responses
to stress, but also play an important
role in negative affective states and
relapse vulnerability during alcohol/drug
abstinence (Dunn and Swiergiel 2008;
Smith and Aston-Jones 2008). Thus,
chronic alcohol exposure and with-
drawal experiences can be viewed as
potent stressors that disrupt the func-
tional integrity of the HPA axis as well
as recruit extrahypothalamic CRF and
other brain stress systems. This pertur-
bation in brain and neuroendocrine
stress systems may have significant
implications regarding motivation for
alcohol self-administration.

Role of CRF in Stress
Associated With Alcohol
Dependence and Withdrawal

CRF is a 41 amino-acid neuropeptide
that is distributed widely throughout
the mammalian brain. It is found in
high concentrations in the paraventricular
nucleus of the hypothalamus where it
acts to regulate HPA axis activity, which
is critical for orchestrating behavioral
and physiological responses to stress.
CRF-containing neurons also are found
in many brain regions outside the HPA
axis, including an extensive network of
interconnected neural structures (e.g.,
amygdala, bed nucleus of the stria ter-
minals, and prefrontal cortex) that are
intimately associated with the brain’s

reward and stress pathways. The actions
of CRF (and of the related peptides
urocortin I, II, and III) are modulated
by CRF-binding protein and mediated
through interaction with two receptors
known as excitatory G-protein-coupled
receptors (i.e., CRF1 and CRF2 receptors)
(Bale and Vale 2004). These receptors
are distributed in overlapping yet dis-
tinct patterns within the brain’s reward
and stress circuits. This anatomical dis-
tribution of CRF and its associated
binding sites is congruent with the
importance of both hypothalamic and
extra-hypothalamic CRF in processing
and regulating central, autonomic, and
emotional/behavioral responses to stress
as well as to rewarding stimuli/events,
including alcohol and other drugs of
abuse (Bruijnzeel and Gold 2005;
Ryabinin et al. 2002).
A large body of evidence indicates
that CRF plays a significant role in
alcohol (and other drug) addiction
(Heilig and Koob 2007; Koob and
Zorrilla 2010; Lowery and Thiele 2010).
Chronic alcohol exposure can alter
CRF neurotransmission as evidenced
by withdrawal-related HPA axis activa-
tion and long-lasting dysregulation
(Adinoff et al. 1990; Rivier 2000). In
addition, time-dependent changes in
extracellular levels of extra-hypothalamic
CRF occur during withdrawal (Merlo
Pich et al. 1995; Olive et al. 2002;
Zorrilla et al. 2001). Numerous studies
have shown that such changes in brain
CRF activity have important ramifica-
tions regarding alcohol self-administra-
tion. For example, CRF infusion into
the brain ventricles3 reduces voluntary
alcohol intake in rats (Bell et al. 1998;
Thorsell et al. 2005). Likewise, mice
genetically engineered to produce higher-
than-normal CRF levels (i.e., CRF
transgenic mice) exhibited reduced vol-
untary alcohol intake compared with
nontransgenic control animals (Palmer
et al. 2004), whereas CRF-deficient
mice showed the opposite effect (i.e.,
increased alcohol drinking) (Olive et
al. 2003). Also, there is evidence that
basal differences in brain CRF expression
may relate to genetically determined

differences in the propensity to drink
(Ehlers et al. 1992; Hayes et al. 2005).
Indeed, a strong genetic influence on
stress–alcohol interactions is related to
the role of CRF in mediating stress
responsiveness as well as alcohol drink-
ing and risk for dependence. Recent
studies in humans, monkeys, and rats
have suggested that an association exists
between certain gene variants involving
only a single DNA building block 
(i.e., single nucleotide polymorphisms
[SNPs]) of the CRF and CRF1 recep-
tor genes and alcohol drinking (Barr et
al. 2008, 2009; Blomeyer et al. 2008;
Chen et al. 2010; Schmid et al. 2010).
For example, studies in rhesus macaque
monkeys have shown that SNPs in 
various components of the regulatory
region (i.e., promoter) for the gene
encoding CRF (i.e., the Crh gene)
affected several stress- and alcohol-
related behaviors. Thus, a SNP in the
glucocorticoid response element region
of the Crh promoter (Crh-2232
C→G) predicted bold behavior and
high-risk drinking, whereas a SNP in
the cAMP response element region of
the Crh promoter (Crh-248 C→G)
conferred augmented stress reactivity
and elevated alcohol drinking, but only
with a history of early stress/trauma
(Barr et al. 2008, 2009). In a longitu-
dinal human study, a history of early
childhood stress/trauma events interacted
with two SNPs in the gene encoding
the CRF1 receptor (i.e., the CrhR1
gene) that were associated with earlier
age for drinking onset as well as heavier
drinking at young adulthood (Blomeyer
et al. 2008; Schmid et al. 2010). In
another clinical study, several other
SNPs in the CrhR1 gene were associated
with the height (i.e., amplitude) of a
component P3 of a brainwave known
as an event-related potential (ERP)4 as
well as with an alcohol dependence
diagnosis (Chen et al. 2010).
Additional evidence for the relationship
between genetic variation in the CrhR1
gene and vulnerability to alcoholism
comes from a study in rats (Hansson et
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3 The ventricles are large cavities in the brain filled with cere-
brospinal fluid, which bathes the central nervous system and plays
a crucial role in maintaining a stable environment for the brain.
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al. 2006). These investigators examined
the relationship of CrhR1 expression in
brain and stress reactivity as well as the
ability of stress to reinstate alcohol-seeking
behavior in rats that were selectively
bred for high alcohol preference over
many generations (i.e., Marchigian-
Sardinian Preferring [msP] rats) and in
control rats (i.e., outbred Wistar rats).
The msP rats showed elevated CrhR1
expression in several limbic brain regions
(e.g., several sub-regions of amygdala
and hippocampus) as well as greater
behavioral stress reactivity and greater
sensitivity to stress-induced reinstate-
ment of alcohol responding. This latter
effect was blocked by an agent that can
interfere with the activity of the CRF1
receptor (i.e., the CRF1 receptor antag-
onist antalarmin) in msP rats but not
Wistar rats. Also, a sequence variation
in the promoter region of CrhR1 was
more commonly found in msP rats com-
pared with the control rats. Collectively,
these findings indicate that genetic
variations in the Crh and the CrhR1
genes interact with stressful life events
to influence age of drinking onset, 
progression of heavy drinking in adult-
hood, and general vulnerability to
alcohol dependence.
Changes in CRF activity resulting
from chronic alcohol exposure appear
to be key to the emergence of affective-
related withdrawal symptoms that may
be especially relevant in promoting
excessive drinking and enhanced sus-
ceptibility to relapse. For example,
increased anxiety associated with alcohol
withdrawal is reduced by administration
of non-selective CRF receptor antago-
nists into the ventricles (Baldwin et al.
1991; Valdez et al. 2003) or the central
nucleus of the amygdala (Rassnick et
al. 1993). Selective CRF1 receptor
antagonists administered not directly
into the brain (i.e., systemically) pro-
duced similar effects, suggesting that
withdrawal-related anxiety is mediated
by CRF1 receptors (Breese et al. 2005;
Sommer et al. 2008), although a role

for CRF2 receptors cannot be ruled out
(Valdez et al. 2004). 
Studies using operant reinstatement
procedures also have demonstrated an
important role for CRF in mediating
the ability of stress to trigger relapse-like
behavior. For example, CRF antagonists
can prevent stress-induced increases in
alcohol-seeking behavior (Gehlert et al.
2007; Le et al. 2000; Liu and Weiss
2002; Marinelli et al. 2007). This
effect appears to be mediated by extra-
hypothalamic CRF activity, because
removal of the adrenal glands (i.e.,
adrenalectomy) with or without corti-
costerone supplementation did not
affect reinstatement of alcohol respond-
ing induced by foot-shock stress (Le et
al. 2000). Direct infusion of a CRF
antagonist into a brain structure, the
median raphe nucleus, blocked stress-
induced alcohol seeking behavior (Le
et al. 2002). Taken together, this body
of evidence suggests that stress associated
with alcohol dependence produces 
significant changes in CRF function
within the brain and neuroendocrine
systems that may directly, and/or by
mediating withdrawal-related anxiety
and stress/dysphoria responses, influ-
ence motivation to engage in alcohol
self-administration.

Alcohol Dependence, Stress,
and Drinking

Alcohol dependence long has been
postulated to play a significant role in
driving and maintaining excessive
drinking. Numerous studies involving
rodents have demonstrated that alcohol-
dependent animals consume increasing
amounts of alcohol if they are given
free choice between water and an alcohol
solution or if they are rewarded with
alcohol after performing a certain task
(i.e., in operant conditioning proce-
dures). In most cases, dependence has
been induced by delivering alcohol
vapor via inhalation chambers. For
example, one mouse model of depen-
dence and relapse drinking has demon-
strated that repeated cycles of chronic
alcohol exposure delivered by inhalation

result in an escalation of voluntary
alcohol drinking (Becker and Lopez
2004; Lopez and Becker 2005). More
detailed analysis of the pattern of alcohol
consumption revealed that dependent
mice not only consumed greater overall
amounts of alcohol compared to non-
dependent mice, but also the rate of
consumption was faster and progressively
increased over successive withdrawal
test periods (Griffin et al. 2009b). This
escalation of alcohol consumption in
dependent mice produced significantly
higher and more sustained blood and
brain alcohol levels compared with
that achieved by more modest (stable)
intake in nondependent mice (Griffin
et al. 2009b). Additionally, increased
numbers of cycles of chronic intermit-
tent alcohol exposure resulted in
greater and longer lasting enhancement
of voluntary alcohol drinking (Griffin
et al. 2009a; Lopez and Becker 2005).
Importantly, this effect appeared spe-
cific to alcohol because the animals
exhibited no changes in water intake
or consumption of palatable fluids,
including sucrose and saccharin solu-
tions (Becker and Lopez 2004; Lopez
et al. 2012). Other investigators have
reported similar results using inhalation
procedures in mice (Dhaher et al. 2008;
Finn et al. 2007) and rats (Rimondini
et al. 2002; Sommer et al. 2008).
Likewise, studies using operant proce-
dures have demonstrated increased
alcohol self-administration in mice
(Chu et al. 2007; Lopez et al. 2006)
and rats (Gilpin et al. 2009; O’Dell et
al. 2004b; Roberts et al. 2000) with a
history of repeated chronic intermittent
alcohol exposure. Additional evidence
indicates that repeated alcohol exposure
enhances the reinforcing efficacy of
alcohol (Brown et al. 1998; Lopez et
al. 2008). Studies in mice and rats further
have demonstrated that significant
escalation of alcohol self-administration
is facilitated when chronic alcohol
vapor exposure to induce dependence
occurs intermittently rather than con-
tinuously (Lopez and Becker 2005;
O’Dell et al. 2004b). These latter findings
suggest that stress associated with
chronic alcohol exposure and, in par-

4 ERPs are spikes in brain activity that occur in response to a specific
signal, and the P3 wave is one component of such an ERP. The P3
amplitude is considered a marker for sensory processing and cogni-
tive function, and a purported substitute indicator (i.e., endopheno-
type) for risk of alcoholism and other disinhibitory disorders.
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ticular, repeated experience with alcohol
withdrawal is crucial for the enhanced
motivation to consume alcohol.
Indeed, several studies have demon-
strated that dependence models involving
chronic intermittent alcohol exposure
constitute potent stressors, as evidenced
by initial activation and subsequent
dysregulation of HPA axis activity
(Lopez et al. 2010; Richardson et al.
2008). More specifically, increased
cycles of chronic intermittent alcohol
exposure appeared to blunt HPA axis
activation, as measured by reduced lev-
els of plasma corticosterone (Lopez et
al. 2010). This reduced HPA response
was observed just prior to withdrawal
and at peak withdrawal in a mouse
model of alcohol dependence. Recent
studies suggest that this dampening 
of HPA axis activity may relate to
enhanced activity of receptors for the
neurotransmitter g-aminobutyric acid
(i.e., increased GABAA receptor func-
tion) (Li et al. 2011) and/or reduced
number of CRF-releasing neurons
(Silva et al. 2009) in the paraventricu-
lar nucleus of the hypothalamus. These
stress-related adaptations produced by
chronic alcohol exposure and with-
drawal may underlie the long-lasting
dampening of basal and stress-stimu-
lated HPA axis activity that has been
observed in abstinent alcoholics
(Adinoff et al. 1990; Lovallo et al.
2000; Rasmussen et al. 2000). 
In addition to engendering elevated
drinking and perturbations in HPA
axis function, prolonged alcohol exposure
also enhances behavioral responsive-
ness to stress. For example, rats exhibit
increased stress responsiveness following
withdrawal from chronic alcohol expo-
sure, as measured by several experimen-
tal procedures that provoke behavioral
measures of stress/anxiety, such as
reduced social interaction in a novel
environment, reduced exploration in
threatening circumstances (e.g., open,
brightly illuminated spaces), and
greater electroshock-induced suppression
of ongoing behavior (Breese et al. 2005;
Gehlert et al. 2007; Sommer et al.
2008). Thus, whereas prolonged alcohol
exposure and withdrawal experiences

lead to disturbances in homeostatic
regulation of HPA axis function,
behavioral sensitization to stress may
be critical in rendering subjects more
vulnerable to relapse and return to
uncontrolled, harmful levels of alcohol
consumption. Indeed, experimental
evidence suggests that stress can provoke
relapse-like behavior and increase alcohol
drinking more easily in subjects with a
history of dependence (Liu and Weiss
2002; Sommer et al. 2008).

Mechanisms Underlying the
Alcohol Dependence–
Stress–Drinking Relationship
The mechanisms by which stress asso-
ciated with chronic alcohol exposure
and withdrawal influences excessive
drinking and increased relapse vulnera-
bility are not fully understood, but several
pathways have been suggested.

Role of Corticosteroids. Elevated
glucocorticoid levels resulting from
dependence-related HPA axis activation
may contribute to amplified motivation
to drink through an interaction with
the brain’s reward system, the mesocorti -
colimbic reward circuitry (Piazza and
Le Moal 1997). Central and systemic
administration of corticosterone has
been shown to increase alcohol
consumption, whereas adrenalectomy
or administration of a corticosteroid
synthesis inhibitor (i.e., metyrapone)
decreased alcohol intake in rodents
(Fahlke et al. 1995, 1996). Likewise,
a glucocorticoid receptor antagonist
(i.e., mifepristone) reduced alcohol
self-administration behavior (Koenig
and Olive 2004). Furthermore,
mifepristone administered systemically
or into the central nucleus (but not
the basolateral nucleus) of the amygdala
attenuated stress-induced reinstatement
of alcohol seeking behavior (Simms et
al. 2012).
Chronic corticosterone exposure in
rats also can reduce sensitivity to the
subjective (i.e., discriminative stimulus)
effects of alcohol (Besheer et al. 2012).
A similar outcome also has been reported
following chronic alcohol exposure and

withdrawal in mice (Becker and Baros
2006). These results suggest that fol-
lowing chronic alcohol exposure and
withdrawal, blunted subjective feed-
back regarding intoxication (possibly
related to changes in HPA axis activity)
may act as a permissive factor promot-
ing higher levels of drinking. Studies 
in mice and rats also have shown that
withdrawal following prolonged alcohol
consumption produced elevated corti-
costerone levels in certain brain regions
(i.e., the prefrontal cortex and hip-
pocampus) that persisted long after
plasma corticosterone levels returned
to baseline levels (Little et al. 2008).
Elevations in brain glucocorticoid con-
centrations following chronic alcohol
exposure and withdrawal not only may
have significant implications for moti-
vation to drink, but also may con-
tribute to the cognitive deficits and
neurotoxic damage that is commonly
associated with alcohol dependence
(Rose et al. 2010). 

Role of Neuroactive Steroids. HPA
axis activity also can influence brain
activity through the actions of molecules
known as neuroactive steroids.
Neuroactive steroids are endogenous
neuromodulators that interact with
several neurotransmitter systems via
rapid membrane action (as opposed
to other steroid molecules that act 
via slower intracellular genomic
mechanisms) (Genazzani et al. 1998;
Patchev et al. 1994, 1996). Among
the neuroactive steroids, compounds
3α,5α-THDOC and 3α,5α-THP, 
or allopregnanolone, which are the
3α,5α-reduced metabolites of
deoxycorticosterone and progesterone,
respectively, are the most potent positive
modulators of GABAA receptors.
These compounds produce anxiolytic,
anticonvulsant, and sedative/hypnotic
effects similar to other positive
modulators of the GABAA receptor,
including alcohol (Khisti et al. 2002;
Morrow et al. 2001; Rupprecht and
Holsboer 1999). Additionally, these
neuroactive steroids can modulate a
variety of alcohol effects, including
anticonvulsant, anxiolytic, ataxic/
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sedative, and cognitive-impairing
effects, as well as the discriminative
stimulus and reinforcing effects of
alcohol (Khisti et al. 2002; Morrow
et al. 2001). 
Both alcohol and stress increase
plasma and brain concentrations of
neuroactive steroids in rodents (Barbaccia
et al. 1999, 2001; Finn et al. 2010).
This increase appears to be mediated
by activation of the HPA axis because
the increase in neuroactive steroid levels
elicited by these stimuli can be blocked
by disruption of the HPA axis via
adrenalectomy (O’Dell et al. 2004a;
Purdy et al. 1991). Alcohol and stress
also have been reported to produce ele-
vations in plasma concentrations of
neuroactive steroids in humans, but
the effects are not entirely consistent
(Holdstock et al. 2006; Pierucci-Lagha
et al. 2006; Torres and Ortega 2003,
2004). Chronic alcohol exposure also
can alter brain and plasma levels of
neuroactive steroids in rodents and
humans (Cagetti et al. 2004; Janis et
al. 1998; Morrow et al. 2009; Romeo
et al. 1996). Such neuroadaptive changes
in activity of neuroactive steroids may
enhance the motivational effects of
alcohol, perhaps by modifying the
expression and/or function of GABAA
receptors (Biggio et al. 2007; Finn et
al. 2010; Morrow et al. 2001; Purdy et
al. 2005) and/or through interactions
with CRF (Genazzani et al. 1998;
Patchev et al. 1994, 1996). In fact, in 
a mouse model of chronic intermittent
alcohol exposure and withdrawal,
increased drinking was accompanied by
increased expression of allopregnanolone
in the brain (Morrow et al. 2009).
Additional evidence suggests that
changes in activity of neuroactive steroids
play a role in dependence, especially in
the expression of withdrawal symptoms
as well as alcohol drinking (Finn et al.
2010). For example, allopregnanolone
administered systemically (Ford et al.
2005; Sinnott et al. 2002) or directly
into the brain or ventricles (Finn et al.
2007; Janak and Gill 2003; Janak et al.
1998) altered alcohol self-administration
in male rodents in a dose-dependent
manner, with low doses increasing

intake and higher doses reducing con-
sumption. In contrast, female animals
were relatively insensitive to this biphasic
effect of allopregnanlone (Ford et al.
2008), possibly because they have higher
basal levels of allopregnanolone (Finn
et al. 2010). Finally, allopregnanolone
can induce relapse-like behavior in
mice (Finn et al. 2008) and rats (Nie
and Janak 2003). 

Role of CRF. As noted above, numerous
studies have demonstrated a significant
role for altered CRF activity in
dependence-related alcohol drinking.
The mouse model of dependence and
relapse drinking described earlier has
provided evidence for reduced HPA
axis activation and compromised
behavioral response to a stress challenge.
At the same time, additional findings
point to an accentuation of changes
in the expression and release of CRF
in extrahypothalamic brain regions
that are implicated in motivational
effects of alcohol (Doremus-Fitzwater
and Becker 2010; Griffin et al. 2011;
Lopez et al. 2010). The role of CRF
further is emphasized by observations
that a nonselective peptide CRF
antagonist (i.e., D-Phe-CRF12-41)
reduced excessive drinking in dependent
animals when administered into the
brain ventricles (Funk et al. 2007;
Valdez et al. 2002) or into the central
nucleus of the amygdala (Funk et al.
2006a, b). Further, systemic adminis -
tration of selective antagonists for the
CRF1 receptor reduced upregulated
drinking in dependent mice (Chu et
al. 2007) and rats (Funk et al. 2007;
Gehlert et al. 2007; Gilpin et al.
2008a; Roberto et al. 2010; Sommer
et al. 2008). 

Role of Norepinephrine. Stress
associated with alcohol dependence
also includes activation of the locus
coeruleus, a nucleus of cells in the
brainstem that provides most of the
norepinephrine in the brain. This
increase in noradrenergic activity plays
a role in mediating both somatic and
affective aspects of alcohol withdrawal.
For example, studies in animal models

and clinical investigations have demon- 
strated that reducing the overall level
of noradrenergic activity by stimulating
presynaptic autoreceptors with alpha2-
adrenergic agonists (e.g., clonidine,
dexmedetomidine) is effective in amelio- 
rating various symptoms associated
with the excessive activation of the
sympathetic nervous system that is
characteristic of withdrawal. Therefore,
this pharmacological approach may
be useful as an adjunct in the manage -
ment of alcohol detoxification (Muzyk
et al. 2011). Additional evidence
suggests that alcohol dependence–
related changes in brain norepinephrine
activity might influence motivation
to drink. When investigators reduced
norepinephrine activity in the brain
by blocking certain norepinephrine
receptors (i.e., postsynaptic alpha1-
adrenergic receptors) with an
antagonist, prazosin, alcohol consump- 
tion was reduced in both dependent
rats (Walker et al. 2008) and alcohol-
dependent humans (Simpson et al.
2009). Likewise, treatment with
antagonists (e.g., propranolol) for
another type of norepinephrine
receptor (i.e., the beta-adrenoceptor)
also reduced drinking in dependent
rats (Gilpin and Koob 2010).

Roles of Other Stress-Related
Molecules. Studies using animal
models of dependence and withdrawal
also have shown that various other
stress-related neuropeptides and
modulators within the brain’s stress–
reward pathways may help drive
and/or mediate excessive levels of
alcohol drinking. For example, a
molecule, neuropeptide Y (NPY), 
is thought to serve as an anti-stress
mediator, in many cases having
opposite effects to CRF in the brain
(Heilig et al. 1994). Likewise, neuro- 
modulators known as endogenous
opioids play a role in mediating and
regulating endocrine, autonomic, and
behavioral responses to stress (Drolet
et al. 2001). Both the NPY system
(Gilpin et al. 2011; Thorsell et al.
2005a) and the opioid system (Gilpin
et al. 2008a; Walker et al. 2011) have



been implicated in excessive drinking
following chronic intermittent alcohol
exposure. A compound, brain-derived
neurotrophic factor (BDNF), also 
has been implicated in stress and
addiction processes (Briand and
Blendy 2010; Chourbaji et al. 2011;
Davis 2008). Thus, regional changes
in BDNF expression and/or activity
in the brain following chronic alcohol
exposure may play a role in mediating
withdrawal-related anxiety and
regulation of alcohol consumption
(Logrip et al. 2009; Pandey et al.
2006). Finally, other stress-responsive
systems (e.g., adrenergic, Substance P,
and orexin/hypocretin systems) have
been shown to influence alcohol
consumption (Ciccocioppo et al.
2009; Heilig et al. 2010; Sinha et al.
2011), but their role in mediating
excessive drinking associated with
dependence has not been specifically
examined. 

Summary

The bidirectional relationship between
alcohol consumption, particularly alcohol
dependence and withdrawal, and stress
is complex. Clinical and preclinical evi-
dence indicates that chronic alcohol
use and withdrawal experience constitute
potent stressors, leading to HPA axis
activation and long-lasting dysregula-
tion of the neuroendocrine stress
response as well as perturbations in
sympathetic nervous system activity. In
addition, extrahypothalamic CRF activ-
ity is altered following chronic alcohol
exposure and withdrawal, which in
turn influences motivation to drink 
as well as relapse vulnerability. These
observations point to a central role of
CRF in the alcohol dependence–stress
relationship. This pivotal role further is
supported by findings that genetic
variations in genes encoding CRF and
its receptors can influence susceptibility
to alcohol dependence as well as a variety
of stress- and alcohol-related behaviors. 
In addition, changes in CRF activity,
both in the context of the HPA axis
and in extrahypothalamic circuitry,

have been related to the development
of withdrawal symptoms and to the
ability of stress to trigger relapse and
alcohol-seeking behavior. Indeed, research
has demonstrated that a history of
dependence not only promotes escalation
of alcohol consumption, but prolonged
alcohol exposure and withdrawal expe-
rience also result in enhanced respon-
siveness to stress. This enhanced
behavioral sensitivity to stress may
increase an individual’s vulnerability 
to relapse, particularly in stressful situa-
tions, and further exacerbate heavy
drinking associated with dependence.
In order to better understand and,
ultimately, be able to disrupt the detri-
mental relationship between alcohol
consumption, dependence, and stress,
researchers are seeking to elucidate the
mechanisms underlying these complex
relationships. These investigations have
demonstrated that in addition to the
impact that CRF has on the alcohol
dependence–stress relationship, other
factors, such as corticosteroids, neurac-
tive steroids, norepinephrine, and
other stress-related molecules all are
contributing factors. Clearly, more
experimental work focused on identi-
fying neuroadaptive changes within
relevant motivational and stress path-
ways associated with dependence that
promote/mediate excessive drinking is
key to better understanding the com-
plex reciprocal relationship between
stress and alcohol, and conditions in
which stress modulates drinking in the
context of dependence.  ■
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Stress is a critical component in the development, maintenance, and reinstatement of
addictive behaviors, including alcohol use. This article reviews the current state of the
literature on the brain’s stress response, focusing on the hypothalamic–pituitary–
adrenal (HPA) axis. Stress responses can occur as a reaction to physiological (or
systemic) challenge or threat; signals from multiple parts of the brain send input to the
paraventricular nucleus (PVN) within the hypothalamus. However, responses also
occur to stressors that predict potential threats (psychogenic stressors). Psychogenic
responses are mediated by a series of nerve cell connections in the limbic–PVN
pathway, with amygdalar and infralimbic cortex circuits signaling excitation and
prelimbic cortex and hippocampal neurons signaling stress inhibition. Limbic–PVN
connections are relayed by predominantly GABAergic neurons in regions such as the
bed nucleus of the stria terminalis and preoptic area. Chronic stress affects the
structure and function of limbic stress circuitry and results in enhanced PVN
excitability, although the exact mechanism is unvnown. Of importance, acute and
chronic alcohol exposure are vnown to affect both systemic and psychogenic stress
pathways and may be linved to stress dysregulation by precipitating chronic stress–live
changes in amygdalar and prefrontal components of the limbic stress control networv.
Key worDs: addiction; alcohol and other drug–seeking behavior; alcohol use and
abuse; stress; stressor; chronic stress reaction; stress integration; physiological
response to stress; psychogenic stress responses; brain; neural pathways; limbic-
paraventricular pathway; limbic stress control network; hypothalamic–pituitary–
adrenal axis; literature review

adaptation in the face of physical
or psychological adversity is
required for the survival, health,

and well-being of all organisms. Adverse
events, often denoted as “stressors,” 
initiate a diverse physiological response
from multiple sources, including acti-
vation of the hypothalamic–pituitary–
adrenal (HPA) axis.1 The HPA axis 
is responsible for the glucocorticoid
component of the stress response (i.e.,
steroid hormone response; cortisol in
humans, corticosterone in mice and
rats). Glucocorticoid secretion is thought
to contribute to stress adaptation by
causing long-term changes in gene
expression via cognate adrenocorticos-
teroid receptors (i.e., mineralocorticoid
receptor [MR] and glucocorticoid

receptor [GR]). The adrenocorticosteroid
receptors function as ligand-gated tran-
scription factors (De Kloet et al. 1998)
but can also modulate transcription by
interfering with other transcriptional
regulators, such as nuclear factor-kB
(NF-kB) and activator protein-1 (AP-1)
(Webster and Cidlowski 1999).
Glucocorticoids also can have rapid
effects on brain chemistry and behavior
via nongenomic membrane signaling
mechanisms (De Kloet et al. 2008).
Glucocorticoids are thought to contribute
to termination of the initial stress
response (Keller-Wood and Dallman
1984) and to participate in long-term

restoration of homeostasis triggered by
the initial response (Munck et al. 1984).
Glucocorticoid stress responses can

be initiated by physiological perturba-
tions (representing reflexive responses)
or by brain processes linking environ-
mental cues with probable negative
outcomes. The latter so-called “psy-
chogenic” response is anticipatory in
nature and involves brain pathways
responsible for innate defense programs
or memory of aversive events (Herman
et al. 2003). Thus, the psychogenic
response is related to prior experience,
and it is designed to energetically prepare
the organism to either avoid an adverse
outcome or engage in behaviors that
can maximize the potential for survival.

1 For the definition of this and other technical terms, see the
Glossary, pp. 522–524.



Considerable evidence indicates 
that stress systems play a major role in
addictive processes, including alcohol
dependence. For example, exposure to
stress can precipitate relapse or increase
alcohol use (Sinha 2007). Actions of
stress/glucocorticoids on alcohol intake
can be linked to modulation of reward/
stress circuitry, including, for example,
enhancement of dopamine release in the
nucleus accumbens (Sutoo and Akiyama
2002; Yavich and Tiihonen 2000) and
activation of central corticotropin-
releasing factor (CRF) pathways (Heilig
and Koob 2007). Notably, the link
between alcohol intake and stress is
complicated by the fact that exposure
to alcohol, like many drugs of abuse,
causes the release of glucocorticoids
upon exposure and thus can be classi-
fied as an acute “stressor” of sorts (see
Allen et al. 2011).
This article reviews the organization

of neurocircuits that regulate stress
responses, focusing on the HPA axis,
which is of particular relevance to addic-
tive processes (see Marinelli and Piazza
2002). It also discusses areas of inter-
section between stress and reward path-
ways, as these are likely important in
mediating the deleterious effects of stress
on substance abuse and addiction.

circuitry Mediating the
reflexive stress response

The HPA axis is controlled by neurons
within the paraventricular nucleus (PVN)
in the hypothalamus (see figure 1).
These neurons secrete CRF and the
hormone vasopressin into the portal
circulation, which then triggers the
release of adrenocorticotropin hormone
(ACTH) from the anterior pituitary
gland. ACTH travels via the systemic
circulation to reach the adrenal cortex,
wherein glucocorticoids are synthesized
and released (see Herman et al. 2003).  
Reflexive stress responses occur during

emergencies (e.g., infection, starvation,
dehydration, or shock), when the brain
must respond to a substantial challenge
to homeostasis by mobilizing the HPA
axis. Sensory information is communi-

cated to the PVN by first- or second-
order neurons, generating a direct acti-
vation of CRF release (see Herman et
al. 2003). For example, low blood
pressure associated with blood loss is
relayed via sensory nerves to brainstem
neurons in the A2 catecholaminergic
cell group (Palkovits and Zaborszky
1977), which then project directly to
the PVN (Cunningham and Sawchenko
1988) and rapidly elicit noradrenergic
activation of CRF neurons (Plotsky et
al. 1989). 
In addition to neural pathways,

information on changes in physiological
state also may be relayed via circulating
factors that bind to areas outside the
blood–brain barrier. For example,

peripheral increases in the hormone
angiotensin II (signaling dehydration)
are sensed by receptors in the subfornical
organ (which is located outside the
blood–brain barrier and regulates fluid
balance), which sends direct angiotensin
II projections to the PVN CRF neurons,
facilitating HPA activation (Plotsky et
al. 1988). Some peripheral stimuli,
such as inflammation, produce factors
that can signal by multiple mechanisms;
for example, the proinflammatory
cytokine interleukin 1-b seems to activate
the HPA axis via sensory nerve fibers
in the vagus nerve; the area postrema,
which is outside the blood–brain bar-
rier; and perivascular cells in the region
of the A2 cell group (Ericsson et al.
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Figure 1  Schematic of the hypothalmic–pituitary–adrenal (HPA) axis of the rat. HPA responses
are initiated by neurosecretory neurons of medial parvocellular paraventricular
nucleus (mpPVN), which secretes adrenocorticotropin (ACTH) secretagogues 
such as corticotropin-releasing factor (CRF) and arginine vasopressin (AVP) in the
hypophysial portal circulation at the level of the median eminence. These secreta-
gogues promote release of ACTH into the systemic circulation, whereby it promotes
synthesis and release of glucocorticoids at the adrenal cortex.  
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1997; Lee et al. 1998; Wieczorek and
Dunn 2006).
Drugs of abuse also may produce 

an initial corticosterone response via
brainstem PVN-projecting pathways.
For example, initial exposure to alco-
hol causes ACTH and corticosterone
release, consistent with alcohol acting
as an unconditioned stimulus (Allen et
al. 2011). Acute HPA axis activation
by alcohol is mediated by brainstem
noradrenergic systems (Allen et al.
2011). However, chronic exposure to
alcohol significantly blunts HPA axis
activation to acute alcohol exposure
(Rivier 1995), suggesting that, to some
degree, direct HPA excitatory effects of
alcohol use habituate over time.

circuitry subserving
anticipatory stress 
responses: The limbic 
stress-control Network

Because true physiologic “emergencies”
are relatively rare, the vast majority of
stress responses are anticipatory in
nature, involving interpretation of the
threat potential of environmental stim-
uli with respect to previous experience
or innate programs. Anticipatory stress
responses are largely controlled by lim-
bic forebrain structures, such as the
hippocampus, medial prefrontal cortex
(mPFC), and amygdala (see Ulrich-Lai
and Herman 2009). These structures
all receive processed sensory informa-
tion and are involved in regulation of
emotion, reward, and mood. 
Brain lesion and stimulation studies

indicate that the hippocampus inhibits
the HPA axis. Electrical stimulation of
the hippocampus decreases glucocorti-
coid release in rats and humans. Damage
to the hippocampus, or the nerves 
carrying impulses away from it (i.e.,
lateral fornix), cause exaggerated responses
to psychogenic stressors (e.g., restraint)
and manifest as a prolonged return to
baseline glucocorticoid levels (for primary
references, see Herman et al. 2003;
Jacobson and Sapolsky 1991). Some
data suggest that the hippocampus also
inhibits basal HPA axis activity, but

this is not universally observed (Herman
et al. 2003; Jacobson and Sapolsky
1991). The effects of hippocampal
damage on psychogenic HPA axis
stress responses can be localized to the
ventral subiculum (vSUB), the main
subcortical output of the ventral hip-
pocampus (Herman et al. 2003). Discrete
lesions of the vSUB in rats enhance PVN
CRF peptide and mRNA expression
and increase corticosterone release and
PVN activation (as determined by induc-
tion of FOS mRNA expression) in
response to restraint (Herman et al. 1998).  
The effect of the vSUB on stress reg-

ulation is stressor specific. Lesions of
the vSUB prolong HPA axis responses
to novelty but do not affect reflexive
responses (e.g., to ether inhalation)
(Herman et al. 1998). Some evidence
suggests that glucocorticoids play a role
in hippocampal inhibition of anticipa-
tory responses, as lesions can block
feedback inhibition of the HPA axis by
the synthetic steroid dexamethasone
(Magarinos et al. 1987). In addition,
mice with forebrain GR deletions,
including the hippocampus, have exag-
gerated responses to restraint and nov-
elty (but not hypoxia) and impaired
dexamethasone suppression of corti-
costerone release (Boyle et al. 2005;
Furay et al. 2008). Together, the data
indicate that the hippocampus is specifi-
cally engaged in regulation of responses
to psychogenic stressors, in keeping
with its role in cognitive processing
and emotion.
Unlike the hippocampus, the amyg-

dala is associated with excitation of the
HPA axis. Amygdalar stimulation pro-
motes glucocorticoid release, whereas
large lesions of the amygdaloid complex
reduce HPA axis activity (see Herman
et al. 2003). However, there is a marked
subregional specialization of stress-inte-
grative functions within the amygdala.
The central nucleus of the amygdala
(CeA) is highly responsive to homeo-
static stressors, such as inflammation
and blood loss (Dayas et al. 2001;
Sawchenko et al. 2000). Lesions of the
CeA attenuate HPA axis responses to
these types of stimuli but not to restraint
(Dayas et al. 1999; Prewitt and Herman

1997; Xu et al. 1999). In contrast, the
medial nucleus of the amygdala (MeA)
shows preferential FOS responses to
stimuli, such as restraint (Dayas et al.
2001; Sawchenko et al. 2000). Lesions
of the MeA reduce HPA axis responses
to restraint and light and sound stimuli
but not to systemic injection of the
protein interleukin 1-b or ether inhala-
tion (Dayas et al. 1999; Feldman et 
al. 1994). Thus, it seems that reflexive
and anticipatory responses may be 
regulated in part by discrete amyg-
daloid circuitry.
The mPFC seems to have a complex

role in stress regulation. All divisions of
the rodent PFC are robustly activated
by acute stress. However, the physio-
logical consequences of stress activation
seem to vary by region. The prelimbic
division of the mPFC (PL) is important
in stress inhibition because numerous
studies have shown that damage to this
region prolongs HPA axis responses 
to acute psychogenic (but not homeo-
static) stressors (Diorio et al. 1993;
Figueiredo et al. 2003; Radley et al.
2006), whereas stimulation inhibits
stress responses (Jones et al. 2011).
The mPFC seems to be a site for glu-
cocorticoid feedback of HPA responses
because local glucocorticoid implants
inhibit anticipatory (but not reflexive)
responses to stressors (Akana et al.
2001; Diorio et al. 1993). In contrast,
lesions directed at the more ventral
infralimbic PFC (IL) have a markedly
different physiological effect. Damage
to the IL decreases autonomic responses
to psychogenic stressors (Tavares et al.
2009) and also attenuates PVN FOS
activation in response to restraint
(Radley et al. 2006). Thus, the PL 
and IL seem to have opposing effects
on stress integration.  

running the relay: limbic–PVN
Networks

Stimulation of the PVN by the hip-
pocampus, prefrontal cortex, and
amygdala is quite limited. Therefore,
regulation of HPA axis output by these
structures requires intermediary



synapses (see figure 2). Studies that
trace projections from one part of the
brain to another (i.e., tract-tracing stud-
ies) reveal the potential for bisynaptic
limbic–PVN connections traversing a
number of subcortical regions, including
the bed nucleus of the stria terminalis
(BNST), dorsomedial hypothalamus,
medial preoptic area, and peri-PVN
region (including the subparaventricular
nucleus) (Cullinan et al. 1993; Prewitt
and Herman 1998; Vertes 2004). Dual-
tracing studies indicate that nerves car-
rying impulses away from the vSUB,
MeA, and CeA (i.e., efferent nerves)
directly contact PVN-projecting neurons
in these regions, consistent with func-
tional interconnections (Cullinan et al.
1993; Prewitt and Herman 1998).  
The differential effects of PL and IL

on stress effector systems may reflect
their marked divergence in subcortical
targets. The PL has substantial projec-
tions to reward-relevant pathways,
including the nucleus accumbens and
basolateral amygdala, as well as the
posterior BNST, which is linked to HPA
axis inhibition. In contrast, the IL has
rich interconnections with regions
involved in autonomic regulation,
including the CeA, nucleus of the soli-
tary tract (NTS), anteroventral BNST,
and dorsomedial hypothalamus (Vertes
2004). Thus, it is probable that the net
effect of PFC stress activation requires
subcortical integration of PL and IL
outflow. 
Of note, mPFC, hippocampal, and

amygdalar efferents tend to be concen-
trated in regions sending γ-aminobutyric
acid (GABA)-carrying projections to
the PVN (see figure 2). Indeed, the
vast number of sub-innervated PVN-
projecting neurons are GABAergic in
phenotype. Projection neurons of the
vSUB (as well as the mPFC) are gluta-
matergic in nature, thus suggesting that
these cells engage in transsynaptic inhi-
bition of the PVN following activation
by stress. In contrast, the projection
neurons of the MeA and CeA are pre-
dominantly GABAergic, suggesting
that amygdalar excitation of the PVN
is mediated by disinhibition, involving

sequential GABA synapses (Herman et
al. 2003).
The BNST is of particular interest,

in that it receives inputs from all of the
major limbic stress-integrative struc-
tures (CeA, MeA, vSUB, IL, and PL)
(Cullinan et al. 1993; Dong et al. 2001;
Vertes 2004). Of note, different BNST

subregions seem to be responsible for
inhibition versus excitation of HPA
axis stress responses. For example, lesions
of the posterior medial region of the
BNST increase the magnitude of ACTH
and corticosterone release and PVN FOS
activation (Choi et al. 2007), implying
a role in central integration of stress
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Figure 2  Schematic of limbic stress-integrative pathways from the prefrontal cortex, amygdala
and hippocampus. The medial prefrontal cortex (mPFC) subsumes neurons of the
prelimbic (pl) and infralimbic cortices (il), which appear to have different actions 
on the hypothalmic–pituitary–adrenal (HPA) axis stress response. The pl sends 
excitatory projections (designated as darv circles, filled line with arrows) to regions
such as the peri-PVN (peri-paraventricular nucleus) zone and bed nucleus of the
stria terminalis (BNST), both of which send direct GABAergic projections to the medial
parvocellular PVN (delineated as open circles, dotted lines ending in squares). This
two-neuron chain is lively to be inhibitory in nature. In contrast, the infralimbic cortex
projects to regions such as the nucleus of the solitary tract (NTS) and the anterior
BNST, which sends excitatory projections to the PVN, implying a means of PVN 
excitation from this cortical region. The ventral subiculum (vSUB) sends excitatory
projections to numerous subcortical regions, including the posterior BNST, peri-PVN
region (including the subparaventricular zone [sPVN], medial preoptic area [POA]
and ventrolateral region of the dorsomedial hypothalamic nucleus [vlDMH]), all of
which send GABAergic projections to the PVN and are lively to communicate 
transsynaptic inhibition. The medial amygdaloid nucleus (MeA) sends inhibitory 
projections to GABAergic PVN-projecting populations, such as the BNST, POA and
sPVN, eliciting a transsynaptic disinhibition. A similar arrangement lively exists for the
central amygdaloid nucleus (CeA), which sends GABAergic outflow to the ventrolateral
BST and to a lesser extent, the vlDMH. The CeA also projects to GABAergic neurons 
in the NTS, which may disinhibit ascending projections to the PVN.
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inhibition. Lesions of the anteroventral
component of the BNST also enhance
stress responses (Radley et al. 2009). In
contrast, larger lesions of the anterior
BNST reduce HPA axis stress responses
(Choi et al. 2007), consistent with a
role for this region in stress excitation.
Thus, the role of the BNST in stress
inhibition versus activation is compart-
mentalized and may be associated with
differences in limbic targeting of indi-
vidual subregions of the BNST. For
example, the posterior medial BNST
receives heavy innervation from the
vSUB and MeA, whereas the anteroven-
tral region receives input from the CeA
and most of the IL efferents (Canteras
and Swanson 1992; Cullinan et al.
1993; Dong et al. 2001; Vertes 2004).  
The medial preoptic area and peri-

PVN regions are heavily populated
with GABAergic neurons and seem 
to primarily modulate stress inhibition
(Herman et al. 2003). Neurons in
these regions are believed to provide
tonic inhibition to the PVN, which
can be adjusted in accordance with
glutamate inputs from the vSUB
(enhanced inhibition) or GABAergic
inputs primarily from the MeA (disin-
hibition). Lesions of the medial preoptic
nucleus increase HPA axis stress responses
and block HPA axis responses elicited
by medial amygdalar stimulation, sug-
gesting a primary role in stress inhibition
(for primary references, see Herman et
al. 2003). Local inhibition of glutamate
signaling in the peri-PVN region also
enhances HPA axis stress responses
(Ziegler and Herman 2000), suggesting
that limbic axons terminating in this
region may modulate PVN activation.
It is more difficult to pinpoint the

role of other hypothalamic regions link-
ing limbic efferents to the PVN, such
as the dorsomedial nucleus (Herman 
et al. 2003). For example, conflicting
results are observed following lesion,
activation, or inactivation of this dor-
somedial hypothalamus, possibly because
of heavy mixing of glutamate and
GABA neuronal populations (Herman
et al. 2003).  
Additional potential relays remain to

be fully explored. For example, the

raphe nuclei and NTS innervate the
PVN, are targeted by limbic structures
(such as the PL) (see Vertes 2004) and
are involved in stress excitation by sero-
tonin and norepinephrine (Herman et
al. 2003), respectively. However, as yet,
there are no anatomical studies describing
bisynaptic limbic–PVN relays through
these regions.

circuitry subserving chronic
stress responses

Prolonged or extended exposure to
stress causes long-term upregulation of
the HPA axis, characterized by reduced
thymus weight (attributed to cumulative
elevations in GCs); increased adrenal
size (attributed to increased ACTH
release); increased adrenal sensitivity to
ACTH; facilitated HPA axis responses
to novel stressors; and in some (but 
not all) paradigms/conditions, elevated
basal GC secretion (see Herman et al.
1995; Ulrich-Lai et al. 2006). Changes
in peripheral hormone release are
accompanied by increased PVN CRF
and vasopressin mRNA (Herman et al.
1995), suggesting that HPA upregula-
tion is centrally mediated. In addition,
chronic stress increases glutamatergic
and noradrenergic terminal abutting
PVN CRF neuronal somata and den-
drites, consistent with enhanced excita-
tory synaptic drive (Flak et al. 2009).  
Central mechanisms of chronic HPA

axis activation have yet to be determined.
The role of the limbic forebrain in
stress control suggests that differential
involvement of the PFC, hippocampus,
and amygdala may be responsible for
prolonged drive. Of note, all regions
show significant chronic stress–induced
neuroplastic changes: Dendritic retrac-
tion is evident in hippocampal and
mPFC pyramidal neurons, whereas
dendritic extension is observed in the
amygdala (for primary references, see
Ulrich-Lai and Herman 2009). These
studies are consistent with redistribution
of limbic input to HPA excitatory circuits,
favoring excitation over inhibition. 
Enhanced amygdalar drive is pro-

posed to play a major role in chronic

stress pathology. For example, chronic
stress activates the CeA CRF system,
which has been proposed as a chronic
stress–recruited pathway (Dallman et
al. 2003). However, the CeA does not
seem to be required for the develop-
ment or maintenance of chronic stress
symptoms (Solomon et al. 2010). In
addition, lesions of the MeA also fail to
prevent chronic stress drive of the HPA
axis (Solomon et al. 2010). Thus, the
overall link between amygdalar hyper-
activity and chronic stress–induced
HPA axis dysfunction has yet to be
firmly established.
The paraventricular nucleus of the

hypothalamus (PVT) seems to com-
prise a component of the chronic-stress
pathway. Lesions of the PVT block
chronic stress sensitization of HPA axis
responses to novel stressors (Bhatnagar
and Dallman 1998), suggesting a pri-
mary role in the facilitation process. 
In addition, PVT lesions disrupt the
process of HPA axis habituation to
repeated stressors (Bhatnagar et al.
2002). Taken together, the data suggest
the PVT plays a major role in gating
HPA axis drive in the context of pro-
longed stress exposure. Of note, the
PVT and limbic forebrain sites that
control acute stress responses are inter-
connected (see Vertes and Hoover
2008), allowing for possible coordina-
tion of corticolimbic stress outputs in
this region. The PVT also is positioned
to process information regarding ongo-
ing physiological status, receiving
inputs from orexinergic neurons
(which regulate the release of acetyl-
choline, serotonin, and noradrenaline)
of the dorsolateral hypothalamus
(which plays an integral role in control
of arousal processes) and ascending
brainstem systems involved in auto-
nomic control.
The BNST also is positioned to

integrate information on chronic stress.
Lesions of the anteroventral BNST
attenuate responses to acute stress, but
potentiate facilitation of the HPA axis
by chronic stress (Choi et al. 2008).
These data suggest that this region has
chronicity-dependent roles in HPA
axis control, with presumably different



neural populations recruited in an
attempt to respond to prolonged stress
exposure. Given intimate interconnec-
tivity between the anterior BNST and
mPFC, hippocampus, and amygdala,
it is possible that BNST neurons may
be “reprogrammed” by chronic stress–
induced changes in limbic activity or
innervation patterns.

stress circuitry and alcohol

Readers familiar with the alcohol liter-
ature will no doubt find considerable
overlap between the stress circuitry
described above and brain circuitry
linked to alcohol intake. For example,
considerable data support a role for the
CeA, BNST, and noradrenergic systems
in the maintenance of alcohol depen-
dence (see Koob 2009), suggesting that
the process of addiction is linked to
activation of stress (and HPA axis)
excitatory pathways. Indeed, enhanced
CeA/BNST CRF expression resembles
what would be expected after chronic
stress, leading to the hypothesis that
negative addictive states (e.g., avoidance
of withdrawal) are linked to alcohol-
induced recruitment of chronic stress
circuits (Koob 2009). Conversely, acti-
vation of reward pathways is known to
significantly buffer stress reactivity via
the amygdaloid complex, suggesting a
mechanism whereby the rewarding
effects of alcohol may reduce perceived
stress (Ulrich-Lai et al. 2010).
Alcohol also has profound effects on

medial prefrontal cortical neural activ-
ity, and chronic use is associated with
prefrontal hypofunction (poor impulse
control) in humans (see Abernathy et
al. 2010). The mPFC projects to both
the CeA and BNST and, at least in the
case of the prelimbic region, plays a
prominent role in HPA inhibition. In
combination with the gain of function
seen in amygdalar–BNST circuits, these
observations suggest that chronic alcohol
use causes marked changes across the
limbic stress control network, biasing
the organism for stress hyperreactivity.   
Overall, adequate control of the HPA

axis is a requirement for both short-

and long-term survival. Given that key
control nodes of HPA axis activity are
targeted by alcohol, and that alcohol
itself constitutes a threat, it is not sur-
prising that corticosteroids, the “busi-
ness end” of the axis, have profound
interactions with both behavioral and
physiological regulation of intake. The
overlap between HPA regulatory and
addiction circuits identifies key points
that may be targets for both the long-
term detrimental effects of alcohol
abuse as well as dependence itself. The
importance of circuit overlap is further
underscored by the powerful reciprocal
relationship between life stress and
drinking, which complicates efforts to
establish and maintain abstinence.  ■
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Empirical findings from human laboratory and brain-imaging studies are consistent
with clinical observations and indicate that chronic alcohol-related dysfunction in
emotional and stress responses plays a role in motivation to consume alcohol in
people with alcohol use disorders. Recent findings on differences in stress responsivity
in alcohol-dependent versus nondependent social drinkers demonstrate alterations in
stress pathways that partially may explain the significant contribution of stress-related
mechanisms on craving and relapse susceptibility. These findings have significant
implications for clinical practice, including (1) the development of novel brain and
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It has long been known that stressincreases the risk of alcohol relapse
(Sinha 2001). Clinical observations,

surveys, and epidemiological studies
document an association between self-
reports of stressors and subsequent return
to drinking. Studies assessing alcohol
relapse after treatment completion and
discharge also indicate the contribution
of highly stressful events independent
of alcohol use history that increase the
risk of subsequent relapse (Brown et al.
1990). Furthermore, negative mood
and stress are associated with increased
craving, and high levels of urges to use
alcohol predict relapse (Cooney et al.
2007). However, the mechanisms by
which stress exposure increases alcohol
relapse risk have been elusive, until
recently. The last two decades have
seen a dramatic increase in preclinical
and clinical research to understand psy-
chobiological and neural evidence linking
stress and alcohol consumption. Evidence

suggests that the neural circuits involved
in stress and emotions overlap substan-
tially with the brain systems involved
in drug reward. Chronic alcohol use
can result in neuroadaptive changes in
stress and reward pathways. Such changes
may alter an alcohol-dependent person’s
response to stress, particularly with
respect to stress and emotion regulation
and motivation for alcohol, which in
turn may increase the risk of relapse
(Sinha 2001, 2005). 
To put the stress and alcohol relapse

linkage in the clinical context, the side-
bar presents sample descriptions of an
acute stressful life event and an acute
alcohol-related situation that led to 
subsequent alcohol use in a person
with alcohol dependence. The patient
vignettes are descriptions provided by
patients currently in treatment and refer
to previous experiences and episodes 
of alcohol use and relapse. 

Chronic Alcohol-Related
Changes in Emotion, Stress,
and Motivational Systems 

Converging lines of evidence indicate
that regular and chronic alcohol use is
associated with changes in emotion,
stress, and motivational pathways.
These changes may in turn influence
alcohol craving and relapse risk.
Chronic alcohol use increases stress-
related symptoms and is associated
with increased anxiety and negative
emotions; changes in sleep and appetite;
aggressive behaviors; changes in atten-
tion, concentration, and memory; and
desire/craving for alcohol (Sinha 2001,
2007, 2009). Stress-related symptoms
are most prominent during early absti-
nence from chronic alcohol use, but
some of these changes also have been
documented during active use of specific
drugs. Chronic alcohol abuse and acute
alcohol withdrawal states are associated



with heightened activity in the brain
stress systems, such as increased secretion
of the stress hormones corticotropin-
releasing factor (CRF), norepinephrine,
and cortisol in a number of the brain’s
stress and emotion centers, such as the
hypothalamus1, amygdala, hippocam-
pus, and prefrontal regions (Koob and
Kreek 2007). Chronic alcohol abuse
also alters dopaminergic signaling in
the ventral striatum (VS) and the ven-
tral tegmental area (VTA). And such
changes are associated with increased
alcohol seeking (craving) and alcohol
self-administration in laboratory ani-
mals (Cleck and Blendy 2008; Koob
and Kreek 2007; Koob et al. 2004;
Rasmussen et al. 2006). Further cor-
roboration from human neuroimaging
studies indicates that chronic alcohol
abuse reduces dopamine receptors (i.e.,
D2 receptors) in striatal regions and
dopamine transmission in the frontal
lobe in alcoholics during acute with-
drawal and protracted withdrawal (up
to 3–4 months) (see Volkow 2004 for
review). Functional imaging studies
indicate increased VS activity in response
to alcohol cues and altered brain response
in the amygdala to emotional stimuli
with chronic alcohol use (Gilman and
Hommer 2008; Heinz et al. 2004,
2005; Martinez et al. 2007). 
The biological stress response is

most commonly detected in humans
by activation of the hypothalamic–
pituitary–adrenal (HPA) axis involving
CRF-stimulated release of adrenocorti-
cotropin (ACTH) from the anterior
pituitary, which in turn stimulates the
adrenal glands to release the stress hor-
mone cortisol, which is involved in
mobilizing and regulating the body’s
stress response. The second pathway
involved in the biological stress response
is the autonomic nervous system, 
comprising the sympathetic and the
parasympathetic components. The
sympathetic component mobilizes
arousal by increasing heart rate and
blood pressure; the parasympathetic
component enforces the “brakes” for

sympathetic arousal and functions to
decrease and regulate autonomic func-
tion. Alcohol use stimulates the HPA
axis and initially stimulates the auto-
nomic systems by provoking sympa-
thetic arousal, followed by depressing
such activation (Ehrenreich et al. 1997;
Lee and Rivier 1997). Reductions in
this alcohol-related HPA axis response
(similar to tolerance) has been demon-
strated with regular and chronic alcohol
abuse in animals (Lee and Rivier 1997;
Richardson et al. 2008; Zhou et al.
2000) and in humans (Adinoff et al.
1998, 2005; Wand and Dobs 1991).
Likewise, chronic alcohol abuse

increases physiological arousal as mea-
sured by heart rate but also decreases
heart rate variability, which serves as a
measure of parasympathetic function
(Ingjaldsson et al. 2003; Rechlin et al.
1996; Shively et al. 2007; Thayer and
Sternberg 2006). These data represent
alcohol-induced changes in peripheral
stress pathways, which parallel basic
science findings of alcohol-related
adaptations in central stress systems,
namely the extrahypothalamic CRF
and the noradrenergic pathways that
are indicative of hyperresponsive brain
stress pathways noted in the previous
paragraph (Cleck and Blendy 2008;
Koob and Kreek 2007; Koob 2009;
Rasmussen et al. 2006). These neuro-
chemical changes indicate specific 
dysregulation in the neurochemical
systems that play a role in emotion,
stress, and motivation functions in
alcoholics. Such changes raise the ques-
tion of whether these measures con-
tribute to the high levels of emotional
distress, alcohol craving, and compul-
sive alcohol seeking that may lead to
increased relapse susceptibility.  

Effects of Stress on Alcohol
Craving and Arousal

Drug craving or “wanting” for drug is
a hallmark feature of addiction. It is an
important component in maintaining
addictive behaviors (Dackis and Gold
1985; O’Brien et al. 1998; Robinson
and Berridge 1993, 2000; Tiffany

1990). Chronic alcohol use leads to
changes in the brain reward and moti-
vation pathways that can increase alcohol
craving in the context of alcohol and
alcohol-related stimuli, but also in the
context of stress. In support of these
ideas, a growing literature indicates that
people with alcohol abuse show greater
alcohol craving than social drinkers
(Glautier et al. 1992; Greeley et al.
1993; Kaplan et al. 1985; Pomerleau et
al. 1983; Willner et al. 1998). Further -
more, severity of alcohol use has been
shown to affect the magnitude of cue-
related physiological arousal, compul-
sive alcohol seeking, and stress-related
changes, including alcohol-related
morbidity (Fox et al. 2005; Grusser et
al. 2006, 2007; Rosenberg and Mazzola
2007; Sinha 2008; Yoon et al. 2006).
These data are consistent with large
population-based studies indicating
that the risk of alcohol-related prob-
lems, addiction, and chronic diseases
increases with greater weekly or daily
alcohol and drug use (Dawson et al.
2005; Rehm et al. 2009; Room et al.
2005). Given these responses, the
author’s research examined whether
increases in craving are associated with
altered stress responses that occur with
chronic alcohol use.  
In the clinical context, alcoholic

patients entering outpatient substance
abuse treatment report high levels of
stress and an inability to manage dis-
tress adaptively, thereby increasing the
risk of succumbing to high levels of
drug craving and relapse to drug use
(Sinha 2007). Although patients often
are successful in learning cognitive–
behavioral strategies in treatment,
relapse rates remain high (Brandon et
al. 2007; Sinha 2011). These data sug-
gest possible difficulties in applying
and accessing cognitive–behavioral
strategies in real-world relapse situa-
tions. Thus, to understand the biobe-
havioral mechanisms underlying the
high stress and craving state during
early recovery, the author began to
study this phenomenon in the labora-
tory, using an ecologically relevant
method that models such relapse risk.
This research used two of the most
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common relapse situations—emotionally
stressful situations and alcohol-/drug-
related situations—in order to develop
a comparable method of provoking
stress and the drug-related craving state,
and these are compared to a relaxing
situation that serves as an experimental
control condition to account for the
nonspecific aspects of the experimental
procedures (Sinha 2009). 

Provoking Relapse Situations
and Inducing Alcohol and Drug
Craving in the Laboratory

To assess relapse risk in laboratory studies,
Sinha and O’Malley (1999) targeted
alcohol and drug craving as a primary
outcome measure that is both a com-

mon feature of alcoholism and substance
abuse and also is known to relate to
the disease state (i.e., high amounts of
alcohol use and abuse). The researchers
initially compared a commonly used
standard social stress task (i.e., giving a
speech in front of a video camera with
the potential for a monetary reward)
with 5-minute individualized guided
imagery exposure of each participants’
own recent stressful scenarios. In addicted
individuals, stress imagery elicited mul-
tiple emotions of fear, sadness, and anger
when compared with the stress of pub-
lic speaking, which elicited increased
fear, but no anger and sadness. In addi-
tion, individualized stress imagery
resulted in significant increases in drug
craving, whereas public speaking did
not (Sinha and O’Malley 1999). 

Another study examined stress-
induced and drug-related craving and
physiological responses using individu-
alized scripts of comparable length and
style for stress, drug- related, and neutral-
related situations. Among cocaine-
dependent individuals, the imagery
exposure to stress and nonstress drug
cues resulted in significant increases in
heart rate, salivary cortisol levels, drug
craving, and subjective anxiety, com-
pared with neutral-relaxing cues (Sinha
et al. 2000). Using these methods,
researchers have been able to reliably
induce alcohol and drug craving in
multiple groups of treatment-engaged
cocaine-, alcohol-, and opiate-depen-
dent individuals and also increase the
desire for the drug in healthy social
drinkers (Chaplin et al. 2008; Fox et

Patient Vignettes

These patient descriptions illus-
trate several points about stress
and motivation for alcohol use

that are relevant from a clinical per-
spective. The first vignette is an
example of an interpersonal stress sit-
uation that is a typical precipitant of
relapse. Although patients are less
likely to divulge specific details of
craving situations in a clinical con-
text, the second vignette illustrates
that alcohol cues and increased crav-
ing states also promote anxiety and
stress-related arousal in people who
are alcohol dependent. These clinical
situations raise many questions about
the role of stress in drug seeking and
relapse susceptibility. One such ques-
tion is whether stress and alcohol
cues provoke similar drug craving
states that may be targeted in treat-
ment. Additional research questions
are whether the response to stress and
alcohol-related stimuli differs for
alcohol-dependent and non–alcohol-
dependent people and whether stress
responses and managing stress is

altered as a function of chronic alcohol
use. These vignettes provide anecdotal
evidence; research is needed to address
the question of whether craving and
stress-related arousal are predictive of
relapse outcomes and whether stress
causes relapse. Finally, if stress plays
an important role in both stress- and
cue-related relapse, research is needed
to identify the most beneficial types
of interventions and how clinicians
might use the stress and craving
responses to better address the treat-
ment needs of alcohol-dependent
individuals in early recovery. The
main article addresses each of these
questions to elucidate how stress
increases the risk of alcohol relapse. 

Stressful Situation

This situation was rated as a 10 on 
a 10-point scale of “0 = not at all
stressful,” to “10 = highly stressful—
most you’ve felt recently” and was
narrated by an alcohol-dependent

male patient who had been in recovery
for 5 weeks. The patient is describing
a stressful event that previously led 
to a relapse episode and an alcohol-
related context that led to alcohol use. 

“I remember it was about 4:00 pm
in the afternoon when Kay woke me
up. Her face was red—she looked really
upset. She was holding the phone in
her hand. She was screaming that I
have to call home. I felt tight all over.
My heart was pounding. I rolled out of
bed. My heart was beating faster. She
wants me to call my Dad and tell him
about the accident. I did not want to
call him yet. She kept following me
around the apartment. I tensed up the
muscles all over my body. She is bad-
gering me to call. Wherever I go, she
was behind me with the phone. I
clenched my jaw. I don’t want to face
this now, I was thinking. Just call them
now and get it over with, she kept say-
ing. My heart was racing. Suddenly,
she dialed the number and throws the
phone at me while it is ringing. I am
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al. 2007; Hyman et al. 2007; Sinha et
al., 2003; see Sinha 2009 for review).
In addition, mild to moderate levels 
of physiological arousal and subjective
levels of distress were found to accom-
pany the alcohol/drug craving state
(Sinha 2009).

Stress Dysregulation and
Enhanced Drug Craving in
Addicted Individuals 

As discussed in the previous section,
alcohol-dependent individuals in early
recovery show increased stress and
alcohol cue–induced craving responses.
In a study comparing 4-week abstinent
alcoholics with matched social drinkers

(drinking less than 25 drinks per
month), Sinha and colleagues (2009)
found that the recovering alcoholics
showed greater levels of basal heart rate
and salivary cortisol levels compared
with the control drinkers. Upon stress
and alcohol cue exposure, they showed
greater subjective distress, alcohol craving,
and blood pressure responses but
blunted stress-induced heart rate and
cortisol responses compared with control
subjects (Sinha et al. 2009). Furthermore,
after exposure to stress imagery, alcoholic
patients showed a persistent increase in
alcohol craving, subjective distress, and
blood pressure responses across multiple
time points compared with social
drinkers, suggesting an inability to 
regulate this high alcohol craving and
emotional stress state. These data indi-

cate greater allostatic load in abstinent
alcoholics, which is accompanied by
dysregulated stress responses and high
levels of craving or compulsive seeking
for the preferred drug.  
Together, these data indicate altered

stress responses in alcoholics, and these
alterations also include an enhanced
susceptibility to stress and cue-induced
alcohol seeking, which is not seen in
healthy nonaddicted individuals. In
addition, there are basal alterations in
peripheral markers of stress (i.e., stress
hormones, such as ACTH and cortisol
and in heart rate), indicative of stress-
related dysregulation in the CRF–HPA
axis and in autonomic responses as
measured by basal salivary cortisol and
heart rate responses. These high basal
responses are associated with lower or

gritting my teeth. I put the phone to
my ear. My dad answers the phone. 
I hear his voice. My stomach is in a
knot. I start to have a normal conver-
sation. My fists are clenched. I am
thinking, “How am I going to tell him
about the car accident last night?” I feel
jittery and panicky all over. I am pac-
ing back and forth. Casually I say I
had a car accident last night. I feel hot
all over. He starts screaming, “That’s it!
Pack your bags! You’re coming home!”
There are butterflies in my stomach. I
see Kay burst into tears. I am breathing
faster, gasping for air.  She is listening
to everything he is saying. “What the
hell will I tell your mother? I told her
you’d be safe. Now I put myself on the
line” he is shouting. My head is pound-
ing. Kay is crying, and I can’t do any-
thing about it. I feel stuck. My heart is
pounding. My father says he can’t talk
anymore now and hangs up the phone.
I was so mad, I wanted to smash some-
thing. I slam down the phone. I did
not want to call him. I knew he would
be upset. There is a sinking feeling in
my chest. If I could fix it, make it all

better, I would. I see Kay crying. I get
choked up. I had promised her this
would not happen. I feel so mad at
myself I want to scream. Now I’ve
betrayed her and my Dad.”

Alcohol-Related Situation

“It was a bright and sunny summer
morning in June. M was gone for the
day, and I had the whole day off. I am
out working in the yard. It was a warm
day and I start to feel hot. I sit down
for a break. I’ve done my chores. I’ve
paid the bills and vacuumed out the
pool. I breathe in deeply. My eyes
glance around the yard. I’ve got all the
yard work done as well. It looks nice.
Now I have half a day left. My heart
quickens. I am thinking, ‘is there any-
thing else left to do’. I can’t think of
anything else. I feel warm all over. I sit
back and try to relax. Now I start feel-
ing very hot. I feel very thirsty. It would
be great to have a nice cold beer, I
think. I tighten the muscles of my face
and forehead. I’ve worked hard, I
deserve one, you think. I feel a rush of

excitement inside you. I walk inside
and head toward the refrigerator. My
heart is beating faster. I promised M I
won’t drink. My jaws are tight. The
thoughts start racing through my head–
“She doesn’t need to know.” “She won’t
be home for another four hours.” “She
won’t be able to smell it on my breath
by then.” My hands feel clammy. I
open the fridge and grab an ice cold
can of beer. My mouth starts to water.
Holding that cold can of beer starts to
cool down my whole body. I feel a tin-
gling sensation inside me. I start to
think—I shouldn’t be drinking this.
My stomach is in a knot. I look down
at it—it’s right here in my hand, and 
I deserve it. I wet my lips. Before I
know it, I have cracked it open. I see
the condensation vapor fly into the air.
I can almost taste it now. I am holding
on to the can tightly. I raise the can 
to my lips. I let the beer flow into my
mouth and down my throat. It is so
cold that it makes my teeth ache. It 
goes down quickly. I feel a sense of being
more alive. Now I have a taste for it. 
I can’t wait to have another one.”



blunted stress-related arousal (Sinha et
al. 2009). It is important to note that
these alterations cannot be accounted
for by smoking status or lifetime history
of anxiety or mood disorders and
therefore seem to be related to history
of chronic alcohol abuse. The persis-
tence of emotional distress and alcohol
craving induced by stress and alcohol
cue exposure suggests a dysfunction in
emotion regulatory mechanisms. As
HPA axis responses and autonomic–
parasympathetic responses contribute
to regulating and normalizing stress
responses and regaining homeostasis,
dysfunction in these pathways and
their related central mechanisms may
be involved in perpetuating alcohol
craving and relapse susceptibility.

Laboratory Response to
Relapse Situations and
Subsequent Alcohol Relapse 

An important aspect of modeling hall-
mark addictive symptoms, such as
alcohol craving, in the laboratory is 
to understand the related mechanisms.
Furthermore, researchers should test
the predictive validity of the laboratory
model by examining whether labora-
tory responses predict future drug-use
behaviors and/or real-world clinical
outcomes. Because the laboratory studies
described earlier were conducted with
treatment-engaged alcoholics who were
inpatients at a treatment research unit,
it was possible to assess relapse rates
after discharge. Then researchers could
examine specific markers of the stress
and craving states that are predictive 
of relapse outcomes. They followed the
alcohol-dependent individuals (who
had been in inpatient treatment for 5
weeks) after discharge for 90 days to
assess relapse outcomes. Face-to-face
follow-up assessments were conducted
at 14, 30, 90, and 180 days after dis-
charge from the inpatient unit. The
follow-up rates for these assessments
were 96, 89, 92, and 86 percent,
respectively. 
Initial evidence suggested that labo-

ratory responses to stress- and alcohol-

related stimuli exposure were predictive
of alcohol treatment outcomes. Stress-
induced alcohol craving in the labora-
tory during inpatient treatment was
predictive of number of days of alcohol
used and total number of drinks con-
sumed during the 90-day follow-up
period (Breese et al. 2005). These data
corroborate findings in cocaine abusers,
showing that stress-induced cocaine
craving and HPA arousal are associated
with earlier relapse and more cocaine
use at follow-up (Sinha et al. 2006). In
a more comprehensive analysis of stress
dysregulation, anxiety, alcohol craving,
and subsequent return to drinking,
researchers found clear evidence of stress
dysregulation and alcohol craving relat-
ing to relapse risk (Sinha et al. 2011a).
Alcohol-dependent patients, compared
with the control group, were more
likely to have significant HPA axis 
dysregulation, marked by higher basal
ACTH and higher basal salivary cortisol,
lack of stress- and cue-induced ACTH
and cortisol responses, higher anxiety
after exposure to neutral relaxed and to
alcohol cues, and greater stress- and
cue-induced alcohol craving (Sinha et
al. 2009, 2011a). Stress- and cue-induced
anxiety and stress-induced alcohol
craving were associated with fewer days
in aftercare alcohol treatment. High
alcohol craving to both stress and to
alcohol cue provocation and greater
neutral-relaxed state cortisol/ACTH
ratio (adrenal sensitivity) were each
predictive of shorter time to alcohol
relapse. Although a greater cortisol-to-
ACTH ratio in the stress and alcohol
cue conditions also predicted relapse,
the strongest predictor of relapse was
the neutral relaxed state adrenal sensitivity
(Sinha et al. 2011a). These results
identify a significant effect of high adrenal
sensitivity, anxiety, and increased stress-
and cue-induced alcohol craving on
subsequent alcohol relapse and treatment
outcomes. They also are consistent with
earlier reports of stress system involve-
ment in relapse outcomes in alcoholics.
Negative mood and stress-induced
alcohol craving and blunted stress and
cue-induced cortisol responses have
been associated with alcohol relapse

outcomes (Breese et al. 2005; Cooney
et al. 1997; Junghanns et al. 2003). 
In summary, these findings support 
the involvement of stress-related
pathophysiology in the alcohol relapse
process. Among alcoholics in early recov-
ery, the alcohol-craving state is marked
by anxiety and compulsive motivation
for drugs, along with poor stress regu-
latory responses (i.e., high basal HPA
axis responses but blunted stress HPA
responses), resulting in an enhanced
susceptibility to addiction relapse. 

Brain-Imaging Studies of
Alcoholics’ Responses to
Alcohol Cues and Stress and
Implications for Relapse Risk

Several studies have used brain-imaging
techniques to assess chronic alcohol-
related brain changes and whether 
such changes are associated with alcohol
craving and alcohol use. Neuro- 
anatomically, the cortico–striatal–limbic
brain regions have been most studied
in the context of stress, emotion, and
motivation for alcohol reward. These
regions include the frontal and insular
cortices, the ventral and dorsal stria-
tum, the amygdala, hippocampus, and
thalamic nuclei, and midbrain regions,
such as the VTA and the substantia
nigra. An early study to measure blood
flow with single-photon emission com-
puted tomography found a change in
the caudate nucleus during induction
of craving in alcoholics (Modell and
Mountz 1995). Subsequently, George
and colleagues (2001) found a greater
increase in brain response to alcohol
cues in alcoholics compared with con-
trols in the anterior thalamus and left
dorsal lateral prefrontal cortex using
functional magnetic resonance imaging
(fMRI). Using a memory task during
fMRI, Tapert and colleagues (2001)
found dysfunctional cortical responses
in alcoholics distinct from those of
control subjects. Subsequently, other
imaging studies with alcoholic patients
have shown an increased association
between dorsal striatum regions and
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alcohol craving in response to the pre-
sentation of alcohol-related stimuli
(Grusser et al. 2004; Wrase et al. 2002).
Myrick and colleagues (2004) reported
that alcohol cues produced changes in
the left orbital frontal cortex, anterior
cingulate cortex, and nucleus accum-
bens in alcoholics but not in other
study participants (Myrick et al. 2004). 
Using fMRI, Sinha and colleagues

(2007) compared alcohol-dependent
individuals abstinent from alcohol for
4 weeks with social drinkers to assess
brain structural changes and also func-
tional responses to stress, alcohol cues,
and neutral relaxing guided imagery.
Alcoholic patients showed greater
activity in the ventromedial prefrontal
cortex, the ventral striatum, insula, and
specific regions of the thalamus and
cerebellum during the neutral-relaxing
condition (Sinha 2007; Sinha and Li
2007). These findings indicate that
abstinent alcoholics show overall hyper -
responsivity of the medial prefrontal
and striatal-limbic regions, with no 
differences in brain responses to the
neutral relaxed and stressful cues (Sinha
and Li 2007; Sinha et al. 2007a).
Hyperresponsivity of prefrontal and
striatal-limbic regions is consistent
with an overall kindling2 process, which
blunts the neural informational pro-
cessing responses to stressful stimuli,
resulting in a dysregulated response to
stress in alcoholics (see also review by
Breese et al. 2011).  
Using positron emission tomography

(PET) techniques, researchers have
documented reduced glucose metabolism,
especially in frontal regions during both
acute and protracted alcohol withdrawal
(up to 3 to 4 months) (see Volkow and
Fowler 2000 for review). Alcoholics
also show significant reductions in
dopamine D2 receptors compared 
with nonalcoholics, particularly in
frontal-striatal regions (Volkow and
Fowler 2000). Researchers have reported
significant associations between
dopamine D2 receptor binding in the
ventral striatum and alcohol craving
(Heinz et al. 2004, 2005) as well as
motivation for alcohol self-administration
in alcoholics (Martinez et al. 2005,

2007). To emphasize the importance
of this approach, recent PET studies
have shown significant positive correla-
tions between selected dorsal striatum
brain regions and drug cue–induced
cocaine craving (Volkow et al. 2006;
Wong et al. 2006). These data point 
to alterations in frontal and striatal
regions of the dopaminergic and nora-
drenergic pathways that exist past acute
withdrawal and may be associated with
difficulties in regulating emotions, stress,
and problems selecting goal-directed
adaptive responses as opposed to the
selection of habitual maladaptive
responses such as alcohol consumption.
In addition, the research literature

has documented chronic alcohol-related
structural brain changes, particularly in
frontal, parietal, and temporal cortical
regions associated with stress, emotion,
and cognitive functioning (Cardenas et
al. 2007; Fein et al. 2002; Pfefferbaum
et al. 1995, 1998). More severe gray
matter deficits have been reported in
alcohol relapsers than those who main-
tained abstinence (Pfefferbaum et al.
1998). In a whole-brain analysis, Rando
and colleagues (2011) found signifi-
cantly smaller gray-matter volume in
recently abstinent alcohol-dependent
patients relative to healthy study par-
ticipants in three regions: the medial
frontal cortex, right lateral prefrontal
cortex, and a posterior region sur-
rounding the parietal-occipital sulcus.
Smaller medial frontal and parietal-
occipital gray-matter volume were each
predictive of shorter time to subse-
quent any alcohol use (first lapse) and
to heavy-drinking relapse (Rando et al.
2011). These data suggest that smaller
gray-matter volume in specific medial
frontal and posterior parietal-occipital
brain regions are predictive of an earlier
return to alcohol drinking and relapse
risk, suggesting a significant role for
gray matter atrophy in poor clinical
outcomes in alcoholism. Thus, the
extent of gray-matter volume deficits
in these regions involved in impulse

control, emotion regulation, and
abstraction abilities could serve as use-
ful neural markers of relapse risk and
alcoholism treatment outcome.

Clinical Implications and
Conclusion

The previous sections cite evidence
from clinical, laboratory, and neu-
roimaging studies to examine whether
stress increases the risk of relapse.
Psychobiological and neuroimaging
research points to alcohol-related
changes in brain volume and function
and in biological stress responses.
These alterations were found to con-
tribute to higher craving and increased
alcohol relapse risk. For example, early
abstinence from alcohol is associated
with higher levels of anxiety when
relaxed and when exposed to alcohol
cues, greater emotional distress, and
increased stress- and alcohol cue-
induced craving. These states are
accompanied by disruption in normal
functioning of the peripheral stress
pathways, including the HPA axis and
the autonomic components, which are
involved in mobilizing the body for
action during stress but also in physio-
logical regulation of the stress response.
A lack of normal stress regulation dur-
ing this early abstinence period leaves
the recovering alcoholic highly vulner-
able to high craving, anxiety, and risk
of relapse, particularly under stressful
conditions and when faced with alcohol-
related stimuli in the environment.
The findings discussed indicate that
stress- and cue-induced alcohol craving
increase the risk of subsequent relapse.
High levels of stress- and cue-induced
anxiety are associated with less follow-up
in aftercare during the recovery period.
Furthermore, disrupted functioning of
the HPA axis, particularly in people
who have hyperresponsive cortisol release
from the adrenal cortex in response to
the ACTH signal (cortisol-to-ACTH
ratio as a measure of adrenal sensitivity)
in the neutral relaxed state, increased
the risk of alcohol relapse 2.5 times
more than those with lower cortisol

2 Kindling is a phenomenon in which a weak electrical or chemi-
cal stimulus, which initially causes no overt behavioral responses,
results in the appearance of behavioral effects, such as seizures,
when it is administered repeatedly.



release from the adrenal cortex. Finally,
changes in volume and function of the
brain regions involved in impulse con-
trol and emotion regulation also are
predictive of alcohol relapse outcomes.
Each of these measures could be fur-
ther developed as biomarkers of alcohol
relapse risk (see Sinha 2011). If validated
in future studies, they may be used
clinically to identify people at high risk
of relapse. In addition, the findings
reviewed also indicate that stress-related
pathophysiology is important in the
alcohol relapse process. Thus, individuals
who show chronic alcohol-related effects
on neural, biological, and psychological
aspects of stress and craving could ben-
efit from treatments that target stress
effects on craving and alcohol seeking.
Several novel medications that target
the stress pathways, such as agents that
block CRF, as well as noradrenergic
and GABAergic agents, are being tested
to assess their efficacy in stress-related
relapse (Breese et al. 2011; Sinha et al.
2011b). Development of such treatment
strategies may be of tremendous help in
normalizing stress responses and decreas-
ing alcohol craving so as to improve
relapse outcomes in alcoholism.  ■
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The co-occurrence of anxiety disorders and alcohol use
disorders (AUDs) is relatively common and is associated with
a complex clinical presentation. Sound diagnosis and
treatment planning requires that clinicians have an integrated
understanding of the developmental pathways and course of
this comorbidity. Moreover, standard interventions for anxiety
disorders or AUDs may need to be modified and combined in
targeted ways to accommodate the unique needs of people
who have both disorders. Optimal combination of evidence-
based treatments should be based on a comparative balance
that considers the advantages and disadvantages of
sequential, parallel, and integrated approaches. KEY WORDS:
Alcohol use disorders; stress; anxiety disorders;
comorbidity; developmental pathway; treatment; treatment
method; sequential approach; parallel approach;
integrated approach

Co-occurring anxiety disorders and alcohol use disorders
(AUDs) are of great interest to researchers and clinicians.
Cumulative evidence from epidemiological and clini-

cal studies over the past few decades has highlighted both the
frequency and clinical impact of this comorbidity. Investigations
into the unique connections between specific anxiety disorders
and AUDs have shown that this association is multifaceted
and complex, underscoring the importance of careful diag-
nostic scrutiny. Of clinical relevance, treatment for people
with comorbid anxiety and AUDs can be complicated, and
both the methods used and the timing of the interventions
are relevant factors in treatment planning and delivery. This
article explores the relationship between anxiety disorders
and AUDs, focusing on the prevalence, clinical impact,
developmental and maintenance characteristics, and treatment
considerations associated with this fairly common comorbidity.
The distinctive nature of the relationship between posttrau-
matic stress disorder (PTSD) and AUDs is discussed separately,
in the article by Brady and Back, p. 408 in this journal issue.

Prevalence and Clinical Impact of Comorbid
Anxiety and AUDs

Accuracy in prevalence estimates of comorbid anxiety and
AUDs is essential for gauging the magnitude of the clinical
and social impact of this comorbidity; therefore, data should
be carefully selected with attention to sampling methods.
Information derived from clinical samples, although enlight-
ening in its own right, produces inflated approximations of
the prevalence of comorbidity (Kushner et al. 2008; Regier
et al. 1990; Ross 1995). The most frequently offered expla-
nation for the biased estimates from clinic-based samples
suggests that individuals with multiple disorders are more
likely to be referred for treatment than individuals with a
single disorder (Galbaud Du Fort et al. 1993; Kushner et al.
2008). To avoid this bias, epidemiological data drawn from
large-scale community samples can provide the most infor-
mative figures.  

Over the past three decades, multiple population-based studies
have surveyed the prevalence of addictive and mental disorders
in the United States and abroad, including the following: 

• The Epidemiological Catchment Area (ECA) survey
(Regier et al. 1990) was based on diagnostic information
using the Diagnostic and Statistical Manual of Mental
Disorders, Third Edition (DSM–III) (American Psychiatric
Association [APA] 1980); it was conducted between 1980
and 1984 and collected information from nearly 20,000
respondents ages 18 and older in the United States.

• The National Comorbidity Survey (NCS) (Kessler et al.
1994, 1997), also conducted in the United States, used
the DSM–III–R criteria (APA 1987) while sampling
8,098 individuals ages 15 to 54 years. 

• Burns and Teesson (2002) published findings on the
comorbidity between AUDs and anxiety, depression, and
other drug use disorders from the Australian National
Survey of Mental Health and Well-Being (NSMH&WB)
project. This project was a cross-sectional analysis of 10,461
Australian adults ages 18 and older, with data collected in
1997 using diagnostic criteria from the DSM–IV (APA 1994).
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• The most recent epidemiological study to date, and the
largest reviewed here, was the National Epidemiologic
Survey on Alcohol and Related Conditions (NESARC)
(Grant et al. 2004; Hasin et al. 2007). This survey, which
was conducted by the National Institute on Alcohol
Abuse and Alcoholism in 2001–2002, also applied
DSM–IV diagnostic algorithms in a sample of 43,093
adults ages 18 and older. 

The respective prevalences of comorbid anxiety disorders
and AUDs from each of these epidemiological studies are
summarized in table 1. These data show that, across differ-
ent large-scale studies, at different times, and both in the
United States and abroad, anxiety and AUDs co-occur at
rates greater than would be expected by chance alone. The
odds ratios (ORs) characterizing the comorbidity between
an AUD and any anxiety disorder in these studies ranged
between 2.1 and 3.3—in other words, the two conditions
co-occurred about two to three times as often as would be
expected by chance alone. 

Three additional trends emerging from community-based
samples are noteworthy. First, anxiety disorders are more
strongly associated with alcohol dependence than with alcohol
abuse (e.g., Hasin et al. 2007; Kessler et al. 1996; Kushner et
al. 2008). Analysis of the NESARC data demonstrated that
this finding generally was consistent across racial/ethnic groups
(Smith et al. 2006). Alternative explanations for these results
suggest that either people with anxiety disorders are more
likely to become psychologically dependent on alcohol because
they use it to self-medicate (e.g., Tran and Smith 2008) or
anxiety disorders in these individuals largely are an artifact of
alcohol withdrawal (e.g., Schuckit and Hesselbrock 1994).

Second, the magnitude of the relationship between spe-
cific anxiety disorders and AUDs varies across the specific
combinations. For example, panic disorder typically has a
relatively large association with AUDs (odds ratio [OR] =

1.7–4.1 in table 1), whereas obsessive-compulsive disorder
has the least consistent and typically weakest relationship
with alcohol problems (e.g., Gentil et al. 2009; Kessler et al.
1997; Schuckit et al. 1997; Torres et al. 2006). A classic
review in this field (Kushner et al. 1990) indicated even
more pronounced differences in the comorbidity rates of
specific anxiety disorders among clinic-based samples of
patients with alcohol problems. These ranged from rates
near community-based rate estimates (e.g., for simple pho-
bia) to rates nine times greater than community estimates
(e.g., for social phobia). It is important to note, however,
that the influence of treatment seeking and related variables
confounds interpretation of these clinic-based estimates. 

Third, different comorbidity patterns exist among patient
subgroups with different demographic characteristics such 
as race/ethnicity and gender. For example, in the NESARC,
Native Americans had elevated rates both of anxiety disor-
ders and of AUDs over the past 12 months but lower rates
of co-occurrence between these disorders compared with
other ethnic groups (Smith et al. 2006). Gender differences
in anxiety–alcohol comorbidity have been reported across a
variety of samples (e.g., Hesselbrock et al. 1985; Kessler et al.
1997; Mangrum et al. 2006; Merikangas et al. 1998), and
research in this area also has identified notable clinical differ-
ences between men and women. These gender differences
are discussed in more detail in the sidebar.

The importance of these prevalence data is underscored by
the clinical impact of comorbid anxiety and AUDs. Both
types of disorder are associated with substantial societal costs
that have been estimated in monetary terms at $184.6 bil-
lion per year for AUDs (Harwood 2000) and between $42
and $47 billion for anxiety disorders (DuPont et al. 1996;
Greenberg et al. 1999). Kessler and Greenberg (2002) sug-
gested that the costs for anxiety disorders were grossly under-
estimated and actually exceeded $100 billion per year in the
total U.S. population. Furthermore, clinical studies have

shown that both anxiety and AUDs can nega-
tively impact the course and treatment outcome
for the other condition. For example, anxiety
problems have been associated with increased
severity and persistence of AUDs, increased risk
for relapse following treatment, and increased
lifetime service utilization in the context of sub-
stance use disorders more generally (Driessen et
al. 2001; Falk et al. 2008; Kushner et al. 2005;
Johnston et al. 1991; Perkonigg et al. 2006;
Sannibale and Hall 2001). Conversely, concur-
rent AUDs have been associated with greater
severity and chronicity of anxiety disorders, 
and substance use problems can decrease the
likelihood of recovery from anxiety disorders
(Bruce et al. 2005; Hornig and McNally 1995;
Schade et al. 2004). Studies also have demon-
strated that alcohol use can increase anxiety 
(see Kushner et al. 2000), which can result in 
a positive feedback loop leading to exacerbation 
of both disorders. 
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Table 1 Adjusted Odds Ratios of the 12-Month Comorbidity Between Certain Anxiety
Disorders and Alcohol Use Disorders Across epidemiological Samples   

NSMH & 
ECA NCS WB NESARC

Agoraphobia 2.7 2.6 2.3 3.6

Generalized anxiety disorder — 4.6 3.3 3.0

Obsessive–compulsive disorder — — 2.7 —

Panic disorder 4.1 1.7 3.9 3.5

Simple phobia 2.0 2.2 — 2.3

Social phobia 1.8 2.8 3.2 2.3

Any 2.1 2.6 3.3 2.7

NOTeS: eCA = epidemiologic Catchment Area Survey; NCS = National Comorbidity Survey; NSMH & WB = National
Survey of Mental Health & Well-being; NeSARC = National epidemiologic Survey on Alcohol and Related Conditions.



Taken together, the epidemiological and clinical literature
describing the relationship between anxiety and AUDs
shows that this comorbidity is both prevalent and clinically
relevant. Therefore, it is important to enhance understanding
of this comorbidity. The following sections will review fun-
damental concepts related to how these disorders co-occur
and describe approaches to diagnosing and treating comor-
bid anxiety and AUDs. 

Development of Comorbid Anxiety and AUDs

The question of how anxiety and AUDs coalesce has intrigued
investigators and clinicians for decades and still is a subject
of debate. Three primary pathways have been proposed: 

• The common-factor model that uses a third variable to
explain the co-occurrence of anxiety and AUDs;

• The self-medication pathway, which posits that people
consume alcohol to cope with anxiety disorders, leading
to co-occurring AUDs; and

• The substance-induced pathway, wherein AUDs lead 
to increased anxiety and vulnerability for co-occurring
anxiety disorders.

The Common-Factor Model
The common-factor model of comorbid anxiety and AUDs
presumes that no direct causal relationship exists between
the two disorders. Instead, so-called third variables are
posited to account for their joint presence. The potential 
relevance of such factors was demonstrated in a 21-year 
longitudinal study of young people (Goodwin et al. 2004),
in which early presence of anxiety disorders seemed to pre-
dict the later development of alcohol dependence. However,
when the investigators controlled for other variables, such 
as prior other drug dependence and depression, the presence
of anxiety disorders no longer was a significant predictor.
The results of this study suggest that the link between anxiety
and AUDs was not direct but instead may have been a 
consequence of those other variables studied. The potential
range of common factors can be difficult to estimate, but a
review of the literature shows that the most consistently pro-
posed third variables are genetic factors and personality traits
such as anxiety sensitivity. Support for the role of genetic 
factors as a cause for the co-presence of these disorders indi-
rectly has been provided by family and twin studies (e.g.,
Merikangas et al. 1994, 1996; Tambs et al. 1997). Anxiety
sensitivity also has been linked to the incidence of both 
anxiety and substance use disorders (DeHaas et al. 2001;
DeMartini and Carey 2011; Schmidt et al. 2007). Based 
on findings demonstrating a genetic contribution to anxiety
sensitivity (Stein et al. 1999), Stewart and Conrod (2008)
proposed a causal sequence wherein genetic factors and anxi-

ety sensitivity operate together to create a genetically based
personality that is vulnerable to comorbid anxiety and 
alcohol use problems. To date, rigorous empirical evaluation
of the common-factor model has been limited, and publica-
tions directly addressing this topic are sparse. Additional
research and exploration of additional third variables therefore
is necessary to more clearly appraise their unique and interac-
tive influence on the relationship between these disorders.

The Self-Medication Model
The self-medication explanation for the comorbidity of anxiety
and AUDs has received the most attention in the clinical and
research literature. This model proposes that people with
anxiety disorders attempt to alleviate negative consequences
of these conditions (i.e., are negatively reinforced) by drink-
ing alcohol to cope with their symptoms, eventually leading
to the later onset of AUDs. This concept, in fact, is shared
by several models of alcoholism, including the self-medication
(Khantzian 1985; Quitkin et al. 1972), tension reduction
(Conger et al. 1999), and stress-response dampening models
(Sher 1987; Sher and Levenson 1982). Several lines of evi-
dence provide support for this pathway. When people with
comorbid anxiety and AUDs are queried about their drink-
ing, they typically endorse purposeful and targeted drinking
to cope with their anxiety. The reported rates of self-medication
in clinical samples of people with both types of disorders
have ranged from 50 to 97 percent, with the highest rates
among people with phobias (Bibb and Chambless 1986;
Smail et al. 1984; Thomas et al. 2003; Turner et al. 1986). 

It is interesting to note that participants with anxiety 
disorders in community samples show significantly less
robust rates of self-medication than typically found in clinical
samples, highlighting the potential selection bias in treat-
ment settings (e.g., Bolton et al. 2006; Menary et al. 2011;
Robinson et al. 2009). For example, in the NCS (Bolton et
al. 2006) only 21.9 percent of individuals with anxiety disorders
in the community endorsed self-medicating with either 
alcohol or drugs, with the highest rates found among those
with generalized anxiety disorder (35.6 percent), panic disor-
der (23 percent), or social phobia–complex subtype (21.2
percent). In the NESARC, Robinson and colleagues (2009)
separately analyzed rates of self-medication with alcohol,
drugs, or both among respondents with anxiety disorders.
The investigators found that these individuals were most
likely to endorse self-medication with alcohol alone and that
the highest rates of alcohol-based self-medication were found
among respondents with generalized anxiety disorder (18.3
percent), social phobia (16.9 percent), and panic disorder
with agoraphobia (15.0 percent). More recently published
longitudinal analyses of alcohol-using NESARC participants
showed nearly identical rates of self-medication with alcohol
among those with anxiety disorders at both Wave 1 (20.3
percent) and Wave 2 (20.8 percent) (Menary et al. 2011).
Interestingly, this report also showed that although only 1 in
5 individuals with anxiety disorders reported using alcohol
to cope with anxiety, the rate of alcohol dependence in this
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subgroup (34.5 percent) was almost four times higher than
the comparison rates found among respondents with anxiety
who did not report self-medication (9.3 percent) and almost
seven times higher than among respondents with no anxiety
diagnosis (5.1 percent). Moreover, endorsement of alcohol-
based self-medication at Wave 1 increased the risk of devel-
oping new alcohol dependence at Wave 2 nearly four-fold
(OR = 3.77). These epidemiological findings reveal that
although only a minority of people with anxiety disorders
uses alcohol to self-medicate, the risk for co-occurring alcohol
dependence is concentrated among this subgroup. 

Additional epidemiological support for this causal pathway
comes from analyses of order of onset as well as from analyses
of whether the anxiety disorders are considered independent
or substance induced. Data showing that anxiety disorders
predate AUDs and that anxiety disorders are independent
(i.e., not merely a consequence) of AUDs are essential pre-
requisites for the self-medication model. Consistent with 
this causal explanation of comorbidity, timelines gathered 
in community surveys show that anxiety disorders often 
predate the development of alcohol dependence. For exam-
ple, Kushner and colleagues (2008) reviewed findings from
several large-scale studies and calculated that three of four
individuals with comorbid disorders developed the anxiety
disorders first. The classification of anxiety disorders as inde-
pendent versus substance-induced requires that one of two
conditions is met: (1) the anxiety disorder must precede the
AUD and (2) the anxiety disorder persists outside the direct
influence of alcohol use. Because alcohol withdrawal can
mimic and/or exacerbate anxiety problems, an extended
period of abstinence (e.g., 4 weeks) from alcohol is necessary
for a disorder to be considered a stand-alone, independent
diagnosis. Using these criteria with the NESARC sample,
which strictly followed DSM–IV rules for differential diagno-
sis, only 0.2 percent of anxiety disorders were not classified as
independent (Grant et al. 2004). Likewise, low rates of sub-
stance-induced anxiety disorders (0.3 percent) were found in
a community sample of 1,095 Australian women (Williams
et al. 2010), based on DSM–IV–TR criteria (APA 2000). 

Taken together, all of these findings provide compelling
support for the self-medication explanation for co-occurring
anxiety and AUDs. However, these lines of evidence are
associated with several limitations. For example, the analyses
often rely on retrospective self-reported data. Findings derived
from clinical samples also can inflate prevalence estimates of
self-medication, especially if alcohol-dependent individuals
are evaluated during acute alcohol withdrawal. Finally, it is
notable that laboratory studies examining alcohol’s anxiety-
reducing (i.e., anxiolytic) effects have produced mixed find-
ings (see Tran and Smith 2008). One possible explanation
for the incongruence between laboratory and self-report 
survey data is that a person’s expectations about alcohol’s
effects can motivate drinking independent of alcohol’s actual
physiological effects (e.g., Abrams and Kushner 2004). Never -
theless, laboratory-based investigations of whether (and how)
alcohol actually reduces anxiety are essential to critically eval-

uate the self-medication hypothesis. The current state of the
science on this point is inconclusive, and additional research
is necessary before any firm conclusions regarding this path-
way can be drawn. 

The Substance-Induced Anxiety Model 
The third causal explanation for comorbid anxiety and AUDs
asserts that anxiety largely is a consequence of heavy, pro-
longed alcohol consumption. Alcoholism leads to a range 
of biopsychosocial problems, and anxiety can result from
alcohol-related disturbances in each of these domains. The
course of alcohol dependence is fraught with repeated inter-
mittent episodes of excessive and frequent consumption 
and withdrawal, which can result in changes in the nervous
systems that produce and/or worsen anxiety. For example,
whereas acute alcohol intake has anxiolytic effect by increas-
ing the activity of the brain chemical (i.e., neurotransmitter)
γ-aminobutyric acid (GABA), chronic alcohol dependence
results in an overall GABA deficiency that offsets the effects
of acute consumption and may induce anxiety. Withdrawal
periods also can induce changes in the brain, which can
include excessive activity (i.e., hyperexcitability) of certain
brain systems (i.e., the limbic system and the norepinephrine
system) (Kushner et al. 2000; Marshall 1997), both of which
are involved in the production of panic attacks (Graeff and
Del-Ben 2008; Marshall 1997). Across time, repeated with-
drawal episodes can result in a progressive neural adaptation
(i.e., a process known as kindling) that makes the drinker
more susceptible to anxiety and exacerbates stress-induced
negative affect when alcohol intake stops (Breese et al. 2005).
Not surprisingly, clinical studies show that people with 
alcoholism who are recently abstinent characteristically report
increased feelings of anxiety, panic, and phobic-like behav-
iors in the short term, and symptoms of autonomic activity
(i.e., sympathetic activation, such as increased heart rate and
faster/shallower breathing) and persistent anxiety across pro-
tracted withdrawal (see Schuckit and Hesselbrock 1994). 

The psychosocial impact of alcoholism also has been
implicated in the genesis of anxiety. Social consequences of
habitual excessive drinking are common and include perva-
sive and cumulative problems in vital areas of life, such as
employment, interpersonal relationships, and finances
(Klingemann 2001; Klingemann and Gmel 2001). In fact,
such difficulties in everyday living are so intertwined with
heavy use that they are reflected in the DSM–IV criteria for
AUDs (APA 2000). The interaction between pathologic
alcohol use and enhanced life stress can lead to anxiety in at
least two ways. First, the consistent presence of social distur-
bances may activate and intensify anxiety symptoms among
these already vulnerable individuals. Second, alcohol use in
the presence of stress stimuli may interfere with extinction-
based learning necessary for normal adaptation to stressors.
Thus, hazardous drinking can lead to anxiety through a nox-
ious combination of greater levels of life stress coupled with
relatively poor coping skills. 
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Gender Differences in Comorbid Anxiety and Alcohol Use Disorders

Numerous studies have attempted
to evaluate possible gender dif-
ferences in the frequency of

comorbid anxiety disorders and alcohol
use disorders (AUDs). Population
surveys consistently show that anxiety
disorders are more common among
women, whereas AUDs are more
common among men (e.g., Hasin et
al. 2007; Kessler et al. 1997; Lewis et
al. 1996). To account for these base-
rate differences when estimating gender-
specific comorbidity rates for anxiety
disorders and AUDs in the National
Comorbidity Survey, Kessler and col-
leagues (1997) used adjusted odds
ratios (ORs). These analyses found
that among alcohol-dependent men in
the sample, 35.8 percent (OR = 2.22)
had a co-occurring anxiety disorder,
compared with 60.7 percent (OR =
3.08) among alcohol-dependent women.
Moreover, not only did women in the
study have an increased likelihood of
independent anxiety disorders com-
pared with men, but prior anxiety
disorders also were more strongly pre-
dictive of later alcohol dependence
among the women. Further more, a
multisite trial in Germany demon-
strated that anxiety disorders had a
substantial influence on the course 
and severity of alcoholism in women
(Schneider et al. 2001). Thus, in this
treatment-seeking sample women who
had an anxiety disorder reported an
accelerated temporal sequence of alco-
holism, including earlier onset of first
drink, regular drinking, and incidence
of alcohol withdrawal than women
with no anxiety disorder. 

One potential explanation for these
findings is that the reasons for using
alcohol may differ by gender. For exam-
ple, women may be more prone than
men to self-medicate for mood prob-
lems with substances such as alcohol
(Brady and Randall 1999). Furthermore,
empirical inspection of gender differ-
ences in stress-related drinking has
shown that women report higher levels
of stress and have a stronger link between
stress and drinking (Rice and Van
Arsdale 2010; Timko et al. 2005).
Together, these results suggest that

women may be more likely to rely on
alcohol to manage anxiety.

Anxiety disorders also may have a
particularly detrimental impact on
alcohol-focused treatment for women.
This has been demonstrated in a series
of studies evaluating the intersection
of gender, social anxiety disorder, and
treatment modality. Early work in
this area from the Project MATCH
sample revealed an intriguing interac-
tion (Thevos et al. 2000). Specifically,
whereas socially phobic men benefitted
equally well from either cognitive–
behavioral therapy (CBT) or 12-step
facilitation (TSF), women with social
phobia fared less well if they were
assigned to TSF. To shed light on 
the potential role of social anxiety in
addiction treatment, Book and col-
leagues (2009) compared participants
in an intensive outpatient program
with high and low social anxiety on
attitudes toward treatment activities.
Members of the group with high
social anxiety, who predominantly were
female (71 percent), overall showed
less treatment participation than did
members of the comparison group.
For example, they were less likely to
speak up in group therapy, attend a
12-step meeting, or seek sponsorship
within a 12-step group. A recent sec-
ondary analysis of alcoholics who were
assigned to TSF in Project MATCH
yielded findings consistent with and
complementary to these observations,
demonstrating that women with comor-
bid social phobia were 1.5 times more
likely to relapse than noncomorbid
women (Tonigan et al. 2010). In
contrast, no differences in relapse rates
were found among the men with or
without social phobia in the study.
Interestingly, socially phobic women
were less likely than women without
social phobia to obtain an Alcoholics
Anonymous sponsor, which may help
explain the poor outcomes for TSF
among this subgroup. 

Taken together, the findings reviewed
here provide some instructive informa-
tion on gender differences in the comor-
bidity of anxiety and AUDs. Thus,
women are more likely than men to

have both disorders, and the presence
of anxiety disorders may exacerbate
the course and severity of alcohol
problems in women. Further more,
treatment for women with this comor-
bidity may be especially complex, both
because they are likely to use alcohol
to self-medicate for stress and because
women with social phobia may be
reluctant to participate in treatment
(e.g., Alcoholics Anonymous) that could
otherwise be effective. These factors
spotlight the importance of probing
for anxiety disorders in women entering
alcohol treatment and reinforce the
need to remain sensitive to the differ-
ent ways that gender can influence the
process and outcomes of therapy.  ■

References
BOOk, S.W.; THOMAS, S.e.; DeMPSey, J.P.; eT Al. Social anx-
iety impacts willingness to participate in addiction treat-
ment. Addictive Behaviors 24:474–476, 2009.

BRADy, k.T., AND RANDAll, C.l. Gender differences in sub-
stance use disorders. Psychiatric Clinics of North
America 22:241–252, 1999.

HASiN, D.S.; STiNSON, F.S.; OGBURN, e.; AND GRANT, B.F.
Prevalence, correlates, disability, and comorbidity of
DSM-iV alcohol abuse and dependence in the United
States: Results from the National epidemiologic Survey
on Alcohol and Related Conditions. Archives of General
Psychiatry 64:830–842, 2007.

keSSleR, R.C.; CRUM, R.M.; WARNeR, l.A.; eT Al. lifetime co-
occurrence of DSM-iii-R alcohol abuse and dependence
with other psychiatric disorders in the National Comorbidity
Survey. Archives of General Psychiatry, 54, 313-321, 1997.

leWiS, C.e.; BUCHOlz, k.k.; SPiTzNAGel, e.; AND SHAykA, J.J.
effects of gender and comorbidity on problem drinking
in a community sample. Alcoholism: Clinical and
Experimental Research 20:466–476, 1996.

RiCe, k.G., AND VAN ARSDAle, A.C. Perfectionism, perceived
stress, drinking to cope, and alcohol-related problems
among college students. Journal of Counseling Psychology
57:439–450, 2010.

SCHNeiDeR, U.; AlTMANN, A.; BAUMANN, M.; eT Al. Comorbid
anxiety and affective disorder in alcohol-dependent
patients seeking treatment: The first Multicentre Study in
Germany. Alcohol and Alcoholism 36:219–223, 2001.

THeVOS, A.k.; ROBeRTS, J.S.; THOMAS, S.e.; AND RANDAll, C.l.
Cognitive behavioral therapy delays relapse in female
socially phobic alcoholics. Addictive Behaviors
25:333–345, 2000.

TiMkO, C.; FiNNey, J.W.; AND MOOS, R.H. The 8-year course
of alcohol abuse: Gender differences in social context
and coping. Alcoholism: Clinical and Experimental
Research 29:612–621, 2005.

TONiGAN, J.S.; BOOk, S.W.; PAGANO, M.e.; eT Al. 12-Step
therapy and women with and without social phobia: A
study of the effectiveness of 12-step therapy to facilitate
Alcoholics Anonymous engagement. Alcoholism
Treatment Quarterly 28:151–162, 2010.



Evidence for the substance-induced hypothesis comes from
multiple sources. A central prediction of this causal model is
that abstinence from alcohol should be followed closely by a
conspicuous decrement in anxiety symptoms. Data from a
study of 53 patients who participated in alcohol treatment at
a residential substance abuse program were consistent with
this prediction (Kushner et al. 2005). Thus, among those 23
patients who had an anxiety disorder at baseline and remained
abstinent after approximately 120 days, 61 percent no longer
met criteria for an anxiety disorder at follow-up. Another
study with 171 male veterans demonstrated that self-reported
measures of temporary anxiety (i.e., state anxiety) decreased
rapidly during inpatient alcohol treatment (Brown et al.
1991). It was furthermore noteworthy that scores on a mea-
sure of the participants’ overall anxiety levels (i.e., trait anxi-
ety) also changed significantly at 3-month follow-up. This
latter finding suggests that state anxiety that occurs during
early abstinence can lead respondents to consider their
increased anxiety levels as more chronic than they actually
are. Therefore, retrospective self-reports collected at baseline
should be interpreted with caution.  

Additional evidence for the substance-induced pathway
comes from prospective studies demonstrating that the pres-
ence of alcohol dependence predicts the later development of
anxiety disorders. For example, in a sample of college students
followed for 7 years, anxiety disorders increased fourfold
among those diagnosed as alcohol dependent at either year 1
or year 4 of the study period (Kushner et al. 1999). A final
line of support is found in differential comorbidity rates
among samples of anxiety and alcohol patients. In a seminal
review, Schuckit and Hesselbrock (1994) noted that the fre-
quency of alcoholism among anxiety patients was not markedly
higher than in the general population, contrary to what
would be predicted by the self-medication hypothesis. In
contrast, some studies have found greatly elevated rates of
anxiety disorders in samples of individuals with alcohol
problems (e.g., Kushner et al. 1990). 

Similar to the common-factor and self-medication hypotheses,
the literature underpinning the substance-induced pathway
to comorbid anxiety and AUDs is convincing but cannot
account for the findings consistent with the other causal models.
It also is important to note that reliance on timeframes, although
useful, could mask an independent course of anxiety symptoms
among individuals who also have an AUD. For example, it 
is possible that an anxiety disorder which appears at a time
when the person is experiencing alcohol-related problems
may have an etiology separate from alcohol use. Likewise, a
reduction in anxiety symptoms following alcohol treatment,
which often is interpreted as an indication that the anxiety
symptoms were a consequence of alcohol use, could also be
explained by anxiolytic therapy and/or the natural course of
anxiety independent of any effects related to abstinence.

Compared side by side, these proposed causal models pro-
vide competing explanations for the joint development of
anxiety disorders and AUDs. It is apparent that the collective
findings in this area do not unequivocally point to one path-

way or exclude another. It is unclear whether this is a result
of a failure of the aforementioned theoretical models or of
the methods used to test the pathways or if it simply reflects
the complexity inherent within this comorbidity. In fact, the
support for multiple causal models may reflect that etiological
differences exist among individuals who share this comor-
bidity, based on which disorder or predisposing variable was
initially present. The continued viability of all these compet-
ing hypotheses suggests that further and more advanced
research attention is essential to disentangle the predisposing
factors, primary variables, sequencing, and early course
involved with these co-occurring disorders.

Mutual Maintenance of Anxiety and AUDs

Once comorbidity between anxiety disorders and AUDs has
been established, the two disorders may influence and maintain
each other in ways that are independent of the developmental
pathway. In other words, the processes involved in the initia-
tion and the maintenance of comorbidity may differ in
meaningful ways. One hypothesis emerging from the comor-
bidity literature is that anxiety and AUDs become intertwined
in a reciprocal, perpetuating cycle. This positive feedback loop
often is characterized as a feed-forward or mutual-maintenance
pattern. Stewart and Conrod (2008) dubbed this progressive
sequence the “vicious cycle of comorbidity” in which biopsycho -
social outcomes of one disorder (e.g., anxiety) serve to main-
tain or even worsen the other disorder (e.g., alcoholism),
whose respective outcomes, in turn, further maintain or
exacerbate the first disorder, and so on. For example, a person
who copes with anxiety by self-medicating with increasing
amounts of alcohol likely will experience greater alcohol-
related consequences (e.g., poor job performance, interpersonal
problems, and anxiety induction from alcohol withdrawal),
thus exacerbating the initial anxiety and leading to further
drinking, which in turn sustains and/or amplifies the cycle. 

Empirical support for this mutual-maintenance model
comes from various sources, which in many ways reflects a syn-
thesis of data supporting the three developmental pathways.
Taken together, the sets of supportive findings suggest that (1)
anxiety disorders can increase the severity, persistence, and poor
treatment response of comorbid AUDs and (2) AUDs can
increase the severity, persistence, and poor treatment response
of comorbid anxiety disorders. Evidence that comorbid anxiety
disorders can worsen and perpetuate AUDs and impair alcohol
treatment response includes the following findings:

• People with social anxiety disorder endorsed greater 
alcohol dependence severity and had more dependence
symptoms than alcoholics without social phobia (Thomas
et al. 1999).

• The presence of social anxiety disorder and generalized
anxiety disorder predicted increased long-term mental
distress among treatment-seeking, substance-dependent
patients (Bakken et al. 2007).
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• Alcoholic inpatients with anxiety disorders had 
increased severity of alcohol withdrawal (Johnston 
et al. 1991). 

• Comorbid panic disorder with agoraphobia and 
generalized anxiety disorder were related to increased 
risk of persistent alcohol dependence (Falk et al. 2008). 

• Symptoms of generalized anxiety disorder and social 
anxiety disorder can interfere with substance use treat-
ment (Book et al. 2009, Smith and Book 2010).

• Anxiety disorders are associated with elevated risk for
relapse following alcohol treatment (e.g., Driessen et al.
2001; Kushner et al. 2005). 

Similarly, other studies reported a negative impact of
comorbid AUDs on the course of anxiety disorders, consis-
tent with the mutual maintenance hypothesis, as follows:

• AUDs were related to increased psychiatric severity
among individuals who were diagnosed with phobic 
disorders (Schade et al. 2004).

• People with panic disorder who also had a substance 
use disorder were significantly more likely to report
attempted suicide (Hornig and McNally 1995).

• Repeated withdrawals from alcohol can produce 
neurobiological changes that sensitize anxiety (Breese 
et al. 2005).

• Substance use disorders were associated with 
chronicity of generalized anxiety disorder (Bruce 
et al. 2005).

• Substance use disorders predicted worse outcomes 
following treatment for patients with panic disorder 
with agoraphobia, generalized anxiety disorder, and 
social anxiety disorder (Bruce et al. 2005).

Collectively, these independent findings are consistent
with the mutual-maintenance model of comorbid anxiety
and AUDs. However, although it may be reasonable to infer
that the pattern of results demonstrates the heuristic utility
of this model as a way to synthesize outcomes from various
studies in this research area, the conclusion that a disconti-
nuity between developmental and maintenance phases of
this comorbidity exists remains speculative. Furthermore, to
date no studies have empirically tested these dynamic and
interactive factors in a longitudinal model. Thus, the status
of the science underpinning the mutual maintenance
hypothesis at this time only yields indirect agreement.

Diagnostic and Treatment Considerations for
Comorbid Anxiety and AUDs

The developmental and maintenance factors associated with
comorbid anxiety and AUDs show that the pairing of these
two types of disorders is heterogeneous, interactive, and
potentially progressive. Treatment approaches for comorbid
patients correspondingly require comprehensive assessment
and thoughtful planning. One paramount concern is the
establishment of the correct diagnosis and exclusion of other
diagnoses, especially because of the inherent difficulty in 
discerning whether anxiety present at the initial assessment 
is substance-induced or the sign of an independent anxiety
disorder. As indicated earlier, reliance on self-report data can
impair the accuracy of diagnoses, especially in the presence
of recall bias that can be expected when a person is acutely
anxious (e.g., Brown et al. 1991). Careful assessment there-
fore entails gathering a thorough and detailed retrospective
timeline, interviewing collateral informants, reviewing the
patient’s medical record and any available laboratory data,
and observing symptoms over a sustained period of absti-
nence (Anthenelli 1997; Watkins et al. 2005). The exact
duration of abstinence necessary to establish an independent
anxiety disorder varies across disorders. For example, anxiety
disorders whose cardinal symptoms are consistent with anxiety
induced by alcohol withdrawal (e.g., panic disorder and 
generalized anxiety disorder) require longer periods of absti-
nence for a diagnosis than anxiety disorders with less symp-
tom overlap (e.g., obsessive-compulsive disorder). Thus, a
prudent diagnostician will wait several weeks to determine
the likely source of symptoms that also frequently occur 
during withdrawal, such as panic or free-floating worry.
Conversely, certain types of anxiety (e.g., social anxiety) typi-
cally predate alcohol use problems, and the presence of these
symptoms therefore is less likely to be an artifact of alcohol
withdrawal. A more comprehensive diagnostic algorithm for
differential diagnosis is provided by Anthenelli (1997). A
realistic limitation of the diagnostic process is that some
individuals may not be able to sustain abstinence for a period
long enough to clarify whether the constellation of anxiety
symptoms represents a substance-induced syndrome or an
independent anxiety disorder. In such cases, a prospective
functional analysis may be used to identify the antecedents
and consequences of both anxiety and alcohol use (Wyman
and Castle 2006). 

Perhaps most importantly, once the complete assessment
data have been gathered through all the available strategies,
the full spectrum of information should be integrated and
considered as a whole to yield the most accurate diagnosis.
To select an appropriate treatment approach using these dif-
ferential diagnosis methods it also is crucial to consider that
substance-induced mood and anxiety disorders can nega-
tively impact treatment and increase overall clinical severity
(Grant et al. 2004). Consequently, when it has been deter-
mined that an anxiety disorder likely is substance induced 
it may not be the best approach to simply treat the AUD
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alone and wait for the subsequent remission of the anxiety
disorder. 

When a diagnosis has been established, the treatment provider
also needs to take into consideration the unique factors asso-
ciated with this comorbidity when selecting the appropriate
treatment protocol. As discussed below, a variety of pharma-
cotherapy and psychotherapy approaches are available to
address anxiety and AUDs. Each modality has proven to 
be efficacious for these problems in isolation, and several 
evidence-based treatment alternatives for each disorder are
available (see table 2). However, it sometimes may be neces-
sary to modify these treatment approaches for comorbid
individuals because even strategies considered the gold stan-
dard for one disorder potentially can have a negative impact
on individuals with the other disorder (e.g., Jenson et al.
1990; Larson et al. 1992; Randall et al. 2001; Thevos et al.
2000; Tonigan et al. 2010).

Pharmacotherapy for Anxiety Disorders 
Medication-based treatments for anxiety include an assort-
ment of agents from several classes of medication, including
benzodiazepines, tricyclic antidepressant drugs (TCAs),
monoamine oxidase inhibitors (MAO-Is), and serotonergic-
based medications (e.g., selective serotonin reuptake inhibitors
[SSRIs], serotonin-norepinephrine reuptake inhibitors [SNRIs],
and the 5-HT1a partial agonist buspirone). The efficacy of
these drugs for anxiety treatment has been established firmly
in well-controlled, randomized clinical trials. However, it is

important to note that these studies typically exclude people
with AUDs—a requisite standard practice to enhance the
internal validity of efficacy studies. This exclusion means,
however, that treatment providers must use clinical judgment
when prescribing these medications to comorbid patients. 

Benzodiazepines. Benzodiazepines can be very safe and
effective agents for the short-term management of anxiety
disorders. These medications are well-tolerated and have
few medical scenarios in which they must not be used (i.e.,
few contraindications), although patients with pulmonary
disorders may be sensitive to the depressant effects of these
agents on the central nervous system. Because these medi- 
cations are absorbed into the body fairly rapidly, patients
can experience relatively fast-acting anxiolytic effects from
a single oral dose. When multiple doses of benzodiazepines
are used to manage anxiety, the duration of action will
vary based on the medication’s accumulation in the body,
which is determined by pharmacokinetic characteristics
such as elimination half-life and clearance. According 
to their elimination half-life, benzodiazepines can be
classified into three groups (Greenblatt et al. 1981):

• Ultra–short-acting agents with a half-life of less than 5
hours ( e.g., triazolam, midazolam);

• Intermediate/short-acting agents with a half-life of 5 to
24 hours (e.g., alprazolam, lorazepam); and
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Table 2  U.S. Food and Drug Administration (FDA)-Approved and evidence-Based Treatments for Anxiety and Alcohol Use Disordersa,b,c

Generalized Obsessive–Compulsive Panic Social Anxiety Alcohol Use
Anxiety Disorder Disorder Disorder Disorder Disorders

Pharmacotherapy

Psychotherapy

Buspirone  
Duloxetine
escitalopram
Paroxetine
Venlafaxine

Cognitive and 
behavioral therapies

Clomipramine
Fluoxetine
Fluvoxamine
Paroxetine 
Sertraline

Cognitive therapy;
exposure and 
response prevention     

Alprazolam
Clonazepam
Fluoxetine 
Paroxetine
Sertraline 
Venlafaxine    

Applied relaxation;
cognitive and 
behavioral therapies;
psychoanalytic therapy

Fluvoxamine
Paroxetine
Sertraline
Venlafaxine

Cognitive 
and behavioral 
therapies

Acamprosate
Disulfiram
Naltrexone
Topiramate 

Behavioral couples 
therapy; brief intervention;
cognitive and behavioral
therapies; community
reinforcement approach;
motivational interviewing;
relapse prevention 
therapy; social skills
training; 12-step 
facilitation

aNOTeS: Pharmacotherapies listed are current FDA-approved indications, with the exception of topiramate, which was added based on results of a critical review of published literature (Shinn and
Greenfield 2010). 

bPsychotherapies for anxiety disorders are those with moderate or strong research support, as listed by the American Psychological Association, Division 12 (Society of Clinical Psychology). Note
that psychoanalytic therapy also was listed as “controversial.” 

cPsychotherapies for alcohol use disorders are those with support in a majority of reviews, as identified via the systematic analysis of Miller and colleagues (2005). Twelve-step facilitation was
added based on published empirical support (e.g., Project MATCH Research Group 1997, 1998; Mckellar et al. 2003; Tonigan 2009).
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• Long-acting agents with a half-life of more than 24 hours
(e.g., clonazepam, diazepam). 

Because benzodiazepines are effective in managing anxiety
in the short-term by producing a relatively fast-acting anxi-
olytic effect, their use as a front-line choice for individuals
with comorbid anxiety and AUDs has been controversial (e.g.,
Brady and Verduin 2005; Ciraulo and Nace 2000; Posternak
and Mueller 2001; Sattar and Bhatia 2003). For example,
when discussing the relative benefits and risks associated with
these medications, Longo and Johnson (2000) elegantly
stated that, “Their greatest asset is also their greatest liability:
drugs that work immediately tend to be addictive.” (p. 2127).
Perhaps not surprisingly, the addiction potential of benzodi-
azepines is highest for the shorter-acting compounds as well 
as for those agents (e.g., alprazolam) that quickly cross the
blood–brain barrier (Longo 1998; Martinez-Cano et al.
1996; Roache and Meisch 1995). People who have a history
of AUDs seem to be more sensitive to the rewarding properties
of these agents, and benzodiazepines have a positive effect on
mood in alcoholics that is not seen in nonalcoholics (Ciraulo
et al. 1988, 1997). Additional findings from clinical samples
alternately have shown that abuse of sedatives (mostly benzo-
diazepines) among patients with anxiety was associated with
concurrent alcoholism (Van Valkenberg 1999) and that alcohol-
dependent patients (who also engaged in other drug abuse)
were more likely to abuse benzodiazepines if they also reported
panic attacks (Jenson et al. 1990). These factors together
suggest an enhanced risk of benzodiazepine misuse among
people with co-occurring anxiety and AUDs. Because effec-
tive and safe alternatives to manage anxiety are available (e.g.,
SSRIs and buspirone), it has been suggested that because 
of these risks, benzodiazepines generally should be avoided
when treating patients with alcoholism, especially those with
severe alcohol dependence or polydrug abuse (e.g., Longo
and Bohn 2001; Sellers et al. 1993). 

Some clinical scholars have questioned this viewpoint,
however, and proposed that withholding access to potentially
beneficial medications is unethical, especially when some studies
suggest that a history of substance abuse is not a major risk
factor for benzodiazepine abuse (e.g., Posternak and Mueller
2001; Sattar and Bhatia 2003). For example, in prospective
studies Mueller and colleagues (1996, 2005) found little 
evidence that these anxiolytics were associated with poor
outcomes among those with both anxiety and AUDs.1
Specifically, they found that (1) a history of AUDs was not 
a strong predictor of benzodiazepine use among participants
with anxiety disorders, (2) use of these anxiolytics did not
increase across time among comorbid participants, and (3)
benzodiazepine use was not associated with the later occurrence
of any new AUDs. These findings suggest that although the
risk for benzodiazepine abuse should be an important con-
sideration when prescribing within this patient subpopulation,
these agents safely may be used in cases where they are clinically
indicated (e.g., when other treatments are ineffective or
potentially harmful). When benzodiazepines are used, patients
should be monitored closely and only limited amounts of

the agents should be prescribed. A useful algorithm to guide
treatment decisions for people with co-occurring anxiety and
AUDs was provided by Sattar and Bhatia (2003).

MAO-Is and TCAs. Caution also is suggested with the use
of MAO-Is and TCAs for comorbid individuals. Although
MAO-Is are quite effective in reducing anxiety, patients
taking these agents may suffer a sudden severe increase in
blood pressure (i.e., hypertensive crisis) after consuming
certain foods and beverages that contain the amino acid
tyramine (McCabe-Sellers et al. 2006), resulting in dietary
restrictions for MAO-I users. These beverages include certain
beers (e.g., imported beers, beer on tap, and nonalcoholic
or reduced-alcohol beers), red wines, sherry, liqueurs, and
vermouth, which is critical to know when treating people
who also have alcohol problems. TCAs also should be used
with caution among people with co-occurring AUDs and
be prescribed only after other treatments have been ruled
out because these medications can have an enhanced
adverse-effect profile in this population. Moreover, the
impaired judgment and impulsivity among persons with
co-occurring alcohol use problems may increase the risks
of taking an overdose of the medications that can result in
toxicity and, potentially, suicidality. Finally, TCAs may
react with alcohol in the brain to cause respiratory
depression (Bakker et al. 2002).

Serotonergic-Based Medications. Medications that
target a brain signaling system which uses the neuro- 
transmitter serotonin and its receptors perhaps are the
safest and most widely used agents to treat anxiety disorders.
These agents include the SSRIs, SNRIs, and the serotonin
partial agonist buspirone. At present, SSRIs (e.g., fluoxetine,
paroxetine, and sertraline) and SNRIs (e.g., venlafaxine
and duloxetine) generally are used as first-line treatment in
this area because they consistently demonstrate anxiolytic
efficacy, including in patients with comorbid AUDs. For
example, a direct examination of the efficacy of paroxetine
in this population showed that it reduced social anxiety
relative to placebo (Book et al. 2008), providing an empirical
foundation for its use in these patients. Moreover, serotonergic
agents have favorable properties, such as being well-tolerated
and having virtually no abuse potential. Another welcome
characteristic of SSRIs in patients with comorbid AUDs is
that, in contrast to TCAs, they do not interact with alcohol
to increase the risk of respiratory depression (Bakker et 
al. 2002). With both SSRIs and SNRIs it is advisable to
inform patients that it may take about 1 to 2 weeks before
these medications show full effectiveness. In addition,
there is a risk of an electrolyte imbalance involving decreased
sodium concentrations in the blood (i.e., hyponatremia),
which can reduce the seizure threshold. This may be
especially relevant during alcohol withdrawal, and clinicians
1 For these analyses, anxiolytic use was standardized by converting all reported benzodiazepine use
into chlordiazepoxide equivalents.



therefore should monitor fluid intake and sodium levels
during these periods. 

Buspirone specifically is approved by the U.S. Food and
Drug Adminstration (FDA) for the management of general-
ized anxiety disorder. Similar to other serotonergic-based
medications, buspirone has a desirable safety profile but a
relatively delayed onset of anxiolytic effects. Previous trials
have evaluated buspirone among patients with comorbid
generalized anxiety disorder (or anxiety symptoms) and
AUDs. The majority of these studies have found reductions
in both anxiety and alcohol outcome measures, including
cravings (Bruno 1989; Tollefson et al. 1991) and drinking
measures (Kranzler et al. 1994). However, one study found
no effect of buspirone on either anxiety or alcohol use
(Malcolm et al. 1992).

Psychotherapy for Anxiety Disorders 
The psychosocial treatment of choice for anxiety disorders 
is established more clearly, with a family of strategies known
collectively as cognitive–behavioral therapies (CBTs) consid-
ered the practice standard for people with anxiety problems.
Meta-analyses of CBTs for anxiety disorders have shown
strong evidence for their efficacy (Hofmann and Smits 2008;
Olatunji et al. 2010). The CBT approaches to anxiety con-
sist of two overarching strategies (Gerardi et al. 2009):

• Exposure to feared stimuli; and 

• Anxiety management techniques, such as cognitive restruc-
turing, applied relaxation, and coping skills training.

Exposure to feared stimuli is a powerful and active treat-
ment ingredient that is recommended across the spectrum of
anxiety disorders. Although the specific cues differ, applica-
tion of exposure for each disorder generally involves repeated
presentation of feared stimuli until the patient has become
used to them (i.e., habituation is reached), resulting in extinc-
tion of the fear response. The technique largely is effective
because when clients who typically avoid and/or escape from
situations that lead to anxiety are exposed to these situations
for prolonged periods, they encounter corrective information
that previously was unavailable.  

It nevertheless is appropriate to recognize that anxious
clients who also have comorbid AUDs may be vulnerable to
negative outcomes from this treatment method. For many of
these individuals, drinking itself is a means of limiting expo-
sure to feared situations and thus can be conceptualized as
an avoidance strategy that has prevented the development of
alternative ways of coping. To borrow terminology from the
respective CBT approaches for anxiety and AUDs, the link
between anxiety and drinking for comorbid clients may
mean that in effect an exposure exercise also becomes a high-
risk situation for alcohol relapse. Relapse to avoidance strategies
(e.g., reliance on checking behaviors in obsessive-compulsive
disorder or avoidance of social gatherings in social anxiety
disorder) in the process of exposure is undesirable even for

people suffering only from an anxiety disorder. For people
who use alcohol as an avoidance strategy, however, a relapse
can be especially costly. Moreover, use of alcohol to avoid
anxiety during an exposure exercise also can interfere with
the corrective learning process required for extinction of the
anxiety response. Indeed, research findings suggest that
exposure-based methods can lead to worse alcohol outcomes
for comorbid individuals and that alcohol use during exposure
may hinder extinction (e.g., Randall et al. 2001). Therefore,
as a matter of course clinicians carefully should appraise this
risk when weighing the potential costs and benefits of this
CBT component for people with comorbid anxiety and
AUDs. To address this issue, treatment providers may try to
enhance the clients’ preparedness by focusing on relapse pre-
vention skills prior to engaging in exposure exercises, espe-
cially those activities requiring the direct confrontation of
feared stimuli (e.g., during prolonged in vivo exposure therapy).
Also, therapists can manage the intensity of exposure therapy
by introducing clients to feared stimuli using intermediate or
purposefully protracted techniques, such as imaginal exposure
(e.g., retelling traumatic memories or imagining feared situations
or objects) and graded exposure (e.g., step-by-step exposure
to stimuli based on a fear hierarchy). Such alterations can
allow therapists to calibrate the dose of exposure that opti-
mizes efficacy for extinction of the target fear response while
minimizing the risk for relapse to drinking. 

Pharmacotherapy for AUDs 
There currently are three medications that have received
FDA approval for the maintenance treatment of alcoholism: 

• Disulfiram, an agent that interferes with ethanol
metabolism and induces an adverse reaction (e.g., 
flushing, nausea, and rapid heartbeat) when a person 
consumes alcohol;

• Naltrexone, an antagonist acting at receptors for signaling
molecules, endogenous opioids, that can interfere with
the rewarding properties of alcohol and reduce craving; 
it is available in both short- and long-acting formulations;
and

• Acamprosate, an agent that acts on the GABA system,
counteracting alcohol’s effects on this system.

Another drug receiving strong empirical support for the
treatment of alcohol dependence is the anticonvulsant topi-
ramate (Shinn and Greenfield 2010), although its use has
not yet been approved by the FDA. Topiramate reduces the
release of the neurotransmitter dopamine in the midbrain,
which may reduce the rewarding experiences associated with
alcohol intake. However, it is unclear at this time whether
adverse effects may hinder its utility as an adjunctive alco-
holism treatment, because a recent review of 26 published
studies found that its use was associated with high rates of
numbness of tingling on the skin (i.e., paresthesia) and cog-
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nitive symptoms (Shinn and Greenfield 2010). Additional
research in randomized trials evaluating topiramate alongside
more established medications, such as disulfiram and naltrex-
one, may shed light on its relative efficacy and tolerability. 

Administration of medications for AUDs may require
some adjustment for individuals who also have anxiety disor-
ders compared with the regimen for alcoholics without this
comorbidity. As with other conditions, randomized, controlled
trials of pharmacotherapies to determine efficacy for alco-
holism treatment often exclude individuals with comorbid
conditions. Therefore, the impact of these agents on co-
occurring psychiatric symptoms has not been explored fully.
Some early clinical reports have suggested that disulfiram
may precipitate psychiatric problems such as anxiety (e.g.,
Larson et al. 1992; Snyder and Keeler 1981). However, more
thorough analyses suggest that these reports may not reflect
current conceptualizations of psychiatric symptoms and dos-
ing schedules (see Petrakis et al. 2002). Another concern is
that people with a comorbid anxiety disorder may be taking
additional medications to treat their concurrent condition and
clinicians therefore must remain vigilant of potential interac-
tions and dosage scheduling associated with multiple drugs.
In one study in this underexamined area, data from 254
individuals treated for alcohol dependence on an outpatient
basis and with other comorbid psychiatric disorders (includ-
ing generalized anxiety disorder and panic disorder) showed
that both naltrexone and disulfiram were effective and well-tol-
erated in this population (Petrakis et al. 2005). And in a sec-
ondary analysis of a randomized, double-blind trial Krystal
and colleagues (2008) reported that among patients receiving
antidepressants for mood/anxiety disorders, those receiving
naltrexone showed greater reductions in drinking than did
those receiving a placebo. Nevertheless, at least in the case of
disulfiram, the combination of some historical clinical reports
of anxiety induction and overall limited data suggests that
clinicians administering this medication should closely mon-
itor comorbid patients for any signs of increased anxiety.

Psychotherapy for AUDs
Psychosocial approaches to treating AUDs have evolved
markedly over the past few decades. The historical roots of
this treatment modality largely can be traced back to the
development of Alcoholics Anonymous (AA) in Akron,
Ohio, in the 1930s and 1940s. It has been estimated that
nearly 1 in every 10 Americans has attended at least one AA
meeting, and it is “the most frequently consulted source of
help for drinking problems” (McCrady and Miller 1993, p.
3). Anecdotal and research evidence suggests that AA partici-
pation can promote positive alcohol-related outcomes (e.g.,
Project MATCH Research Group 1997, 1998; McKellar 
et al. 2003; Tonigan 2009), lending some credence to the
oft-quoted adage, “It works if you work it.” Several alterna-
tive treatments have been developed since and have received
favorable empirical support. In a systematic analysis of 10
published reviews of evidence-based psychosocial therapies
for AUDs, a majority of the reviews found support for CBTs,

the community reinforcement approach (CRA), motiva-
tional interviewing (MI), relapse prevention therapy (RPT),
social skills training (SST), behavioral marital (couples) ther-
apy (BCT), and brief intervention (BI) (Miller et al. 2005). 

Similar to the other modalities described here, administra-
tion of these psychosocial treatment strategies for alcohol
problems can be less straightforward with individuals who
have comorbid anxiety and AUDs. Clients with social anxiety
disorder, for example, may have difficulties with several ele-
ments of standard psychosocial approaches for alcoholism.
Many treatment programs, as well as AA, heavily rely on the
mutual help in group settings. Individuals with social anxiety,
however, may be reluctant to attend group therapy or AA
meetings or may avoid meaningful participation should they
make the effort to attend. Other activities that are integral to
participation in AA, such as sharing one’s story (i.e., public
speaking), obtaining a sponsor, and becoming a sponsor (i.e.,
initiating social contact) also can be impaired among socially
anxious alcoholics. Consistent with these hypotheses, research
has shown that at least among women with social phobia,
participation in AA may be less appealing and less effective
than other approaches (Thevos et al. 2000; Tonigan et al.
2010). Two critical elements of CBT skills training also may
be especially difficult for patients with comorbid social anxiety
disorder, including drink-refusal skills and enhancing one’s
social support network. In essence, clients need to show
assertiveness to engage in the parallel process of ending rela-
tionships and habits that are high risk for relapse while also
proactively initiating contacts and improving relationships
with others who will support recovery efforts. Therefore,
clients in CBT who also have social anxiety may particularly
benefit from additional practice with assertiveness, perhaps
including adjunctive social-skills training.

Standard delivery of RPT also may require a pivotal adap-
tation when applied to clients with comorbid anxiety disorders.
RPT emphasizes the importance of identifying an individ-
ual’s unique risk factors (e.g., high-risk situations) for relapse
and incorporates skill-development techniques to help
reduce the likelihood of lapses and to manage them should
they occur. It is widely understood in the RPT literature that
negative emotional states are particularly perilous to recovery
efforts. A classic analysis of over 300 relapse episodes impli-
cated negative emotional states, conflict with others, and
social pressure to use in nearly 75 percent of the relapses
studied (Cummings et al. 1980). To prevent relapse resulting
from negative emotional states such as anxiety, RPT recommends
stimulus control (i.e., avoidance of high-risk situations, with
escape as the next best option) as a first-order strategy (Parks
et al. 2004). Relaxation training also is recommended
because it “can help clients reduce their anxiety and tension
when facing stressful situations and minimize their typical
levels of motor and psychological tension” (Parks et al. 2004,
p. 78). For clients with both alcohol use and anxiety disorders,
however, a potential limitation of RPT is that avoidance 
of anxiety-inducing situations can preclude any potential
anxiety reduction via exposure therapy, which in contrast
requires clients to directly confront such situations. In short,
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for comorbid individuals, the avoidance and escape-oriented
coping strategies taught within RPT could perpetuate anxiety
problems. Skillful use of RPT with this subgroup of alco-
holics therefore may require adjustments to complement 
the goals of exposure therapy for anxiety (e.g., allowing pro-
longed in vivo exposure within carefully planned high-risk
situations designed to elicit anxiety) while also reducing the
chances of drinking as much as feasible. This can be achieved,
for example, by using abstinence-focused social support 
during in vivo exposure to situations eliciting anxiety or by
conducting in vivo exposure only in environments without
access to alcohol. A structured plan using imaginal and/or
graded exposure to cues that elicit anxiety also may offer a
practical balance of therapeutic risk and reward. 

It also is notable that comorbid individuals seem to be
especially ambivalent about changing their alcohol use (e.g.,
Grothues et al. 2005; Velasquez et al. 1999). For example,
Grothues and colleagues (2005) found that people with
problematic drinking and a comorbid anxiety disorder were
more likely to be in the contemplation stage of change com-
pared with problematic drinkers with or without depression,
that comorbid participants rated both the positive and nega-
tive aspects of drinking higher than comparison groups, 
and that they had lower self-efficacy to quit drinking. Also, 
both Grothues and colleagues (2005) and Velasquez and 
colleagues (1999) found that comorbid individuals reported
greater temptation to drink than did individuals without
comorbidity. People who are highly ambivalent regarding
their desire to stop drinking characteristically experience two
opposing alcohol-related motivations—the desire to experi-
ence the pleasure associated with drinking (i.e., an appetitive-
approach motivation) and the desire to avoid alcohol and its
negative consequences (i.e., negative-avoidance motivation).
This ambivalence can be a negative prognostic indicator. 
For example, profiles of approach–avoidance drinkers have
discriminated between “high lapsers” and abstainers among
alcohol-dependent patients (Stritzke et al. 2007). These find-
ings jointly suggest that ambivalence about changing alcohol
use may be particularly salient among people with comorbid
anxiety and AUDs, such that decisional balance likely is a
principal treatment target. 

The resolution of such ambivalence is a key concept of MI
and is considered essential for a meaningful change to occur
(Miller and Rollnick 1991, 2002). Accordingly, this counseling
style seeks to help clients resolve their ambivalence by eliciting
a specific class of verbal expressions (i.e., change talk) within
sessions that most strongly are associated with actual behavior
changes, especially phrases that signify a desire, ability, rea-
sons, need, commitment, or steps taken to reach specified
goals (Rollnick et al. 2007). An MI approach therefore may
be particularly well-suited for clients with high ambivalence.
In fact, meta-analyses have provided support for MI as a BI
for problem drinking (Vasilaki et al. 2006). However, brief
MI may not be optimal for drinkers with comorbid anxiety
disorders because previous studies reported no additive benefit

of BIs on either drinking outcomes or further help-seeking
in this dually diagnosed population (Grothues et al. 2008a, b).

Application of Treatment Methods
In addition to adjusting standard pharmacotherapy and psy-
chotherapy protocols for anxiety and AUDs when treating
comorbid clients, it also is crucial to apply these methods in
a way that produces the best outcomes for both disorders.
Case conceptualizations that implicate one disorder as pri-
mary (e.g., because the patient histories are consistent with
either the self-medication or the substance-induced models
of comorbidity development) may tempt clinicians to focus
treatment solely on that primary disorder. However, it gener-
ally is accepted in the comorbidity literature that this approach
is not advisable (e.g., Kushner et al. 2007; Lingford-Hughes
et al. 2002; Stewart and Conrod 2008). As reviewed earlier,
one implication of the mutual-maintenance model of
comorbidity is that neglecting to treat the second disorder
would place individuals at high risk of relapse to the disorder
that was treated, and published studies have supported this
notion (e.g., Bruce et al. 2005; Driessen et al. 2001; Kushner
et al. 2005). Recommendations to treat both anxiety and
AUDs therefore appear warranted on both theoretical and
empirical grounds. The literature for treating dual problem
specifies three primary approaches, including the sequential,
parallel, and integrated models (for a comparison, see table 3).

The Sequential Approach. In the sequential approach 
to treating comorbid anxiety and AUDs one disorder is
treated prior to addressing the other disorder. Advocates 
of this approach point out that it may be prudent to
begin, for example, by treating a client’s alcohol problem
and waiting to see whether abstinence leads to remission
of the psychiatric problem (e.g., Allan et al. 2002; Schuckit
and Monteiro 1988). This model also allows clinicians 
to engage clients who may be more ready to address one
disorder than the other, and this may be a pragmatic early
treatment strategy for comorbid clients who may only
have interest in changing one of their problems (Stewart
and Conrod 2008). This hypothesis is supported by recent
findings from a double-blind, randomized controlled trial
of paroxetine for comorbid social anxiety and AUDs, which
demonstrated that although this medication did not modify
drinking overall, it did reduce drinking prior to social
situations and appeared to uncouple social anxiety and
alcohol use (Thomas et al. 2008). The results of this study
suggest that paroxetine may be useful in this subgroup of
alcoholics by alleviating social anxiety as a reason for drinking,
and that once social anxiety symptoms are reduced, the
stage may be set for the introduction of an alcohol
intervention. Examination of this sequential treatment
strategy is underway. 

The Parallel Approach. The parallel-treatment approach
requires that specific treatments for both disorders are
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delivered simultaneously, although not necessarily by 
the same provider or even in the same facility. However,
coordination among providers and between facilities becomes
a critical issue with parallel treatments when they are not
colocated. There are noteworthy advantages of this
approach relative to sequenced treatment, such as, at least
theoretically, reducing the chances of relapse by attending
to both disorders. In light of the mutual-maintenance
patterns mentioned earlier this may be a quite significant
benefit. Also, parallel treatment may be sensible from a
practical standpoint, given that in the current treatment
culture addiction and mental health settings generally are
separated and efforts to unify and integrate treatment
services for comorbid clients have lagged well beyond

expert recommendations (Substance Abuse and Mental
Health Administration [SAMHSA] 2002). However,
several limitations of the parallel approach also exist beyond
inherent difficulties with case coordination (Stewart and
Conrod 2008). For example, clients may become overburdened
with the time and effort involved with participation in 
two treatments with potentially two providers in separate
locations. Thus, previous research has suggested that
parallel psychosocial treatments for anxiety and AUDs
may be too demanding for clients, which can negatively
influence treatment outcomes (Randall et al. 2001). In
addition, the parallel approach may convey an implicit
(and erroneous) suggestion that the two disorders are
separate, and the approach generally may be inefficient. 
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Table 3  Comparative Balance of Comorbidity Treatment Models

Model Description Advantages Disadvantages

Sequential

Parallel/simultaneous

Integrated

Treatment of one disorder 
followed by treatment of the 
second comorbid disorder 

Specific treatment of both comorbid
disorders at the same time but not
necessarily by the same provider or
in the same treatment facility

Both disorders are treated, or at
least monitored simultaneously, 
by a single qualified provider

• Can accommodate differential
treatment interests among anxiety
versus alcohol treatment seekers       

• Allows for hypothesis testing 
of causal relationships among 
presenting symptoms   

• if treatment of first disorder (e.g.
alcohol use disorders (AUD) leads
to reduction in symptoms of second
disorder (e.g. anxiety reduction),
unnecessary treatment of second
disorder may be avoided

• Roughly equivalent attention given
to both disorders

• Both disorders are treated by
experts in their respective areas

• Recognition that each comorbid
disorder needs treatment attention,
to reduce risk for relapse to each
disorder being treated based on
mutual maintenance pattern

• Treatment addresses the functional
interrelationship of comorbid disorders

• Both disorders are treated by the
same provider at the same time,
which eliminates case coordination
difficulties associated with other
treatment models

• Treatment efficiency is potentially
maximized

• Case coordination can be complicated
if different providers or treatment
settings are involved

• Mutual maintenance pattern may
compromise treatment gains for
first disorder treated, leading to
greater risk for relapse

• implicit communication to clients
that one disorder is more important
than the other 

• Case coordination can be complicated
if different providers or treatment
settings are involved

• Clients may become overwhelmed
by excessive demands of simulta-
neous treatment of two (or more)
disorders

• Can ignore functional interrelationship
among comorbid disorders

• lack of professionals qualified 
to treat both disorders, especially 
considering the wide range of
potential unique anxiety–AUD 
combinations

• Clients seeking treatment for one
problem may have no interest in
addressing the other comorbid 
disorder, which can compromise
therapeutic alliance

• Assumption of functional 
interrelationship between 
comorbid disorders may not 
fit all cases



The Integrated Approach. Integrated treatment strategies
are akin to parallel methods of combining treatments, 
but with two additional features: both disorders are treated
by a single provider and treatment explicitly addresses 
the functional interrelationship of the comorbid disorders.
This intuitively appealing approach theoretically is matched
to the mutual maintenance model, is efficient, and
communicates to clients that their dual problems are in
fact intertwined and equally require management. Based
on the range of potential advantages associated with
integrated therapy, expert opinion strongly suggests adopting
this approach to treating anxiety and AUDs (e.g., Castle
2008; Stewart and Conrod 2008; Watkins et al. 2005).
Research has provided some support for such an integrated
approach in the case of co-occurring panic disorder and
AUDs (Kushner et al. 2006, 2009). To date, however,
unfortunately only few data exist on integrated treatment,
and the incongruence between the strength of expert opinion
and paucity of supportive data has been noted in several
reviews (Baillie et al. 2010; Hesse 2009; Smith and Book
2008; Stewart and Conrod 2008; Watkins et al. 2005). In
addition, the practical obstacles to achieving integrated
treatments also are considerable, including the need for
specialty training in an underdeveloped area, conceptual
incongruence between elements of standard anxiety and
AUD treatments, and relative lack of funding opportunities
from granting agencies for these niche treatments. 

Because of the overall lack of empirical data to guide clinical
decisions on how to best sequence and combine therapies for
anxiety disorders and AUDs, it is recommended that clini-
cians consider and weigh the relative advantages and disad-
vantages of each approach when planning treatment for their
patients. The sequential, parallel, and integrated models each
are beneficial in certain respects, and each method should be
considered a valuable option in the practitioner’s toolkit. 

Summary and Conclusions

The comorbidity of anxiety disorders and AUDs is fairly
prevalent and clinically relevant. A growing body of litera-
ture has illuminated the developmental pathways through
which these disorders merge, including the common factor,
self-medication, and substance-induced routes. Although
epidemiological evidence most strongly supports the self-
medication pathway, empirical support exists for each of
these competing models, suggesting that this comorbidity 
is heterogeneous in its origin. Regardless of the method of
onset, however, once anxiety and AUDs co-occur, the
mutual maintenance model suggests that these comorbid
disorders can become engaged in a feed-forward cycle that
could be progressive if left untreated. It is important to be
mindful of the unique developmental and maintenance
characteristics associated with this comorbidity, because
these elements have a considerable influence on both diag-
nosis and treatment planning. 

Fortunately, several evidence-based strategies are available
for treating anxiety and AUDs, including both pharma-
cotherapy and psychotherapy approaches. Administration of
these methods for comorbid individuals is complex and may
require modification of standard procedures to yield the
greatest efficacy. It also is notable that the optimal sequence
and timing of treatments remain undetermined even after
decades of scientific inquiry. Although it generally has been
accepted that both the anxiety disorders and the AUDs
should be treated and that integrated approaches should pro-
duce the best outcomes, data on the efficacy of combined
treatment approaches are limited in scope and mixed overall
(e.g., Baillie et al. 2010; Schade et al. 2003; Watkins et al.
2005). In light of the current evidence, the most practical
approach to combining treatments is to weigh the benefits
and drawbacks of each method and apply them judiciously. 

Additional advances and expansion of the empirical evi-
dence are necessary to further move this area of research and
clinical practice forward. The significant impact of empirical
evidence already is evident when reflecting on the evolution
of expert opinion regarding the development and treatment
of comorbid anxiety and AUDs. Although these issues likely
will not be settled unequivocally, recent epidemiological
studies have shown that anxiety disorders among alcoholics
often are independent (e.g., Grant et al. 2004; Williams et
al. 2010) and clinical studies have demonstrated that effica-
cious treatment of one disorder does not necessarily yield
improvements in the untreated comorbid disorder (e.g.,
Thomas et al. 2008). Together, these lines of research sup-
port putative recommendations that both disorders should
be treated (see Castle 2008; Smith and Book 2008; Stewart
and Conrod 2008; Watkins et al. 2005). This understanding
and standard of care is a significant departure from earlier
views that anxiety in this population mainly was a residual
effect of heavy alcohol use and would subside with absti-
nence. Despite the significant contributions that have led 
to this paradigm shift, the anxiety–alcohol literature has
reached a plateau that is defined by frequent reviews but 
relatively limited original research, especially in the area of
randomized clinical trials with comorbid participants as the
defined population of study. A practical limitation for such
studies is that many potential anxiety disorder–AUD combi-
nations exist, and developing evidence-based protocols for
each combination would require a significant investment 
of resources. Future work may circumvent this difficulty if
the recent emergence of transdiagnostic approaches to treat-
ing anxiety disorders (Norton and Philipp 2008) generates
interventions that are effective across the anxiety spectrum.
Transdiagnostic approaches to anxiety treatment focus on
common clinical features and maintaining processes among
the anxiety disorders, and are designed to synthesize evi-
dence-based components of anxiety disorder treatments into
a unified program. This innovative development would
open the door to new lines of research primed to produce
significant advances in the field. For example, such research
could examine which shared features of anxiety disorders are
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associated with alcohol-related problems and whether a uni-
versal evidence-based transdiagnostic anxiety–AUD treat-
ment protocol focused on these factors could be achieved
rather than requiring separate evidence-based treatments for
each anxiety disorder–AUD combination. As these and
other lines of research in comorbid anxiety and AUDs con-
tinue to mature, future studies should provide further
insights into the special considerations, treatment needs, and
ideal therapeutic strategies for individuals with these dual
problems.  ■
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Early-childhood trauma is strongly associated with developing mental health problems,
including alcohol dependence, later in life. People with early-life trauma may use
alcohol to help cope with trauma-related symptoms. This article reviews the
prevalence of early-childhood trauma and its robust association with the development
of alcohol use disorders and posttraumatic stress disorder. It also examines the
potential biological mechanisms by which early adverse experiences can result in
long-lasting changes in neurobiology underlying this vulnerability, as well as
pharmacological and behavioral interventions. Recent investigations highlight the
importance of assessing trauma among patients with alcohol use disorders and the
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Children exposed to severe adver-
sity early in life are at increased
risk of subsequently developing

mental health problems, including
alcohol dependence. In general, the
onset of trauma precedes the onset of
alcohol dependence. Although it is
impossible to establish a direct causal
relationship, this temporal relationship
suggests a robust and positive relation-
ship between exposure to early-life
trauma and alcohol-related problems
later in life. People with trauma-related
symptoms and other negative conse-
quences of early-life trauma may use
alcohol to help mitigate such symptoms.
People with both a positive history of
early childhood trauma and co-occurring
alcohol dependence have a more severe
clinical profile, as well as worse treat-
ment outcomes when compared with
those with either early trauma or alcohol
dependence alone. Recent investigations
highlight the importance of assessing

trauma among patients with alcohol
use disorders and the positive benefits
associated with the application of inte-
grative psychosocial interventions that
target both trauma-related symptoms
and alcohol dependence. This article
reviews the prevalence of early-child-
hood trauma and its robust association
with the development of alcohol use
disorders and posttraumatic stress 
disorder (PTSD). It also examines the
potential biological mechanisms by
which early adverse experiences can
result in long-lasting changes in neuro-
biology underlying this vulnerability, 
as well as pharmacologic and behav-
ioral interventions.

Prevalence

There is little doubt that severe child-
hood adversity may place an individual
at life-long risk for a variety of problems,
including those related to mental health,

physical health, employment, and legal
difficulties (Putnam 2006). In a study
conducted by the Centers for Disease
Control and Prevention and Kaiser
Permanente (Adverse Childhood
Experiences [ACE] study; Felitti et al.
1998), a sample of 17,337 adults
recruited from a large health maintenance
organization were surveyed concerning
a range of adverse events that might
occur during childhood (e.g., physical
or sexual abuse, incarcerated household
member, emotional neglect) and adult
risk behaviors, health status, and dis-
ease. The investigators found a graded
relationship between the number of
adverse childhood experiences (i.e., ACE
score), risk behaviors during adult-
hood, and leading causes of morbidity
and mortality in the United States,
including heart disease, diabetes, liver
disease, and emphysema. It is possible
that these increased rates of medical
conditions are not a direct result of
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childhood adversity but rather the
result of dysfunctional and unhealthy
behaviors in which many victims of
childhood abuse engage. 
A number of studies also report that

victims of child maltreatment are more
likely to have emotional difficulties
and psychiatric disorders. One of the
most consistent results across these studies
is the finding that childhood maltreat-
ment is associated with an increased
risk for alcohol and drug use disorders
(Enoch 2011). In a population-based
sample of 1,411 female adult twins,
self-reported childhood sexual abuse
was positively associated with a number
of psychiatric disorders, but the strongest
associations were with alcohol and drug
dependence (Kendler et al. 2000). In
the ACE study, the risk of alcohol
dependence increased 7.2-fold, and
illicit drug use increased 4.5-fold for
people with four or more ACEs (Anda
et al. 2006). People with a history of
childhood abuse or neglect are vulnerable
to using alcohol in order to cope with
stressful situations, which in turn may
lead to excessive alcohol use (Schuck
and Widom 2001). An investigation
by Widom and colleagues (2007)
demonstrates that the increased risk 
of excessive alcohol use among victims
of childhood abuse or neglect is consis-
tent and stable into middle adulthood
(e.g., age 40). Furthermore, research
has shown that alcohol-dependent
patients with a history of sexual abuse
are more likely than nonabused patients
to relapse to alcohol use (87.5 vs. 63.3
percent) and to relapse more quickly
(median time to first drink = 60 vs. 115
days) in the first year following inpa-
tient treatment for alcohol dependence
(Greenfield et al. 2002). 
In addition to alcohol use disorders,

childhood adversity is associated with
an increased risk of PTSD (Widom
1999). Data from a number of studies
over the last 20 years have emphasized
the high co-occurrence of PTSD and
alcohol disorders. For example, among
3,768 female twins participating in the
longitudinal Missouri Adolescent Female
Twin Study (MOAFTS), Sartor and
colleagues (2010) found that women

exposed to trauma were nearly twice as
likely to develop alcohol dependence
(hazard ratio 1.85), and women exposed
to trauma who also had PTSD were
even more likely to develop alcohol
dependence (hazard ratio 3.54; signifi-
cantly higher than women with trauma
exposure alone) when compared with
women who had not experienced
trauma. Studies of samples of individuals
seeking treatment for alcohol use disor-
ders also find a high prevalence of
reported childhood adversity and PTSD.
In a study of men and women in treat-
ment for addictions, 62 percent reported
having been victims of childhood phys-
ical or sexual abuse (Grice et al. 1995).
A review of studies of individuals seeking
treatment for addictions reveals rates of
PTSD as high as 50 percent or greater
(Dansky et al. 1994). In the majority
of cases, the development of PTSD
precedes the development of the sub-
stance use disorder.
These high rates of childhood vic-

timization in individuals with PTSD
and alcohol and other substance-related
problems suggests that there is a link
between childhood adversity and the
development of these disorders, although
it is impossible to establish a direct
causal relationship. However, even when
studies control for demographic differ-
ences, family discord, and parental
pathology, the specific relationship
between childhood abuse and the
development of substance use disorders
holds true. Several theoretical connec-
tions have been postulated (Miller et
al. 1993). Childhood victimization
may lead to low self-esteem and the
subsequent use of alcohol to deal with
negative cognitions. It also is possible
that victims of childhood abuse feel
that their experiences make them “dif-
ferent” from other children and lead
them to withdraw from healthier social
circles toward fringe groups, where
alcohol use is more accepted. In any
case, given that victims of child abuse
are more likely to develop alcohol use
disorders as adults, early intervention,
prevention, and training for parents are
all important in interrupting this cycle
of violence and alcohol problems. 

Neurobiology

Recognizing the pervasive and detri-
mental effects of adverse childhood
experiences on quality of life and health
outcomes has led to the exploration of
potential biological mechanisms by
which early experiences can produce
long-lasting changes. Evidence from
both animal and human research sug-
gests that early stressors can lead to
neurobiological changes in systems
known to be involved in the patho-
physiology of depression, anxiety, and
substance use disorders (De Bellis et 
al. 1999; Heim and Nemeroff 2001).
The hypothalamic–pituitary–adrenal
(HPA) axis plays a critical role in the
stress response and is involved in the
pathophysiology of addictive disorders.
Early stressors cause long-term increases
in the stress response of the hormone
cortisol (Plotsky and Meaney 1993) as
well as decreased genetic expression of
cortisol receptors and increased expres-
sion of corticotropin-releasing factor 
in the hypothalamus, both of which
may contribute to dysregulation of 
the HPA axis (Ladd et al. 1996). The
noradrenergic system also plays a key
role in stress (Bremner 2003), and
early stressors can lead to long-term
decreases in a-2 noradrenergic receptors
in the locus coeruleus, which may 
lead to loss of feedback inhibition of
noradrenergic activity with associated
increases in the noradrenergic stress
responses (Caldji et al. 1998; Sanchez
et al. 2001). 
In addition to the long-lasting effects

of early trauma on the stress response,
a number of studies indicate that early
trauma has specific effects on the neu-
rotransmitter systems involved in the
positive reinforcing effects of alcohol
and drugs, particularly the brain path-
way for dopamine (i.e., the mesocorti-
colimbic dopamine system) (Meaney
et al. 2002). Higley and colleagues (1991)
found that adult rhesus monkeys raised
in peer groups without maternal care
showed increased HPA response to
stress and increased alcohol consump-
tion during periods of stress (Higley et
al. 1991). In a series of studies, Meaney



and colleagues (2002) demonstrated
that repeated periods of maternal sepa-
ration in the early life of rats decreased
dopamine transporter expression and
increased dopamine responses to stress
and behavioral responses to stress,
cocaine, and amphetamine. These
findings suggest that early-life experi-
ences can affect the development of the
mesocorticolimbic dopamine system
and lead to a vulnerability to addiction
in later life. Thus, in addition to effects
on stress reactivity, early-life events might
predispose individuals to the develop-
ment of alcohol use disorders by directly
influencing the reinforcing effects of
alcohol. Other neurotransmitter systems
involved in the pathophysiology of
alcohol dependence, such as brain-
derived neurotrophic factor (BDNF),
serotonin, and g-aminobutyric acid
(GABA) systems also are affected by
early-life trauma in ways that may
influence vulnerability to the develop-
ment of alcohol dependence, but the
mechanistic connections in these systems
are under active investigation and are
not as well understood (Enoch 2011).
Not all children exposed to early-life

trauma develop alcohol dependence or
other significant pathology, clearly sug-
gesting that resilience and mediating
factors play a role (Enoch 2011). 
The genetic risk for alcohol and drug
dependence involves multiple genes.
Emerging evidence suggests that varia-
tion in some stress-related genes may
determine the risk for psychopathology
or resilience in people exposed to early-
life trauma. In particular, it seems that
there are important variations in the
genes encoding the CRF system that
can influence the development of 
alcohol dependence following an early-
life trauma in a gene-by-environment
interaction. One study of at-risk children
found an interaction between a particu-
lar genetic variant coding for the CRF
receptor (i.e., CRHR1) and sexual
trauma in adolescents that predicted an
earlier age of onset of drinking and
heavy alcohol consumption (Blomeyer
et al. 2008). This finding is supported
by animal studies demonstrating that
the CRHR1 genotype and expression

interact with environmental stress to
reinstate alcohol-seeking in rodents
(Hansson et al. 2006), and a functional
CRF promoter variant in monkeys
conferred increased stress reactivity and
was associated with increased alcohol
consumption in animals reared under
stressful conditions (Barr et al. 2009).
These findings suggest that the interac-
tion of genetic susceptibility and envi-
ronmental exposure can lead to a
pathologically activated CRF system,
which increases the risk for the devel-
opment of alcohol dependence in
some people.

Treatment

Both behavioral and pharmacological
interventions are important to consider
in the treatment of alcohol dependence
and trauma/PTSD (Davis et al. 2006;
Weiss and Kueppenbender 2006). To
date, most empirical studies of behav-
ioral or pharmacological agents have
investigated the treatment of either
alcohol dependence or PTSD alone. 

Psychosocial Interventions
With regard to psychosocial interven-
tions, cognitive–behavioral therapies
(CBTs) are the most widely studied
and empirically valid treatments for
both PTSD and alcohol use disorders.
The CBTs used to treat PTSD fall into
three main categories: (1) exposure-based
therapies, (2) cognition-focused ther-
apy, and (3) anxiety/stress-management
therapy. Exposure-based therapies are
considered the gold standard treatment
for PTSD (Institute of Medicine 2008)
and involve having patients confront
safe, but anxiety-provoking situations
(i.e., physical location where childhood
abuse occurred), known as in vivo
exposure; and the memory of the trau-
matic experience, known as imaginal
exposure (Foa et al. 2006). With pro-
longed, repeated in vivo and imaginal
exposure, the trauma-related anxiety is
extinguished. Cognition-focused therapy
includes cognitive therapy, which
addresses the meaning that people
assign to early-life trauma; and cognitive-

s

processing therapy, which combines a
narrative element of exposure therapy
with efforts to identify and modify
unhelpful cognitions related to the
themes of safety, trust, power, esteem,
and intimacy (Resick and Schnicke
1992). Finally, stress inoculation train-
ing (Meichenbaum and Novaco 1985),
one of the most widely used and
empirically investigated forms of anxiety
management therapies, aims to provide
a sense of mastery over PTSD symptoms
by teaching patients a variety of coping
skills. Stress inoculation training also
has been incorporated into CBTs for
substance use disorders and includes
relaxation training, breathing retrain-
ing, thought stopping, self-instruction
training, assertiveness training, cogni-
tive restructuring, anger management,
and problem solving. 
Recently, integrative psychosocial

interventions have been developed to
address both trauma/PTSD and sub-
stance use disorders simultaneously
(Back 2010). Clinicians previously
believed that trauma interventions
were inappropriate until after a patient
had been abstinent from alcohol or
drugs for a sustained period of time
(e.g., 3 months). This model, known
as the “sequential” model, posits that
continued alcohol use impedes thera-
peutic efforts to address and process
the trauma, and that trauma interven-
tions commenced before sustained
abstinence would result in increased
risk of relapse. Contrary to these beliefs,
however, recent data reported by several
different investigators in the United
States and Australia show that treatment
outcomes of substance dependent patients
who engage in integrative CBT inter-
ventions typically experience signifi-
cant improvements in both conditions
and that rates of relapse are not increased
by the introduction of therapy for
trauma (Brady et al. 2001; Hien et al.
2004; McGovern et al. 2009; Najavits
2002; Triffleman et al. 1999). Proponents
of integrative treatments posit that
unprocessed trauma-related memories
and PTSD symptoms may, at least in
part, drive alcohol use. Thus, attending
to and treating the trauma-related
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symptoms early in the process of therapy
may improve the chances of long-term
recovery from alcohol (Back et al. 2006;
Hien et al. 2010). Although more ran-
domized controlled trials of integrative
treatments are needed, the studies to
date clearly demonstrate that for the
majority of alcohol-dependent patients
with trauma/PTSD, the inclusion of
trauma interventions confers substan-
tial therapeutic benefits. 

Pharmacological Interventions

There are several general issues to con-
sider when treating co-occurring alcohol
dependence and trauma/PTSD. When
pharmacological agents are used, treat-
ment should generally follow routine
clinical practice for the treatment of
PTSD. Regardless, relapse is common,
and it is critical to consider the potential
toxic interactions that may occur between
the prescribed medication and alcohol.
Given the high co-occurrence of alcohol
and illicit drug use, potential toxic
interactions between the prescribed
medication and other substances of abuse
must also be addressed. The pharma-
cological agent with the least abuse 
liability potential should be chosen 
for this population. Although benzodi-
azepines are effective in providing
immediate relief of anxiety symptoms,
they are generally not considered a
first-line treatment for patients with
alcohol dependence given the abuse
potential of benzodiazepines. During
the initial phase of treatment, when
latency of onset of antidepressants is an
issue, benzodiazepines may be consid-
ered as adjunctive medication. The
amount of benzodiazepines prescribed
to the patient should be limited, and
the patient should be closely monitored
for relapse or nonmedical use of ben-
zodiazepines or other medications.
The use of pharmacological agents

to specifically target alcohol dependence
and PTSD is underexplored. Most
studies to date, however, show promise
and suggest that patients with co-occurring
alcohol dependence and trauma/PTSD
respond well to standard PTSD phar-

macotherapies. Sertraline, a serotonin-
specific reuptake inhibitor, has been
investigated in patients with comorbid
alcohol dependence and PTSD. The
first study was a small (n = 9) open-label,
12-week trial, which demonstrated sig-
nificant pre–post decreases in alcohol
use severity (e.g., number of drinking
days, number of drinks per day), as well
as PTSD symptoms of re-experiencing
the trauma, avoidance, and hyperarousal
(Brady et al. 1995). A second study
examined the efficacy of 12 weeks of
sertraline compared with placebo in 94
patients with alcohol dependence and
PTSD (Brady et al. 2005). The primary
outcome analysis indicated no significant
effect of sertraline on alcohol-related
outcomes and only trend-level findings
for the PTSD outcomes. The sertraline-
treated group showed statistical trends
for greater improvement in the experience
of sudden flashbacks of the traumatic
event and hyperarousal symptoms (e.g.,
insomnia, inability to concentrate).
Follow-up cluster analyses suggested
that individuals with primary PTSD,
compared with primary alcohol depen-
dence, derived more benefit from 
sertraline treatment as evidenced by
significantly less severe alcohol use. The
results suggested that patients with early-
onset alcohol dependence actually had
worse alcohol-related outcomes with
sertraline treatment compared with
placebo (Brady et al. 2005).
In another study of 254 veterans

with alcohol dependence and a variety
of co-occurring mood and anxiety 
disorders (Petrakis et al. 2005), naltrex-
one, disulfiram, or a combination of
both was added to treatment as usual.
A high percentage (42.9 percent) of the
study participants had PTSD, although
data analysis for specific disorders was
not conducted. Alcohol-related outcomes
improved significantly in patients treated
with either medication alone or with
combination therapy, compared with
placebo, but there was no added
improvement with combination therapy
when compared with monotherapy.
This study strongly suggests that alco-
hol-dependent patients with co-occur-

ring PTSD should receive medications
targeting alcohol consumption.
There is good rationale for the

exploration of a number of other com-
pounds in the treatment of co-occurring
PTSD and alcohol dependence. Prazosin
blocks a specific a1-adrenergic receptor
and has shown promise in several well-
controlled trials for the treatment of
PTSD, particularly in decreasing PTSD-
related sleep disturbance and nightmares
(Raskin et al. 2007). In a preliminary
study, prazosin decreased alcohol con-
sumption in an alcohol-dependent
population (Simpson et al. 2009). This
inexpensive and relatively safe drug
warrants investigation in the treatment
of co-occurring PTSD and alcohol
dependence. In addition, several anti-
convulsant agents, such as topirimate,
have shown promise in the treatment
of alcohol dependence (Johnson et al.
2003). It is hypothesized that actions
on the glutamatergic systems might be
responsible for these agents’ therapeutic
actions. PTSD also has been associated
with glutamatergic dysregulation, and
anticonvulsant agents have shown
promise in small-number, open-label
studies in the treatment of PTSD. This
is another area in which additional
investigation is warranted. More research
clearly is needed to help advance the
behavioral and pharmacological treat-
ment of co-occurring trauma/PTSD
and substance use disorders.

Conclusions

Epidemiologic studies as well as studies
in treatment-seeking populations con-
verge to support the finding that early-
life trauma is common in people with
alcohol dependence. There are a number
of potential mechanistic explanations
for the connection between early-life
trauma and the development of alcohol
dependence. These include psychological
and developmental issues that are
affected by trauma, as well as neurobi-
ological effects of early trauma that can
lead to increased vulnerability to the
development of alcohol and other sub-
stance use disorders. These explanatory



hypotheses are not mutually exclusive.
There is a growing literature on effica-
cious psychotherapeutic and pharma-
cotherapeutic treatments for individuals
with co-occurring PTSD and alcohol
dependence. Integrative psychosocial
interventions combining efficacious
interventions from the alcohol and PTSD
fields have shown promise. Evidence
suggests that agents targeting alcohol
consumption (i.e., disulfiram, naltrex-
one) can be useful in patients with 
co-occurring PTSD and alcohol
dependence, but additional investigation
clearly is needed. ■
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Problematic alcohol use within the
United States military has been
linked to substantial financial and

productivity losses. Data from 2006
revealed that excessive alcohol consump-
tion cost the U.S. military $1.12 billion
per year (Harwood et al. 2009).
Regarding medical expenditures, studies
have found that excessive alcohol use
by military members results in an annual
cost of $425 million. Excessive drink-
ing within the military is estimated to
result in a loss of 320,000 work days
and 34,400 arrests per year, half of
which are for driving under the influ-
ence. Finally, these data indicate that
each year excessive alcohol use results
in 10,400 active-duty military being
unable to deploy and 2,200 being 
separated from service duty. Given the
substantial cost of alcohol misuse, it is
imperative to examine factors that may
contribute to problematic drinking so

that interventions can be employed to
address this issue within the military.
This article will examine the links

between military traumatic stress and
mental health problems, such as post-
traumatic stress disorder (PTSD) and
between military traumatic stress and
problematic alcohol use. Furthermore,
it will summarize the pathways that
may explain these links and describe
possible implications for assessment
and interventions with veterans. 

Prevalence of Problematic
Alcohol Use in the U.S. Military

Frequent heavy drinking, defined as
consuming five or more drinks on one
or more occasions per week, occurs
among a substantial proportion of U.S.
military personnel and varies as a func-
tion of military demographic character-
istics. In a large-scale survey, Bray and

Hourani (2005) found that the preva-
lence of frequent heavy drinking in the
military from 1980 through 2005 ranged
from 15 to 20 percent. Consistent with
findings from civilian samples that
show gender differences in rates of
heavy drinking, military men were
nearly 3.5 times more likely to report
frequent heavy drinking compared
with women in the military. Frequent
heavy drinking also varied as a function
of ethnicity, with Hispanic and non-
Hispanic Whites exhibiting higher
rates of problematic drinking than
non-Hispanic Blacks. In addition, mili-
tary rank significantly correlated with
frequent heavy drinking; rates were six
times greater among enlisted personnel
with the lowest rankings compared
with officers. Rates of heavy drinking
also varied as a function of military 
service branch, with those in the Army,
Navy, and Marines being more likely 
to report frequent heavy drinking than



402 Alcohol Research: C u r r e n t  R e v i e w s

those in the Air Force. Other population-
based studies of the U.S. military have
found that heavy drinking is more
likely to occur among younger military
members (Stahre et al. 2009). Together,
these results suggest that certain military
demographic groups (e.g., younger,
low-ranking, non–Air Force, White or
Hispanic men) may be especially prone
to engage in frequent heavy drinking.
Young adults in the military are

more likely than their civilian counter-
parts to engage in heavy drinking. For
example, Ames and Cunradi (2004)
found that rates of heavy drinking
were significantly higher among male
military personnel aged 18 to 25 years
(32.2 percent) compared with male
civilians in a similar age range (17.8
percent). The researchers also found
significantly elevated rates of heavy
drinking among women in the military
compared with similarly aged female
civilians (5.5 percent). In addition to
demographic factors, military-related
stressful events also may contribute to the
high rates of problem drinking observed.
Alcohol misuse also frequently occurs

among a substantial proportion of com-
bat veterans. In one population-based
study of 88,235 veterans returning
from Operation Iraqi Freedom (OIF),
Milliken and colleagues (2007) found
that 12 to 15 percent of veterans endorsed
problematic alcohol use in the 3 to 6
months following their return from
combat. These data suggest that alcohol
misuse occurs among a substantial
number of veterans who are exposed to
combat-related traumatic stress and
highlight the importance of understand-
ing the relationships between stressful
military experiences (e.g., combat and
military sexual trauma) and alcohol
misuse. 

Military Trauma and 
Stress-Related Disorders

Stress-related disorders in response to
military service have been noted
throughout history. Whether labeled
“combat fatigue” or “shell shock” or
PTSD, there have been consistent

reports in the literature documenting
that exposure to combat experiences
can lead to an impairment of psycho-
logical functioning in military person-
nel (Foa et al. 2009). Beginning with
the Vietnam War, and more recently
with the wars in Iraq and Afghanistan
(Department of Defense [DOD], 2007,
p. ES-1), PTSD has been the most
commonly diagnosed mental health
disorder for veterans returning from

combat. Epidemiological studies of
Operation Enduring Freedom (OEF)/
OIF veterans treated in the Department
of Veterans Affairs (VA) health care system
have found that 14 to 22 percent of
returning veterans were diagnosed with
PTSD (Seal et al. 2009; Tanelian and
Jaycox 2008), making it the signature
psychological wound of these two wars
(DOD 2007). People are diagnosed
with PTSD after exposure to a trauma
if they experience a strong emotional
response to the event that is followed
by persistent difficulty in three key areas,
including reexperiencing (e.g., night-
mares, flashbacks), arousal (e.g., startle
response, sleep disturbance), and
avoidance (e.g., withdrawal from people,
places, and other reminders of the
trauma). These disruptions often lead
to an impaired ability to function in
social, educational, and work environ-
ments, making PTSD a very debilitating
condition. More recently, research has
found that PTSD and related disorders,
such as depression, can develop in mil-
itary personnel not only as a result of
combat exposure but also as a result 
of childhood traumas, military sexual
trauma (MST), mortuary affairs duty,
and training accidents (Foa et. al. 2009).

Military Trauma and 
Alcohol Misuse

Not only does military trauma increase
the likelihood of developing stress-
related mental health disorders such 
as PTSD or depression, but, as alluded
to earlier, there is also evidence that
traumatic experiences are related to
problematic alcohol use among military
members. One form of military trau-
matic stress that has been surprisingly
under-researched is the psychological
impact of exposure to killing within a
combat setting. In a series of studies,
Maguen and colleagues (2010a, b)
examined the relationships among
experiences with killing within combat
and  psychological adjustment of combat
veterans, including problematic alcohol
use. As predicted, engaging in killing
during combat was related to PTSD
symptoms but also was independently
linked to problematic alcohol use as
well as the overall quantity and frequency
of alcohol use among these soldiers.
These results suggest that killing within
the context of combat may be a dis-
tinctive risk factor for heavy drinking
and problematic alcohol use following
combat among members of the military.
In addition to combat-related traumatic

experiences elevating the risk for alcohol
misuse, there is also evidence that MST
is associated with alcohol misuse among
military personnel. In a review of the
literature on MST, Suris and Lind (2008)
examined the relationship between MST
experiences and mental and physical
health outcomes. They concluded that
MST was related to a variety of negative
mental and physical health outcomes,
including elevated rates of alcohol misuse
among those who experienced MST
compared with nontraumatized indi-
viduals. Taken together, these results
suggest that various forms of military
trauma, including exposures to killing
in combat and MST, elevate the risk
for problematic alcohol use among
members of the military. These findings
also suggest that alcohol misuse is likely
to co-occur with other posttraumatic
mental health disorders, such as 
PTSD and depression, among military

Young adults 
in the military 
are more likely 
than their civilian 
counter-parts to 
engage in 

heavy drinking.
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personnel. Therefore, it is important to
examine the co-occurrence of alcohol
misuse within the context of these
posttraumatic mental health disorders
and to develop models that might
explain these comorbidities.

Is Alcohol Used to 
Self-Medicate Symptoms 
of Military Posttraumatic
Psychiatric Disorders?

The self-medication hypothesis has
been proposed to explain the relation-
ship between military traumatic stress
and alcohol use disorders. According 
to this model, the relationship between
traumatic events and the heightened
risk for an alcohol use disorders is
mediated by the occurrence of PTSD
or other posttraumatic psychiatric dis-
orders (Jacobsen et al. 2001; Khantzian
1999). Specifically, traumatic events
are proposed to lead to psychiatric 
disorders such as PTSD or depression,
and individuals manifesting these 
conditions may turn to alcohol use 
as a means of “self-medicating” their
symptoms. From a learning-theory
paradigm, alcohol use is hypothesized
to be negatively reinforcing in that it
provides immediate and short-term
relief from posttraumatic psychiatric
symptoms. For example, military veter-
ans with PTSD reported using alcohol
to specifically cope with re-experiencing
and hyperarousal symptoms (Bremner
et al. 1996), and given the powerful,
short-term negative reinforcement
effects of alcohol, the theory postulates
that people may begin to use alcohol
frequently and excessively, resulting 
in the development of an alcohol use
disorder. 
Although the self-medication

hypoth esis proposes that the initial
development of an alcohol use disorder
is reactionary to PTSD or other post-
traumatic psychiatric disorders, an
important corollary is that alcohol abuse
impedes recovery and even worsens
symptoms of posttraumatic mental health
disorders. Within a cognitive–behavioral

paradigm that attempts to understand
the necessary conditions to recover
from PTSD, it is hypothesized that the
individual must be able to eliminate
avoidance of stressful situations—i.e.,
they must put themselves into contact
with people, places, or things that are
objectively safe but that continue to
cause distress, such as being in crowds,
thinking about the trauma, or experi-
encing emotions related to the trauma
(Foa and Kozak 1986). Alcohol misuse
can interfere with this necessary pre-
condition for recovery by leading indi-
viduals to continue to engage in
unhelpful avoidance behaviors. In fact,
within the self-medication framework,
alcohol use can in itself be conceptual-
ized as an avoidance behavior (e.g.,
using alcohol to avoid thinking about
the traumas). In addition, alcohol
withdrawal symptoms can mirror or
exacerbate the symptoms of PTSD
(Jacobson et al. 2001). For example,
people experiencing post–acute with-
drawal may have increased irritability,
sleep problems, difficulty concentrat-
ing, and anxious and depressed mood,
all of which overlap with symptoms 
of PTSD or depression. Thus, alcohol
misuse feeds back into the posttrau-
matic mental health symptoms, in a
bidirectional manner (see the figure).

Not only do alcohol use disorders
complicate recovery from posttraumatic
mental health disorders, such as PTSD,
but these stress-related conditions have
been found to impede recovery from
alcoholism. Ouimette and colleagues
(1999) found that substance-dependent
veterans with PTSD had poorer sub-
stance abuse treatment outcomes after
2 years compared with those without
PTSD. Consistent with these results,
Brown and colleagues (1999) found
that substance-dependent individuals
with co-occurring PTSD relapsed more
quickly than those without PTSD.
Taken together, these results suggest
that the co-occurrence of an alcohol
use disorder with PTSD provides a
substantial barrier to recovery from
both of these disorders.
Although large-scale research from

civilian populations have found sup-
port for the self-medication hypothesis
(e.g., Breslau et al. 1991), there has
been less research on this theory in
post–Vietnam War era samples. In a
study of OEF/OIF veterans, Jakupcak
and colleagues (2010) found that
although combat exposure per se did
not increase the risk for alcohol misuse,
screening positive for PTSD or depres-
sion doubled this risk. The authors
concluded that the findings may be

Figure    Self-medication model explaining the link between traumatic stress and alcohol 
use disorder.
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consistent with the hypothesis that these
veterans were misusing alcohol as a
means of coping with symptoms of
PTSD and depression. In addition, the
authors found that alcohol misuse was
particularly associated with emotional
numbing symptoms of PTSD, suggest-
ing that veterans may have been drink-
ing alcohol in an effort to improve their
mood or to increase emotional connec-
tivity with others. However, because
these data were collected cross sectionally,
it was not possible to clearly examine
the causal and temporal relationship
between the development of the psy-
chiatric symptomatology and the onset
of alcohol use disorders, raising questions
regarding the directionality of these
relationships.
Evidence shows that PTSD is not the

only stress-related condition that might
mediate the relationship between stress
and alcohol misuse in military person-
nel. In a stratified, large-scale sample 
of military reservists, Gradus and col-
leagues (2008) examined whether
symptoms of depression explained the
relationship between military sexual
harassment experiences and alcohol
misuse, and they found that more severe
sexual harassment was related to greater
depression symptoms among female
reservists. In addition, experiencing
greater amounts of sexual harassment
was related to higher alcohol misuse.
However, when depression symptoms
were entered into the equation, the
relationship between women’s experi-
ence of sexual harassment and alcohol
misuse was no longer significant.
These data suggest that female military
reservists may be prone to abuse alcohol
as a way of coping with depression
symptoms that are secondary to experi-
encing military sexual harassment.

Does Heritability Play a Role 
in Military Members’ Alcohol
Misuse and Posttraumatic
Psychiatric Disorders?

Research on veterans suggests that
common genetic underpinnings may
partially explain the relationship between

combat exposure, posttraumatic psy-
chiatric disorders, and alcohol misuse.
Much of this evidence comes from stud-
ies that are derived from the Vietnam
Era Twin Registry (McLeod et al. 2001;
Scherrer et al. 2008; Xian et al. 2000).
This registry involves a large-scale sample
of monozygotic and dizygotic twin pairs
who served in the military during the
Vietnam era. By examining the rela-
tionships between degree of combat
exposure, posttraumatic psychiatric dis-
orders, and alcohol misuse among twin
pairs that share identical (i.e., monozy-
gotic) or nonidentical (i.e., dizygotic)
genetics, researchers derived estimates
as to the relative degree of genetic and
environmental contributions in explain-
ing experiences in these domains. 
Several conclusions were reached by

studies of the Vietnam Era Twin Registry
data. PTSD and alcohol use problems
were both found to be influenced by
genetics, although environmental factors
explained about one-half of the variance
in alcohol misuse and over one-half 
of the variance in PTSD symptoms
(McLeod et al. 2001; Xian et al. 2000).
These findings suggest that although
genetic factors are notable in explaining
these disorders, environmental factors
are equal to, if not more substantive,
than genetics. Of interest, Xian and
colleagues (2000) found that shared
family environment did not add to the
model in predicting these disorders.
This suggests that environmental factors
other than the family environment may
be responsible for much of the varia-
tion in PTSD and alcohol misuse. In
addition, these studies concluded that
a common genetic element partially
accounts for the co-occurrence of com-
bat exposure, posttraumatic psychiatric
disorders, and alcohol misuse. In other
words, genetic factors may predispose
individuals to end up in combat situa-
tions and to develop symptoms of PTSD,
depression, and alcohol use disorders.
Building on this finding, Scherrer and
colleagues (2008) found that the genetic
and environmental contributions to
PTSD, in particular, explained the link
between combat and alcohol misuse as
well as combat and depression. This

suggests that a combination of genetic
and environmental vulnerability for 
the development of PTSD may entirely
explain linkages between combat expo-
sure and later alcohol misuse and devel-
opment of depression. Such a conclusion
is important because it suggests that
improving understanding of the etiology
of and treatment for PTSD may be a
key to addressing alcohol misuse and
depression following combat exposure.

Is Alcohol Misuse a 
Pre-existing Risk Factor for
Traumatic Stress Recovery?

Although it is possible that military
members may engage in alcohol mis-
use as a way of trying to cope with
posttraumatic psychiatric symptoms,
there also is evidence to suggest that
pre-existing alcohol misuse contributes
to posttraumatic psychiatric maladjust-
ment. A longitudinal study by Dickstein
and colleagues (2010) found several
trajectories of recovery from PTSD
symptoms among U.S. soldiers who
were deployed to Kosovo on a peace-
keeping mission. Although most sol-
diers (84 percent) exhibited a resilient
recovery following their deployment
(i.e., low initial PTSD symptoms that
decreased over time), a minority exhib-
ited problematic levels of PTSD during
the follow-up period. After controlling
for other possible risk factors, higher
predeployment alcohol misuse distin-
guished soldiers who experienced PTSD
symptoms over the postdeployment
follow-up period. These results suggest
that problematic drinking prior to the
traumatic combat experience may be 
a risk factor for some soldiers to exhibit
PTSD symptoms following combat
exposure. 
Although these findings suggest that

problematic alcohol use may be a risk
factor that precedes the development
of PTSD, they are not necessarily
inconsistent with the self-medication
model. Predeployment alcohol misuse
may be a behavioral signal for soldiers’
pre-existing maladaptive coping strate-
gies. For example, soldiers who misuse
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alcohol prior to deployment may be
especially prone to abuse alcohol fol-
lowing deployment as a way of trying
to self-medicate PTSD re-experiencing
symptoms and to avoid difficult and
painful emotions. This type of avoidance-
based coping strategy is considered an
underlying factor in the exacerbation
of PTSD symptoms (Foa and Kozak
1986). Hence, these soldiers may be
especially prone to attempt to self-
medicate posttraumatic psychiatric
symptoms, thereby worsening the
course of the posttraumatic psychiatric
condition.
Findings from Dickstein and col-

leagues (2010) that alcohol misuse is 
a risk factor for PTSD can also be con-
sidered from the perspective of genetics
research on combat, PTSD, and alcohol
misuse. As previously described, the
common genetic and environmental
elements that connect alcohol misuse
with combat exposure seem to be those
shared through PTSD (Scherrer et al.
2008). Hence, the evidence reported
by Dickstein and colleagues (2010) may
be attributed to the common genetic
and environmental vulnerabilities that
alcohol misuse shares with PTSD. In
this way, predeployment alcohol misuse
may be an observed indicator of an
underlying latent environmental and
genetic vulnerability for the develop-
ment of PTSD. Clearly, additional lon-
gitudinal research is required to tease
out how environmental and genetic risk
factors influence the course of develop-
ing PTSD and alcohol use disorders.

Traumatic Brain Injury, 
Alcohol Misuse, and 
Stress-Related Disorders

The causal links between alcohol mis-
use and posttraumatic mental health
problems are further complicated by
the role of traumatic brain injury (TBI)
among military members. The rates of
traumatic brain injury resulting from
combat have increased dramatically
with veterans from OEF and OIF ver-
sus veterans from prior conflicts. This
increase in rates of TBI may be at least

partially explained by improvements in
body armor and the medical response
to combat injuries. With these modern
technologies, OEF and OIF veterans
are now able to survive injuries that
would have resulted in death in prior
combat eras. However, many of these
OEF and OIF veterans who now sur-
vive combat trauma are left with the
repercussions of TBI. These TBI events
often result from blast exposure during
combat, which also can lead to post-
traumatic mental health disorders
(Corrigan and Cole 2008). Some studies
have found that up to 44 percent of
veterans who reported loss of con-
sciousness and 27 percent of veterans
who reported altered mental status also
met criteria for PTSD (Hoge et al. 2008).
Given this co-occurrence, defining the
etiology of these presenting complaints
can be difficult. Furthermore, the rela-
tionship between alcohol misuse and
TBI often is complex because heavy
drinking may predate and predispose
individuals to experiencing a TBI (i.e.,
TBI can result from accidents that
occur when people are under the influ-
ence of alcohol). In addition, alcohol
misuse can exacerbate the complications
of TBI by worsening TBI symptom
severity (e.g., persistent memory prob-
lems) and by further increasing an
individual’s risk for experiencing addi-
tional alcohol-related TBI events. In
summary, there are likely to be multiple
interrelated factors explaining the 
relationship between experiencing
traumatic events and alcohol misuse
among members of the military.

Implications for Assessment
and Intervention

Research on the self-medication hypoth-
esis and genetic studies suggests that
alcohol misuse following military trauma
is likely to be highly related to the co-
occurrence of PTSD and other post-
traumatic psychiatric problems. Thus,
early screening and identification of
those who are exhibiting posttraumatic
mental health problems is an impor-
tant first step in intervention. In addi-

tion, given the demonstrated vulnerability
for those with posttraumatic psychi-
atric disorders to also exhibit alcohol
misuse, screening and intervention
efforts should be comprehensive in
addressing this common comorbidity. 
Although posttraumatic psychiatric

problems may be an important medi-
ating factor between military trauma
and alcohol misuse, alcohol misuse
within the military is a complex phe-
nomenon and one that is likely to have
causal factors. As alluded to above,
military personnel who misuse alcohol
prior to experiencing military-related
trauma may be prone to abuse alcohol
following trauma, even in the absence
of developing posttraumatic mental
health problems. Thus, efforts by the
military and Veterans Affairs (VA) to
screen for early signs of alcohol misuse
are important to identify at-risk indi-
viduals before they are exposed to
combat-related trauma. As shown by
Dickstein and colleagues (2010), mili-
tary members who exhibit a pretrauma
history of alcohol misuse may be prone
to exhibit poorer recovery from PTSD
symptoms following trauma exposure.
Therefore, interventions to screen for 
a history of alcohol misuse also may
help to target individuals who are at
risk for developing increasingly severe
PTSD symptoms following military
trauma exposure.
In response to this need, the VA

Healthcare System has taken extensive
measures to address the issue of co-
occurring substance use disorders and
PTSD. For example, funding has been
provided to establish substance use 
disorder–PTSD specialists who augment
specialized PTSD treatment programs.
The role of these specialists is to facili-
tate the assessment and diagnosis of
these disorders in returning veterans
and serve as a primary provider of
mental health services for veterans with
these comorbid conditions. Of note, a
VA consensus panel (Department of
Veterans Affairs 2009) recommended
that specialists in these positions provide
first-line evidence-based treatments
such as Seeking Safety (Najavits 2002)
or motivational interviewing (Miller



and Rollnick 2002). The panel also
recommended that substance use disorder
treatment programs should continue
to use empirically supported treatments
focused on treating the substance use
disorder. Likewise, the panel recom-
mended that PTSD treatment programs
should continue to provide evidence-
based treatments targeting PTSD.
Finally, the panel concluded that the
superiority of any one given treatment
approach above another is not sup-
ported by the literature to date and that
no “gold standard” treatment exists at
this time. This serves as a reminder that
ample opportunities exist within the
VA and military settings to further study
these existing treatments and to develop
alternative approaches to treating these
comorbid conditions.  

Summary

Alcohol misuse is a problem among a
significant minority of the U.S. mili-
tary. Military-related traumatic stress
seems to elevate risk for individuals to
misuse alcohol. The co-occurrence of
posttraumatic psychiatric disorders
seems to play a major explanatory role
in the association between military stress
and alcohol misuse. Screening and
intervention for alcohol misuse, partic-
ularly following exposure to military-
related trauma, is clearly needed, as are
integrated treatments that address con-
joined alcohol and PTSD problems.  ■
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stress and alcohol 
Epidemiologic Evidence

exposure to varying forms of stress
is an integral life experience that
can provoke a variety of reactions.

In research on alcohol, drug, and 
psychiatric disorders, the term “stress”
often is understood to indicate any expe-
rience denoting adversity (Dohrenwend
2000). Stress exposures consist of external
stimuli that are threatening or harmful;
elicit fear, anxiety, anger, excitement,
and/or sadness; and are negative in impact
and outcome (Sinha 2001, 2008).
Mild to moderate levels of stress can
present challenges that are within a
person’s capability to overcome, pro-
ducing a sense of mastery and accom-
plishment that eventually result in a
positive outcome. However, adverse
experiences that exceed the coping 
abilities of the individual increase the
risk for psychopathology (Lazarus
1999; Levine 2005; McEwen 2007;
Selye 1976; Sinha 2008). 

Just as people vary in their capabili-
ties, stress exposures can be viewed as
varying across several dimensions (see
figure 1). One dimension is severity,
which can range from mild (e.g., the
daily hassles of family and job among
healthy individuals whose basic needs
are met) to severe (e.g., extreme adversity
that threatens the life, physical integrity,
health and home of oneself and one’s
loved ones). Other dimensions, not
necessarily orthogonal to each other,
include whether the stressor occurred
during childhood or maturity, the
degree to which the stressor is acute or
chronic and expected or unexpected,
whether the threat is emotional or
physical, and the difficulty of discern-
ing whether the stressor was the cause
or consequence of the health outcome
under consideration. 
This article presents evidence for the

effect of four categories of stressors,

Exposure to stress often is psychologically distressing. The impact of stress on alcohol
use and the risk of alcohol use disorders (AUDs) depends on the type, timing during
the life course, duration, and severity of the stress experienced. Four important
categories of stressors that can influence alcohol consumption are general life stress,
catastrophic/fateful stress, childhood maltreatment, and minority stress. General life
stressors, including divorce and job loss, increase the risk for AUDs. Exposure to
terrorism or other disasters causes population-level increases in overall alcohol
consumption but little increase in the incidence of AUDs. However, individuals with a
history of AUDs are more likely to drink to cope with the traumatic event. Early onset of
drinking in adolescence, as well as adult AUDs, are more common among people who
experience childhood maltreatment. Finally, both perceptions and objective indicators
of discrimination are associated with alcohol use and AUDs among racial/ethnic and
sexual minorities. These observations demonstrate that exposure to stress in many
forms is related to subsequent alcohol consumption and AUDs. However, many areas
of this research remain to be studied, including greater attention to the role of various
stressors in the course of AUDs and potential risk moderators when individuals are
exposed to stressors. Key worDs: alcohol use and abuse; alcohol use disorders;
stress; stress as a cause of alcohol and other drug use; risk factors; psychological
stress; stress response; coping; stressors; general life stress; catastrophe; child
abuse; minority group; epidemiological indicators

K.M. Keyes, Ph.D.; M.l. hatzenbuehler, Ph.D.; Bridget F. Grant, Ph.D., Ph.D.;
and Deborah s. hasin, Ph.D.

K.M. Keyes, Ph.D., is an assistant
professor of epidemiology in the
Department of Epidemiology,
Mailman School of Public Health,
Columbia University, and a data
analyst at the New York State
Psychiatric Institute, both in 
New York, New York.

M.l. hatzenbuehler, Ph.D., is 
a Robert Wood Johnson Health
and Society Scholar at the
Center for the Study of Social
Inequalities in Health, Mailman
School of Public Health,
Columbia University, New York,
New York.

Bridget F. Grant, Ph.D., Ph.D., 
is chief of the Laboratory of
Epidemiology and Biometry,
Division of Intramural Clinical
and Biological Research,
National Institute on Alcohol
Abuse and Alcoholism,
Bethesda, Maryland.

Deborah s. hasin, Ph.D., is a
professor of clinical epidemiology
in the Department of Psychiatry,
College of Physicians and
Surgeons, Columbia University;
and a research scientist at the
New York State Psychiatric
Institute; both in New York, 
New York.



including general life stress, catastrophic/
fateful stress, childhood maltreatment,
and minority stress, each of which
encompasses a range of specific kinds
of stressors (see figure 2). Each cate-
gory of stressors is evaluated according
to the dimensions shown in figure 1,
and the extant epidemiologic evidence
for the effect of each on both alcohol
use and alcohol use disorders (AUDs)
is reviewed.

General life stressors 
and aUDs—evidence 
From National surveys

National surveys often include some
measure of general life stress that may
range from common experiences, such
as moving or changing jobs, to uncom-
mon experiences, such as severe threats
to personal integrity and arrest. The
severity of the events often is variable;
for example, a divorce that may be
stressful for some individuals can be 
a relief for others, and the death of a
relative may refer to a parent or spouse
or to a distant relative with little con-
nection to the respondent’s day-to-day
life. Nevertheless, the overall number
of these experiences is related to alcohol
outcomes (see table 1). In the 2001–
2002 National Epidemiologic Survey
on Alcohol and Related Conditions,
respondents reported on 12 general life
stressors, ranging from items such as
changing jobs or moving, to trouble
with a boss or coworker, trouble with 
a neighbor, and a family member in
poor health, to being the victim of a
crime, being unemployed or fired from
a job, and divorce or breakup of a
steady relationship. The data show 
that the number of past-year stressors
experienced was related to any current
drinking, current binge drinking (i.e.,
consuming five or more drinks for
men or four or more drinks for women
at least once in the past year), and current
AUDs. Among men, the relationship
with each alcohol outcome steadily
increased from 0 to approximately 6
stressors, after which the relationship
tapered off and tended to decrease at

10 or more stressors. Among women,
the relationship with each outcome
generally was more linear, with
increases in prevalence at each increase
in past-year stressors (see table 1). 
Various studies in smaller adult com-

munity samples also have found that
the number of general life stressors is
associated with alcohol consumption
and problem alcohol use (which may
not necessarily meet the criteria of an
AUD) (Cole et al. 1990; King et al.
2003). However, one population-based
longitudinal study of older adults
(mean age 61 years) did not demon-
strate long-term effects (i.e., at 1 year
or more after the event) of acute stress-
ful life events on patterns of alcohol
consumption (Skaff et al. 1999). A
national prospective study of 3,006
women found an increased risk of
alcohol abuse after being an assault 
victim, with no evidence of reverse
causation (i.e., that alcohol consump-
tion alone contributed to the risk for
assault) (Kilpatrick et al. 1997).
However, other studies have indicated

that excessive alcohol use also increases
the risk for sexual assault (Abbey et al.
1994; Corbin et al. 2001); therefore,
the relationship between assault and
alcohol use likely is bidirectional. Finally,
several general population studies have
found an increase in the incidence of
AUDs following job loss, particularly
among men (Catalano et al. 1993;
Crawford et al. 1987). It is noteworthy,
however, that the context of a job loss
likely is important for its impact on
the risk of AUDs. For example, the
meaning of the lost job may be differ-
ent for a worker whose plant is shut
down after he or she has worked for 
30 years in the same position compared
with an artist or a musician accustomed
to temporary work. Nevertheless, these
studies indicate that any type of job
loss is associated with increased risk 
of AUDs. 
Genetic factors may influence the

relationship between exposure to gen-
eral stressors and alcohol and other
drug use. In a longitudinal study of
295 college students who for 2 years
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Figure 1  Dimensions of stressful experiences.
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provided daily reports of stressful
events as well as alcohol and drug use
via the internet, those who carried two
copies of a specific variant in regula-
tory region of the gene encoding a 
protein involved in the actions of the
brain signaling molecule serotonin
(i.e., who were homozygous for the 
s allele of 5-HTTLPR serotonin trans-
porter promoter) were at substantially
increased risk for heavy drinking and
drug use if they experienced a high
level of stressful life events compared
with students carrying only one or no
copy of this allele (Covault et al. 2007).
It also is important to note that daily

exposure to interpersonal stress, such 
as problems at work, trouble with the
police, or breakup of romantic rela-
tionships also may be influenced by
having an AUD. Although these expo-
sures likely are stressful for anyone
experiencing them, they can be as much
a consequence as a cause of an AUD.
Therefore, teasing apart the temporal
and causal directions of relationships
between these adult stressors and 

alcohol use is a difficult task in general-
population epidemiologic samples.  

Fateful/catastrophic events 
and aUDs

With respect to the various correlated
dimensions of stress in human popula-
tions described earlier, fateful/catas-
trophic events, such as direct exposure
to a disaster or terrorism attack, typically
lie on the more extreme end of the

severity continuum. These stressors
usually are acute and unexpected, and
exposure is very unlikely to result from
an individual’s alcohol consumption.
However, the “fatefulness” of the event
may depend on the specific circum-
stances of the event. For example,
studies of people exposed to nightclub
disasters (e.g., from fires and terrorist
attacks) (Kennedy et al. 2005; Mahoney
et al. 2005) involve individuals who
are younger and more likely to consume
alcohol than the general population.
The study of such events still may pro-
vide important information, but the
type of individuals involved and the
appropriate control group must be
considered carefully. Fateful/catastrophic
events can involve both physical threat
to one’s life and emotional threat (e.g.,
knowing someone lost or killed in the
fateful/catastrophic incident, fear of
additional exposures) and generally can
occur at any point in the life course.
Both in the United States and inter-

nationally, many studies have addressed
the relationship between different types
of natural and man-made disasters and
alcohol consumption, including studies
of exposure to natural disasters, such as
flooding (North et al. 2004), volcano
eruptions (Adams and Adams 1984),
earthquakes (Shimizu et al. 2000), and
hurricanes (Cerda et al. 2011; Kohn et
al. 2005). Studies also have investigated
the consequences of exposure to man-
made disasters, such as mass shootings
(North et al. 1994; Smith et al. 1999),
fire or grotesque death (Green et al.
1985; Reijneveld et al. 2003; Sims and
Sims 1998), ferry disasters (Joseph et
al. 1993), and nuclear accidents (Kasl
et al. 1981). Studies covering a time-
frame of a year or less after the disaster
consistently have indicated postdisaster
increases in alcohol consumption (Joseph
et al. 1993; Kasl et al. 1981; Kohn et
al. 2005; Reijneveld et al. 2003; Sims
and Sims 1998; Smith et al. 1999).
Studies with multiple and/or longer
followups generally have found attenu-
ation of this relationship over time
(Joseph et al. 1993). 
Several studies also have addressed

alcohol consumption in response to

Figure 2  Four categories of stressors and examples of exposures within each stress category.
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exposure to terrorism. Substantial
research on mental health in general
and alcohol consumption specifically
has been conducted after the terrorist
attacks on the World Trade Center in
New York City and the Pentagon in
Washington, DC, on September 11,
2001 (9/11). These studies have indicated
that alcohol consumption generally
increased in both New York City and
elsewhere in the short term following
the attacks. Thus, increased alcohol use
was found among the following groups:

• Survivors of the attack on the
Pentagon (Grieger et al. 2003);

• Residents of Manhattan in the one
month and/or six months following
the attack (Ho et al. 2002; Vlahov
et al. 2002, 2004); 

• Residents in the tri-State area of
Connecticut, New York, and New
Jersey (Melnik et al. 2002); and 

• Adults from a nationally representa-
tive sample (Stein et al. 2004). 

Longer-term studies showed increased
alcohol consumption 1 and 2 years
later among New Yorkers at greater
exposure levels to the attack (Boscarino
et al. 2006). 
Few studies have examined alcohol

use and terrorism exposure outside 
the United States, but two studies of
adolescents in different cities in Israel
found that geographic proximity to
terrorist attacks was associated with
greater quantity and frequency of
drinking as well as with binge drinking
(Schiff et al. 2006, 2007). 
Several studies have been able to

control for predisaster drinking levels,
the lack of which had been a limitation
of most of the aforementioned epidemi-
ologic research. These studies have 
documented an increase in alcohol
consumption following exposure to
disaster independent of the consumption

levels measured prior to the exposure
(Cerda et al. 2011; Hasin et al. 2007a;
Richman et al. 2004). A recent meta-
analysis of 27 studies assessing substance
use in response to terrorism that included
studies with follow-up times ranging
from 1 week to more than 2 years
found a pooled effect indicating that
the population level of alcohol con-
sumption is increased following a 
terrorist attack (DiMaggio et al. 2009). 
The research described above focuses

on any alcohol consumption after dis-
aster. Studies of AUDs and problem
drinking following major disasters have
been less consistent. Following the
Oklahoma City bombings in 1995,
North and colleagues reported no
increase in incident AUDs, either in
survivors of the attack (North et al.
1999) or in rescue workers (North et
al. 2002). Survivors of other disasters,
such as Hurricane Andrew (David et
al. 1996), flooding (Green et al. 1992;
North et al. 2004), and jet crashes
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SoURCE: National Epidemiologic Survey on Alcohol and Related Conditions

Number of past-
year stressors

0 65.9 32.0 6.1 49.0 11.9 1.8

1 70.7 41.2 9.8 58.5 13.8 3.3

2 72.8 42.7 12.0 61.6 17.7 4.7

3 77.8 52.3 18.3 68.7 24.5 7.0

4 79.0 60.8 24.6 73.8 28.8 11.5

5 84.1 61.5 30.3 74.6 33.5 11.9

6 87.7 66.1 35.0 77.6 39.2 13.7

7 87.3 69.5 35.8 76.9 36.5 21.2

8 85.6 70.7 35.1 84.0 47.7 23.9

9 96.8 66.9 56.3 86.9 46.1 33.2

10+ 66.0 65.2 36.4 89.2 50.9 40.8

Table 1  Relationship Between Number of Past-Year Stressors and Prevalence of Current Drinking, Current Binge Drinking, and Current Alcohol Use
Disorders Among Men and Women in the 2001–2002 National Epidemiologic Survey on Alcohol and Related Conditions (N = 43,093).  

Men women
current current alcohol current  current alcohol 

current Drinking Binge Drinking Use Disorders current Drinking Binge Drinking Use Disorders
(% respondents) (% respondents) (% respondents) (% respondents) (% respondents) (% respondents)
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(Smith et al. 1990), as well as a com-
bined sample of survivors from the
Oklahoma City terrorist bombing and
the bombing of the U.S. embassy in
Nairobi, Kenya (North et al. 2005)
also showed no evidence of increases 
in incident AUDs. Studies assessing
the impact of 9/11 found that neither
living near the attack site nor knowing
someone lost or killed was associated
with incident alcohol problems 6
months following the attack (Vlahov et
al. 2006); moreover, exposure to 9/11
was not associated with the trajectory
of alcohol use and binge drinking in
the 3 years following the attack (Cerda
et al. 2008). In a recent pooled analysis
of data from 10 different disasters,
including exposure to flooding, shoot-
ings, and plane crashes, North and 
colleagues (2010) again reported no
evidence of increased risk for incident
AUDs after these events, although people
with pre-existing AUDs were more
likely to report increased drinking after
these events.
Several studies contradict the above

evidence, however, as follows: 

• Evidence from survivors of Hurricane
Katrina indicates elevated rates of
alcohol problems compared with
national and local predisaster averages
(Flory et al. 2009). Furthermore,
increases in binge drinking were
found among those most exposed
to the hurricane, controlling for
prehurricane alcohol use (Cerda et
al. 2011). 

• Among New Yorkers interviewed 
at 1 and 2 years after 9/11, greater
exposure levels predicted binge
drinking at 1 year but not 2 years and
an increase in alcohol dependence
at both time points (Boscarino et 
al. 2006). 

• Seven months after the Mount St.
Helens volcano eruption, alcohol-
center referrals and liquor-law viola-
tions had increased compared with
the pre-eruption period (Adams
and Adams 1984). 

• Survivors of the Beverly Hills Supper
Club fire seemed to have an increase
in alcohol abuse more than 2 years
after the fire (Green et al. 1985). 

Thus, the literature is inconsistent
on the role of fateful traumatic events
in the development of AUDs. It is
noteworthy, however, that studies of
incident AUDs after major disasters
were conducted in adult populations
in which the incidence of such disorders
generally is low (Hasin et al. 2007b).
Studies of incident AUD risk following
exposure to disaster in adolescent and
young adult populations are necessary
to comprehensively understand the rela-
tion between disaster and incident AUDs. 
A substantial literature also has doc-

umented increased alcohol consumption
and risk for AUDs among war veterans,
especially those exposed to active com-
bat (Hoge et al. 2006; Jacobson et al.
2008; Milliken et al. 2007; Shipherd et
al. 2005). Causal inference from this
literature is complicated, however,
because people who perform military
duty most often are young men at high
baseline risk for AUDs. In addition,
exposure to combat is not randomly
assigned, and people who have sensation-
seeking personality characteristics are
more likely to both be assigned to com-
bat and, independently, develop AUDs.

child Maltreatment and aUDs

Childhood maltreatment includes
many adverse exposures (e.g., sexual,
emotional, and/or physical abuse and
emotional and/or physical neglect)
during the first 18 years of life. With
respect to the various correlated
dimensions of stress in human popula-
tions described earlier, childhood mal-
treatment experiences range from mild
(e.g., occasionally saying hurtful things)
to severe (e.g., chronic physical and/or
sexual abuse). Although these stressors
can be acute, they often are chronic
throughout childhood; furthermore,
they are very unlikely to be a conse-
quence of alcohol consumption as they
typically occur before drinking initia-

tion. Childhood maltreatment can
involve both physical threat (e.g., phys-
ical and sexual abuse or physical neglect
of needs) and emotional threat (e.g.,
emotional abuse and neglect). These
experiences are common and may
account for a significant proportion 
of all adult psychopathology (Afifi et
al. 2008; Green et al. 2010). Further,
events frequently co-occur (Dong et al.
2004; Dube et al. 2002; Edwards et al.
2003; Finkelhor et al. 2007)—in other
words, exposure to one type of child-
hood maltreatment increases the risk
of exposure to others. 
Epidemiologic studies addressing the

impact of adverse childhood events on
alcohol consumption and AUDs have
employed several types of designs,
including cross-sectional studies of
adults with retrospective assessment of
adverse childhood events, prospective
cohort studies, and studies of twin and
other genetically informative samples.
Studies generally have shown that most
forms of child maltreatment are related
to higher risk of adolescent alcohol
consumption (Bensley et al. 1999;
Hussey et al. 2006; Sartor et al. 2007;
Thornberry et al. 2001) and adult
alcohol consumption and AUDs (Anda
et al. 2002; MacMillan et al. 2001;
Molnar et al. 2001; Nelson et al. 2006).
One review documented that childhood
maltreatment and other childhood
stressors were associated with earlier
onset of adolescent alcohol consump-
tion and with AUDs in adulthood
(Enoch 2010).
Childhood maltreatment is more

likely to occur among children of 
alcoholics (Gilbert et al. 2009); in these
cases, the parents may not only engage
in harmful parenting practices (Kettinger
et al. 2000; Stanger et al. 2004;
Suchman et al. 2007, 2008) but also
may pass along genes increasing the
risk of AUDs to their offspring. Thus,
the specificity of the relationship
between maltreatment and alcohol use
in the context of these other risk factors
remains an open debate. Furthermore,
psychiatric comorbidity also may con-
found the relationship between early
maltreatment and AUDs because mal-



treatment affects the risk for multiple
psychiatric disorders (Green et al.
2010; Kendler et al. 2000; Kessler et
al. 1997; Widom et al. 2007a), and
AUDs are highly comorbid with other
forms of psychopathology (Hasin et al.
2007b). Studies using animal models,
which can control for environmental
factors and comorbidity, have sug-
gested that extended stress in early life
leads to later self-administration of
alcohol (Cruz et al. 2008; Miczek et al.
2008). However, some epidemiologic
studies suggest that the relationship
between maltreatment and AUDs may
be at least partially confounded by
family history of alcohol problems. For
example, a prospective cohort study
that compared court-recorded cases of
abuse and neglect with matched com-
munity controls in the Midwest found
no remaining association between early
abuse and adult AUDs1 after control-
ling for family history of alcohol prob-
lems among men (Widom et al. 1995,
2007b); only among women physical
neglect remained associated with AUDs.
However, several studies that con-

trolled for family history of alcoholism
have indicated a persistent relationship
between childhood adverse events,
including parental divorce (Pilowsky et
al. 2009; Thompson et al. 2008) and
death of a parent or foster home place-
ment (Kendler et al. 1996; Pilowsky et
al. 2009), and adult risk for AUDs.
Another study documented strong and
significantly increased odds of AUDs
based on retrospective assessment of
childhood sexual abuse among same-
sex twins in Australia (Nelson et al.
2002), even after controlling for family
background variables such as parental
alcohol problems. Finally, recent data
from a population-based study of
twins in Virginia reported that partici-
pants who reported any maltreatment
were 1.74 times as likely to experience
an AUD in adulthood as were people
who did not report maltreatment, and
although controlling for family-level
risk factors substantially attenuated the

observed association, a direct effect
remained after control (Young-Wolff et
al. 2011).
Research now is examining specific

genetic variations (i.e., polymorphisms)
as moderators of the relationship between
child maltreatment and AUDs. The
finding that functional polymorphisms
in the gene encoding the monoamine
oxidase A enzyme (MAOA) (Caspi et
al. 2002) interact with childhood mal-
treatment to predict antisocial behavior
in adulthood stimulated research on
whether this effect generalizes to sub-
stance use disorders; however, thus far,
the findings could not be replicated
(Young et al. 2006). Other studies have
focused on the previously mentioned
serotonin transporter promoter variant,
5-HTTLPR, and its interaction with
stressful experiences in a wide variety
of psychiatric outcomes after researchers
detected such an interaction for major
depression (Caspi et al. 2003). This
DNA sequences exists in two alleles, 
l and s alleles; thus, a person can carry
either two l or two s alleles (i.e., be
homozygous for l or s) or one l and
one s allele (i.e., be heterozygous). One
study found that youth with court-
documented maltreatment were at
higher risk for early-onset alcohol use 
if they had the heterozygous (s/l) geno-
type compared with the l/l genotype
(Kaufman et al. 2007). In another
youth study, the effect of the same het-
erozygous genotype on increased risk
for substance use was attenuated in
families providing involved-supportive
parenting (Brody et al. 2009a). In an
innovative approach involving random
assignment of the environment, the
investigators then randomized at-risk
families to an intervention designed to
increase involved-supportive parenting
or a control condition (Brody et al.
2009b). Among those with the het-
erozygous 5-HTTLPR genotype, chil-
dren in treated families had less sub-
stance use at followup compared with
children of the control families (Brody
et al. 2009b). Taken together, these
studies suggest that the risk for later
alcohol outcomes is affected by an

interaction of stressful early home envi-
ronments and genetic vulnerability.

Minority stress and aUDs

Minority stress is defined as exposure
to specific stressors that result from a
person’s minority status, especially prej-
udice and discrimination events
(Meyer 2003b; Williams et al. 2003).
These events range from mild (e.g.,
daily hassles, such as being followed in
a store) to more severe (e.g., being a
victim of a violent crime) and include
both emotional (e.g., workplace harass-
ment [Waldo 1999]) and physical
(e.g., hate crimes [Herek 2009]) threats
to self. Minority status cannot be
attributed to having an AUD, making
one aspect of interpretation straightfor-
ward in studies in this area. Although
minority stress can involve acute events,
it most frequently is viewed as a chronic
exposure that occurs across the entire
life course (Williams et al. 2003). Finally,
minority stressors vary with respect to
whether they are expected. Research
has indicated that although many 
stressors that members of minority
groups confront are unanticipated, 
one consequence of repeated exposure
to discrimination is that people begin
to expect rejection based on their 
stigmatized identity (Mendoza-Denton
et al. 2002). 

Racial/Ethnic Minorities
According to minority stress models,
the stress resulting from prejudice and
discrimination should lead to eleva-
tions in alcohol use among minority
group members. Patterns of alcohol
use among racial/ethnic minorities,
however, fail to correspond to these
predictions. Although Native Americans
have higher rates of alcohol consump-
tion and AUDs compared with non-
Hispanic Whites (Hasin et al. 2007b),
several large surveys have indicated
lower rates of alcohol consumption
and AUDs among non-Hispanic Blacks,
Asians, and Hispanics compared with
Whites (Breslau et al. 2006; Hasin et
al. 2007b; Kessler et al. 1994). These

1AUDs in this study were defined according to the American
Psychiatric Association’s Diagnostic and Statistical Manual of
Mental Disorders, Third Edition, Revised (DSM–III–R).
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minority groups also have lower rates
of other psychiatric disorders (e.g.,
major depression), leading to what has
been called the “minority paradox”
(Williams 2001) in mental health
research—that is, minority groups
such as Blacks and Hispanics have
lower rates of psychiatric and substance
disorders despite greater exposure to
institutional and interpersonal discrim-
ination that has been shown to engen-
der substantial stress via biological
(Lewis et al. 2006) and psychological
(Hatzenbuehler 2009) mechanisms. 
In contrast to these findings from
between-group studies, within-group
studies consistently show that per-
ceived discrimination is associated with
alcohol outcomes. This association has
been found in Blacks (McLaughlin et
al. 2010b; Taylor and Jackson 1990;
Yen et al. 1999), Filipino Americans
(Gee et al. 2007) and Asian-American
adolescents (Yoo et al. 2010). 

Sexual Minorities
In contrast to racial/ethnic minorities,
lesbian, gay, and bisexual (LGB) indi-
viduals have higher rates of substance
use and substance use disorders than
their heterosexual peers (Garofalo et al.
1998; Russell et al. 2002; Ziyadeh et
al. 2007); this difference applies to both
adolescents (Eisenberg and Wechsler
2003; Hatzenbuehler et al. 2008) and
adults (Burgard et al. 2005; Cochran et
al. 2000; Drabble et al. 2005). Although
research has tended to primarily exam-
ine perceived discrimination as a risk
factor for internalizing psychopathology,
such as depression and anxiety, recent
studies also have shown higher levels of
alcohol use (Hatzenbuehler et al. 2011)
and AUDs (McCabe et al. 2010)
among LGBs who perceive that they
have experienced higher levels of 
discrimination.  
Because of their design, these studies

cannot rule out reverse causality—that
is, that individuals with alcohol problems
may perceive and report greater dis-
crimination. In order to address some
of these methodological limitations of
subjective measures of discrimination,

recent studies have developed novel
measures for operationalizing objective
stressors that LGB individuals con-
front, including institutional forms of
discrimination (e.g., anti-marriage laws
or employment discrimination policies).
Because these institutional stressors
occur outside the control of LGB indi-
viduals, they are not confounded with
mental health status and therefore 
provide a stronger test of the effect of
discrimination on mental health than
measures of subjective stress. Studies
are beginning to document the rela-
tionship between these objective stressors
and LGB health, including alcohol
use. For example, a recent study exam-
ined the impact of State-level ballot
initiatives banning gay marriage on the
prevalence of psychiatric and substance
use disorders in LGB populations
(Hatzenbuehler et al. 2010). The results
indicated that LGB respondents living
in States that passed such bans in 2004
had significantly greater increases in
psychiatric disorders and AUDs than
did LGB respondents in States that did
not pass such bans (Hatzenbuehler et
al. 2010). This research demonstrates
the potential importance of incorpo-
rating more objectively-defined indices
of social stress into research on alcohol
use among minority populations. Indeed,
an examination of how and why such
social stressors contribute to the devel-
opment and maintenance of AUDs
within LGB populations represents a
crucial avenue for future inquiry.  

conclusion

The psychological and psychiatric
effects of stress remain an important
mechanism for individual differences
in all areas of mental health. Substantial
evidence exists that fateful/catastrophic
events, such as exposure to disaster and
terrorism; childhood adversities, such
as maltreatment; interpersonal stressors,
such as divorce and job loss; and chronic
minority stress affect alcohol consump-
tion and AUDs. Although these data
demonstrate the importance of stress
in the development of alcohol problems

in human populations, substantial
work remains to be done in these areas.
Refined measures of stress exposures;
careful assessment of confounding and
reverse causation; an examination of
AUD course, including relapse; and
the potentiating of stress effects by genetic
vulnerability, personality factors, macro-
social factors, and other important 
biological and social domains remain
important topic areas in need of more
epidemiologic study. Exploring the
epidemiology of stress in human popu-
lations can help integrate and translate
work in experimental human and ani-
mal models in order to demonstrate
the real-world effects of these common
yet often devastating exposures on
alcohol use and misuse.  ■
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Nearly 13 years have passed since Alcohol Research & Health (now titled Alcohol
Research: Current Reviews) first visited the topic of “Alcohol and Stress.” Since that
time, the field has advanced considerably. New terms have been developed to
describe the complex physiological interactions that occur when an individual is faced
with stressful events and more is known about how the brain and body work to offset
the changes induced through stress-response mechanisms. An individual’s reactions
to stress vary according to a number of factors, such as his or her genetic makeup,
environment, life events, gender, age, and type and duration of stress. Drinking
alcohol has the unique ability to both relieve stress and to be the cause of it, creating
in a sense a double-edged sword. Understanding the link between alcohol drinking,
stress, and alcohol use disorders (AUDs) is a critical area for ongoing investigation.
Discoveries emanating from this field not only add to the burgeoning literature on
stress and the risk for disease but also may provide answers to help prevent and
intervene in the development of AUDs. Key worDs: alcohol consumption; alcohol use
disorders; stress as a cause of alcohol and other drug use; stress; stressors; stress
response; stress reactivity; physiological response to stress; brain; genetic factors;
environmental factors; allostasis; allostatic load; allostatic state; homeostasis

In the 13 years since Alcohol Research
& Health (now titled Alcohol Research:
Current Reviews) first visited the topic

of “Alcohol and Stress” (see Vol. 23,
No. 4, 1999), there has been a sustained
flow of new information in the field
prompting us to publish this updated
edition. Indeed, one could argue that
this second look at the topic is long
overdue. An entirely new lexicon of
terms1 has been developed to capture
our evolving conceptualization of stress
and its effects on health and disease
risk. Many of these terms (e.g., allostasis
and allostatic load), which were becom-
ing popular around the turn of the 21st
century, were hardly mentioned in that
previous edition, so there is a fair amount
of catching up to do. Unthinkable
events (e.g., the 9/11 terrorist attack and
its aftermath—Operation Enduring
Freedom and Operation Iraqi Freedom)

1 For terms and their definitions, see the Glossary beginning on 
p. 522.

have occurred, spurring renewed inter-
est in the role of uncontrollable acute
and chronic stressors on drinking
behaviors in civilians and military per-
sonnel alike. New fields have emerged
(e.g., epigenetics), and their findings
demonstrate that early-life trauma can
leave an indelible stamp on an individ-
ual’s genetic makeup (i.e., genome) 
and stress circuitry. Gene–environment
interactions have been discovered that
partly quell the artificial argument as 
to whether nature or nurture most
influences disease risk. Finally, new
integrated treatments have emerged
(e.g., Najavits’ Seeking Safety), and
mechanisms of action partly defined
(e.g., naltrexone’s effects on stress axis
function), that demonstrate how
understanding the links between stress
and alcohol drinking promotes improved
treatment options for patients with
alcohol use disorders (AUDs).  

In their opening article to the 1999
Alcohol Health & Research edition on
“Alcohol and Stress,” Anisman and
Merali (1999) summarized the litera-
ture to develop a working definition of
stress and stressors (i.e., stressful situa-
tions) that we attempt to update in the
present treatise. We also will embellish
upon several themes that these authors
chose to highlight, including the
importance of sex differences and stressor
specificity. By introducing these themes,
we hope to set the stage for the articles
that follow, which delve into several of
these topics more deeply.

what Is stress?

Webster’s Third New International
Dictionary (1981, p. 2260) defined
stress as “a physical, chemical, or emo-
tional factor (as trauma, histamine, 
or fear) to which an individual fails 
to make a satisfactory adaptation, and



which causes physiologic tensions that
may be a contributing cause of disease.”
Although this term now is widely used
in the common vernacular, it is inter-
esting to note that the scientific con-
ceptualization of this phenomenon
dates back only about 150 years.  
Most stress research historians agree

that the French physiologist, Claude
Bernard (1865), was the first to recognize
a key element in the stress response—
the phenomenon now known as feed-
back regulation. Bernard noticed that
the internal environment of cells
(“milieu intérieur”) is tightly regulated
and largely dependent on feedback it
receives from the periphery or “external
environment” (Goldstein and Kopin
2007). Some 65 years later, Sir Walter
Cannon coined the term “homeosta-
sis” to capture the “coordinated physio-
logical processes that maintain most 
of the steady states of the organism”
(Cannon 1929 as cited by Goldstein
and McEwen 2002, p. 55). From
Cannon’s perspective, which derived
from his study of the sympathetic ner-
vous system (he also coined the phrase
“fight-or-flight responses”), all organ-
isms adjusted to challenges to their
internal environments by making com-
pensatory responses intended to restore
homeostasis. By accomplishing such,
the organism’s chances for survival
improved because the homeostatic 
or steady state was viewed as optimal
and fixed at some preordained, stable
level (Goldstein and Kopin 2007;
Neylan 1998).
The Hungarian scientist, Hans Selye,

who was influenced by Cannon’s work,
developed the concept of the General
Adaptation Syndrome in 1936. Selye’s
theories, which dominated thinking 
on the nature of the stress response for
more than 50 years, hypothesized that
a classical syndrome developed in all
organisms “the symptoms of which are
independent of the damaging agent or
the pharmacological type of the drug
employed” (Selye 1936, p. 32). He 
further hypothesized that this stress
response had three stages: an initial
alarm reaction (akin to Cannon’s fight-
or-flight response) that involved the

release of anterior pituitary hormones;
a second, adaptation phase, wherein an
attempt is made to resist the stressor;
and a third, exhaustion phase, which,
at its extreme, could lead to death of
the organism (Goldstein and Kopin
2007; Selye 1936).
Over time, scientists began challeng-

ing two key concepts in this definition
of stress as any real or imagined threat
to homeostasis (McEwen and Stellar
1993). First, Selye’s assertion that stress
responses were uniform and generalized
regardless of stressor type was modified
in recognition that certain types of
stressors (e.g., physical versus emotional,
see below) evoked activation of specific
effector systems. For example, exposure
to extreme cold produces a marked
activation of the sympathetic nora-
drenergic system in an effort to regulate
core body temperature, yet it has minimal
effects on the endocrine or hormonal
stress response (Goldstein and Kopin
2007). Thus, Selye’s doctrine of a uni-
tary, nonspecific stress response gave
way to a more refined view that indi-
viduals activate stress systems more
selectively depending on the character-
istics of the stressor. 
Second, scientists began recognizing

that physiological regulatory systems
spanned multiple domains, were dynamic
and not static, and fluctuated constantly
based on the animal’s biological rhythms
and physiological demands. Moreover,
the notion that there existed some
static, ideal, homeostatic set point gave
way to thinking that, instead, these set
points vary across a dynamic operating
range which change over time. Thus,
Sterling and Eyer ([1988] as cited in
McEwen and Stellar 1993) coined the
term allostasis to describe this operat-
ing range and the organism’s ability to
increase or decrease body functions to
a new steady state when challenged.
McEwen and Stellar (1993) embel-

lished on the principle of allostasis 
by defining a new concept that these
authors labeled allostatic load. This
term connotes the toll placed on indi-
viduals when they have to constantly
or repeatedly adjust the operating range
to maintain fluctuating set points. This

“wear and tear” can predispose the
individual to disease, especially in the
context of chronic stress.  
It is interesting to note that in this

seminal paper, the authors cite “the
reciprocal relationship between stress
and alcohol consumption” as an example
of allostatic load:
In short, whereas drinking may 

help the person cope with stress in 
the short-term, there is a longer-term
cost. As the person tries to balance the
reciprocal effects of stress and alcohol
consumption in this manner, the
upward spiral of both stress and drinking
increases this overall cost (allostatic load)
both behaviorally and biologically
(McEwen and Stellar 1993, p. 2096).
In summary, although the use of the

term stress has become commonplace,
the scientific conceptualization of this
state is a relatively recent phenomenon
and is still evolving. Stress has been
broadly defined “as a threat, real or
implied, to the psychological or physical
integrity of an individual” (McEwen
2000, p. 108). Other terms, however,
such as allostasis (“maintaining stability,
or homeostasis, through change”
[Sterling and Eyer 1988 as cited in
McEwen 2000, p. 108]) and allostatic
load (“the price the body pays for
being forced to adapt to adverse psy-
chosocial or physical situations”
[McEwen 2000, p. 110]) are newly
emerged and are helping to better
define the relationships between stress
and disease risk, including the risk for
AUDs, as described below.

Stress and Addiction to Alcohol
and Other Drugs

Koob and Le Moal (1997, 2001) began
formally linking the brain’s stress and
reward systems in an allostatic model
of alcohol and other drug addiction
that still holds sway over the field
today. As described in detail elsewhere
(Koob and Le Moal 1997, 2001) and
alluded to in Koob and colleagues’
contribution in this edition (see pp.
516–521), these scientists hypothe-
sized that alcohol and other drug
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addiction represents an allostatic state
whereby an individual’s hedonic set
point has drifted downward and been
recalibrated at a new point below the
normal, homeostatic range. The fluc-
tuating hysteresis of this proposed
downward sloping “mood” curve reflects
the operating range of the brain’s reward
and stress systems, which engage in a
struggle to adjust and readjust in the
setting of repetitive alcohol (or other
drug) use. Thus, in this allostatic model,
alcohol drinking can be viewed as both
a reward and a stressor—an interpretation
which is consistent with observations
that acute doses of alcohol simultaneously
increase brain concentrations of mesolim-
bic dopamine and other reinforcing
neurotransmitters as well as brain levels
of corticotropin-releasing factor (CRF)
and blood levels of adrenocorticotropin
hormone (ACTH) and cortisol, the
major stress hormones in the brain and
body (Rivier and Lee 1996).

At first glance, this notion of alcohol
and other drugs of abuse working as
stressors (i.e., taxing to the individual)
flies in the face of the more commonly
held belief that ethanol has stress-
response–dampening effects. However,
several characteristics of the drug may
explain this paradox. First, alcohol’s
rewarding properties may counterbalance
or mask its stress-provoking effects.
This happens on a number of different
levels: (1) the drug produces brain
depressant effects by acutely enhancing
GABAergic tone, while inhibiting exci-
tatory glutamatergic signaling; (2) ethanol
acutely enhances the release of reinforc-
ing neurotransmitters (e.g., dopamine
and endogenous opiates) and neuro-
modulators (e.g., endocannabinoids);
and (3) alcohol’s effects on the release
of the stress hormone, cortisol, in the
periphery triggers further rewarding
properties in the brain (see the article by
Stephens and Wand, pp. 468–483). 

Second, consistent with the second
phase in Selye’s general adaptation syn-
drome, and the opponent-process
model (Solomon and Corbit 1973)
evoked in Koob and Le Moal’s allo-
static model of addiction, the brain
resists or adapts to repeated, alcohol-

induced stress hormone elevations. This
neuroadaptation underlies the allostatic
change associated with chronic heavy
drinking and manifests as a blunted
stress response in recently abstinent
alcoholics (see Stephens and Wand, pp.
468–483).

In summary, although low doses of
alcohol in non–alcohol-dependent
individuals produce rewarding effects
that are perceived to attenuate stress, in
actuality, the drug stimulates the release
of CRF and stress hormones. Chronic,
heavy use of ethanol produces an allo-
static state wherein reinforcing and
stress-provoking effects of the drug battle
and oppose each other but generally
contribute to an altered set point below
that associated with normal mood states.
When repeated over many months to
years, this struggle exerts its toll (i.e.,
produces allostatic load) on the brain
and body, as there is a cost associated
with the chronic efforts to adapt to
these stressors. Thus, drinking to relieve
stress proves to be a double-edged sword.

Factors Influencing stress
reactivity 

Casual readers of the alcohol and stress
literature can become frustrated by the
apparent lack of uniformity of findings.
For example, when analyzing studies
attempting to determine whether stress
leads to relapse to alcoholism (see the
article by Thomas and colleagues in this
edition, pp. 459–467), readers will
observe that sometimes blunted hor-
monal responses are associated with
increased relapse risk; whereas, in other
instances, exaggerated hormonal responses
predict the return to drinking. However,
when one considers that stress respon-
sivity is governed by a host of factors
related to (1) the characteristics of the
stressor and (2) the characteristics of
the individual, some of this hetero-
geneity in findings can be explained.  

Stressor–Specificity
Painstakingly detailed neuroanatomical
studies in experimental animals were

among the first to demonstrate that
organisms have evolved different stress
circuits to adapt to life’s variety of stres-
sors (Goldstein and Kopin 2007; Pacak
et al. 1998). This stressor-specific strat-
egy certainly makes sense from an evo-
lutionary standpoint: it would be
extremely inefficient to mobilize the
same effector systems to keep an animal’s
core temperature up when exposed to
cold weather as it would to respond to
hemorrhagic hypotension. However,
there also is an advantage to having
some redundancy across these effector
systems. For example, the hypothalamic–
pituitary–adrenal (HPA) axis, which
mediates the endocrine or hormonal
response to certain stressors, intercon-
nects with the adrenomedullary hor-
monal system and the sympathetic
noradrenergic system (SNS). This does
not mean, however, that specific stressors
activate all three effector systems to the
same extent. Thus, when researchers
measure the outputs of these effector
systems (i.e., ACTH and cortisol in
the bloodstream of humans to monitor
HPA axis reactivity versus heart rate
and blood pressure which reflect SNS
activity) in response to various stress
paradigms they may not necessarily
find unanimity of responses. 

Scientists have conceptualized different
categories of stressors to better capture
this phenomenon. Thus, distinctions
such as “psychogenic versus neurogenic,”
“processive versus systemic” (see the
article by Herman, pp. 441–447), and
“physical versus psychological versus
pharmacologic” stress have been used
to describe the various stress induction
paradigms used in experimental ani-
mals and humans (for a partial list, see
table 1).  The stress-response patterns
generated by these different types of
stressors are not uniform, however,
which is a point frequently lost among
casual observers.

other stressor characteristics 

In addition to the types of stressors
influencing stress reactivity, there are
other features associated with the
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stressful experience that affect an indi-
vidual’s responsiveness (see table 1).
For example, the degree of controllabil-
ity of the stressor influences response,
with uncontrollable stress creating a
greater level of response compared with
events considered to be under an indi-
vidual’s control (Anisman and Matheson
2005).  It is interesting to note that
even this seemingly behavioral, subjective
phenomenon seems to be governed by
stressor-specific neural circuits. For
instance, experiments in rodents have
demonstrated that the brain’s serotonin
system seems to be of primary impor-
tance in modulating uncontrollable
versus controllable stress (Hammack
2002). Whether a stressor is predictable
or unpredictable influences the magni-

tude of the stress response, as does its
duration (i.e., chronicity) (Anisman
and Matheson 2005).

Individual-Level Variables
Affecting Stress Responsivity
Just as the type, predictability, and
controllability of the stressor influence
its response, an individual’s characteristics
also affect stress reactivity. Of particular
relevance to human-stress researchers 
is the individual’s gender, and a better
understanding of this could help
explain why women seem to develop
AUDs following a stress-related condi-
tion, whereas the opposite temporal
pattern applies for men (Kessler et al.
1997). Accumulating evidence indicates
that women and men have evolved 
different stress-response activation 
patterns during the reproductive years
(Kajantie and Phillips 2006) and that
women respond more robustly to cer-
tain stressors than men and vice versa.
For example, using one of the most
popular psychological stress induction
paradigms, the Trier Social Stress Test,2
several investigators have found that
men react more robustly to this type of
stressor than do women (Uhart et al.
2006). Additional evidence for this
gender X stressor subtype interaction
effect was found by Stroud et al.
(2002), who reported that women
mounted a greater stress response to a
social evaluative stressor task (e.g., the
participant feeling shunned by two
confederate research associates feigning
a spontaneous social interaction) than
did men. Similarly, research has found
gender- and stressor-specific effects to
various pharmacological stress tests;
women react more robustly to agents
directly stimulating the pituitary gland
or artificially lowering morning cortisol
levels than do men, whereas men exhibit
comparatively blunted responses to
these manipulations (Anthenelli et al.
2009). Therefore, gender is an important
variable to consider when evaluating
how individuals react to certain stressors.

As described in other articles in this
edition, an individual’s genetic makeup
(see Schumann and colleagues, pp.

484–491), early-life experiences (see
Brady and Back, pp. 408–413), envi-
ronmental exposures to stress (see
Keyes and colleagues, pp. 391–400),
and predilection to anxiety and other
psychiatric disorders (see Smith and
Randall, pp. 414–431 and Schumm
and Chard, pp. 401–407) can conspire
to influence how adolescents and adults
respond to stress and alcohol.  

Heavy drinking and repeated with-
drawal from alcohol may result in 
neuroendocrine changes that not only
alter the body’s ability to respond to
stressful challenges but also may
undermine efforts to stop or reduce
harmful drinking behavior (see articles
by Alim and colleagues, pp. 506–515
and Becker, pp. 448–458). 

Moreover, environmental insults can
affect a person’s genetic architecture,
and these epigenetic phenomena appear
to influence the individual’s response
to stressful life experiences and alcohol
intake (see the article by Pandey and
Moonat, pp. 459–467). When one
considers that other personal character-
istics such as an individual’s coping
skills and social environment can modify
how he or she reacts to stress, it should
come as no surprise that laboratory
paradigms in humans sometimes produce
discrepant results (e.g., see Thomas
and colleagues, pp. 459–467) in the
literature.

conclusions

This brief overview sets the stage for
the articles and sidebars that follow. 
In this issue, an esteemed group of
alcohol and stress researchers tackle
compelling questions such as “How
Does Stress Lead to Risk of Alcohol
Relapse?” (see the article by Sinha, pp.
432–440). Although the answers to
important questions such as this are
not fully known, what should shine
through is how far the field has come
since Alcohol Research & Health last
tackled this topic. Understanding the

Table 1 Factors Influencing the Stress
Response

stressor type
Processive (neurogenic or psychogenic)
Systemic (immune insults)

stressor characteristics
Controllability
Predictability
Ambiguity/uncertainty
Chronicity
Intermittence

organismic variables
Genetics
Age
Sex

experiential variables
Previous stressor experiences 

(sensitization)
Early life events (maternal factors, trauma)

resource characteristics

Personal characteristics
Coping skills
Self-esteem
Self-efficacy
Personality (hardiness, optimism, 

neuroticism)
And others

social characteristics
Social support (perceptions)
Attachment (bonding)

SOURCE: Adapted from Anisman and Matheson 2005. 2 Using the Trier Social Stress Test, the subject is asked to give a
speech and perform a simple math task in front of an audience.
This test measures both social and cognitive stressors.



relationships among alcohol drinking, 
stress, and alcohol use disorders is a
critical area for ongoing investigation.
Discoveries emanating from this field
not only add to the burgeoning litera-
ture on stress and disease risk but 
also hold the promise to provide
answers on how to prevent and inter-
vene in this disorder. Here we offer a 
foundation for the next decade of 
discovery! ■
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This issue of Alcohol Research: Current Reviews focuses on the impact
of stress on alcohol consumption. The significance of stress on
alcohol abuse recently has been reemphasized by the alcohol use

problems following post-traumatic stress disorder, such as those seen with
some combat veterans. Behavior is described as an interaction between
genetic constitution and environmental influences. Of the environmental
factors affecting an individual, one of the most potent is external stress.
Although it generally is held that stress increases drinking, the articles in
this issue clearly demonstrate the complexities of this simple construct.
It now is appreciated that the notion of stress itself is multidimensional.
Early-life stressors such as child abuse can cause delayed and long-term
consequences. The stress resulting from a traumatic event, either personal
or public, such as an earthquake, can produce changes in drinking
behavior. The effect of cumulative stressors throughout life can impact
drinking as well. In addition to the dynamics of when stress is experienced,
the type of stressor and the genetic constitution of the individual, as
well as the stage of alcohol exposure can influence the response to stress.
To a social drinker stress can have a different impact than stress for an
abstinent alcoholic struggling with relapse. These factors now are better
appreciated in the interaction between stress and alcohol use disorders
and may help to decipher the often conflicting and contradicting obser-
vations found in the literature on this subject. 

The connection between stress and alcohol consumption was made
early on in alcohol research (Horton 1943). In the tension-reduction
hypothesis, stress was seen to increase anxiety, and in response alcohol
was consumed to reduce the anxiety. This connection between stress
and alcohol was further linked by observations showing that in alcoholics
the physiological responses to stress were perturbed. These stress actions
involved the hypothalamic–pituitary–adrenal axis. Chronic alcohol 
consumption is associated with elevated basal glucocorticoid secretion,
whereas the hormonal response to a stressor was blunted. In addition, 
a high dose of alcohol increases the adrenal hormone glucocorticoid.
Following these observations, a body of evidence was generated in rodents
to suggest that the increase in glucocorticoid would increase drinking.
Subsequent findings have implicated other/additional circuits for con-
necting stress with alcohol use. Stress response also is mediated by the
amygdala. Chronic alcohol exposure alters amygdala function, leading
to increased corticotropin-releasing factor expression in the amygdala.
This neuroadaptation is proposed to produce an altered affective state.
Alcohol initially is able to ameliorate this effect and thereby provides a
motivation for continued alcohol consumption. Furthermore, stress also
affects the prefrontal cortex, reducing its capacity for executive function
and resulting in augmented impulsivity.



EDITORS’ NOTE CONTINUED

At present epidemiological data support a link between stress and
alcohol use disorders. However, the connection is not predictably
causal. Stress under all circumstances does not necessarily lead to 
alcohol consumption. Genetic factors and past history of life experi-
ences can influence this interaction. These complexities are abundantly
exemplified in the experimental animal literature. Perhaps the greatest
limitation in investigating the link between stress and alcohol use is 
the absence of a simple animal model in which a stressor results in a
substantial increase in consumption over a sustained period of time. 
Of similar difficulty is establishing models of stress with full relevance
to alcoholics. Financial issues, job loss, divorce, and other events are 
the day-to-day relevant stressors for human populations in developed
countries. How these experiences are modeled in animal studies that 
are necessary for examining the neurobiological mechanisms involved
currently is unresolved.  

Future studies taking advantage of better genetic models, neuroimaging
in human and animal studies, and findings on epigenetic modifications
promise to clarify the linkage between stress and alcohol abuse disorders
and help to show where and when stress will affect drinking behavior. Such
information should provide targets for effective medication development.
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circadian genes, the
Stress Axis, and Alcoholism

Dipak K. Sarkar, Ph.D., D.Phil.

The body’s internal system to control the daily rhythm of the
body’s functions (i.e., the circadian system), the body’s stress
response, and the body’s neurobiology are highly
interconnected. Thus, the rhythm of the circadian system
impacts alcohol use patterns; at the same time, alcohol drinking
also can alter circadian functions. The sensitivity of the
circadian system to alcohol may result from alcohol’s effects on
the expression of several of the clock genes that regulate
circadian function. The stress response system involves the
hypothalamus and pituitary gland in the brain and the adrenal
glands, as well as the hormones they secrete, including
corticotrophin-releasing hormone, adrenocorticotrophic
hormone, and glucocorticoids. It is controlled by brain-signaling
molecules, including endogenous opioids such as β- endorphin.
Alcohol consumption influences the activity of this system and
vice versa. Finally, interactions exist between the circadian
system, the hypothalamic–pituitary–adrenal axis, and alcohol
consumption. Thus, it seems that certain clock genes may
control functions of the stress response system and that these
interactions are affected by alcohol. KeY WorDS: Alcohol
consumption; alcohol use, abuse and dependence; alcohol and
other drug use pattern; genetics; genetic factors; circadian
system; clock genes; stress; stress response; biological
adaptation to stress; neurobiology; hypothalamic– pituitary–
adrenal axis

A lcohol abuse and dependence are estimated to affect 1
in 8 adults in the United States and several hundred
million people worldwide (Grant et al. 2004). To define

at-risk populations and develop better treatments, it is impor-
tant to further identify the genetic and environmental factors
that contribute to alcohol addiction. Recent evidence sug-
gests that the body’s internal system that helps control the daily
rhythm of the body’s activities (i.e., the circadian system), the
body’s stress response system, and the body’s neurobiology 
of alcohol are extensively intertwined. This article explores
some of these interactions. 

The circadian System and Alcohol’s effects on It

The circadian system—or the body’s internal clock—is a
naturally present regulatory system that helps the body
maintain an approximately 24-hour cycle in biochemical,
physiological, or behavioral processes, thereby allowing the

organism to anticipate and prepare for regular environmen-
tal changes (i.e., the day–night cycle). For example, circadian
rhythms maintain not only sleeping and feeding patterns but
also physiological processes such as body temperature, brain-
wave activity, hormone production, and cell regeneration.
The circadian clockwork results from the interaction of 
specific clock genes, including genes known as Period (Per1,
Per2, and Per3), Clock, Bmal1, and Cryptochrome (Cry1 and Cry2),
and others.1 The activity of these genes is controlled by two
tightly coupled transcriptional and translational feedback
loops that sustain a near 24-hour periodicity of cellular activity.
Expression of these clock genes, in turn, regulates the expres-
sion of other clock-controlled genes (Ko and Takahashi 2006).

In both humans and animal models, complex bidirectional
relationships seem to exist between alcohol intake or exposure
and circadian clock systems. The impact of the circadian system
on alcohol use is shown by the fact that both preference for
and consumption of alcohol are modulated by time of day,
and studies found that genetic interactions link core circadian
clock genes with alcohol drinking (Spanagel et al. 2005a, b).
In addition, disruption of the normal circadian rhythm (i.e.,
circadian desynchronization) seems to increase the use of
alcohol, as seen in frequent travelers and rotating-shift workers,
possibly because it frequently activates the body’s stress response
(i.e., increases the allostatic load2) (Rosenwasser et al. 2010;
Trinkoff and Storr 1998). At the same time, a strong rela-
tionship seems to exist between alcohol drinking and altered
circadian functions. For example, alcohol intake can alter the
following circadian responses: 

• Circadian rhythms in blood pressure, core body tempera-
ture, and hormone release in humans (Danel et al. 2009;
Devaney et al. 2003; Nakashita et al. 2009); 

• Shifts in the normal circadian rhythm (i.e., circadian
phase shifting) and in the free-running period3 in mice
(Prosser et al. 2008; Seggio et al. 2009); 

• Return to a normal circadian rhythm after a disruption (i.e.,
circadian phase resetting) and nocturnal activity patterns in
hamsters (Ruby et al. 2009; Seggio et al. 2007); and

1 By convention, gene names in animals are written in uppercase and lowercase and italicized. Gene
names in humans are written in all caps and are italicized, whereas the acronyms for the encoded
proteins are all caps but not italicized. 

2 The term allostatic load refers to the physiological consequences of chronic exposure to fluctuating
or heightened hormonal responses resulting from repeated or chronic stress.

3 Free-running period is a period that is not adjusted or entrained to the 24-hour cycle in nature or to
any artificial cycle.

Dipak K. Sarkar, Ph.D., D.Phil., is the director of and a
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Jersey, New Brunswick, New Jersey.



circadian genes, the Stress Axis, and Alcoholism 363

• Rhythmicity in the activity of certain brain cells (i.e.,
proopiomelanocortin [POMC]4-producing neurons) in a
brain region called the hypothalamus (which is involved
in the body’s stress system) in rats (Chen et al. 2004).  

Even alcohol exposure before birth can interfere with cir-
cadian systems. Thus, prenatal ethanol exposure in rats can
alter core body temperature and phase-shifting ability (Sakata-
Haga et al. 2006); rhythmic activity of the pituitary gland
and the adrenal gland, both of which are part of the body’s
stress response system (Taylor et al. 1982); the rhythmic
release of the main stress hormone (i.e., corticosterone)
(Handa et al. 2006); immune cell rhythms (Arjona et al.
2006); and circadian expression of POMC in the hypothala-
mus (Chen et al. 2006).  

Why Is the Body’s Circadian System So Vulnerable to
Alcohol Toxicity? 
One logical explanation for the sensitivity of the circadian
system to alcohol suggests that alcohol specifically targets
one or more of the genes that regulate circadian functions.
Using different experimental designs, researchers have
demonstrated that alcohol exposure significantly alters the
expression of several core clock genes. For example, in chronic
alcohol-drinking rats, circadian expression of Per1 and Per2
is significantly disrupted in the hypothalamus (Chen et al.
2006). Likewise, prenatal alcohol exposure alters circadian
expression of Per1 and Per2 genes in the hypothalamus and
in tissues in other parts of the body in rats and mice (Arjona
et al. 2006; Chen et al. 2004; Ko and Takahashi 2006). In
addition, neonatal alcohol exposure reduces Cry1 expression
in a brain region called the suprachiasmatic nucleus and
advances the phase of the Per2 rhythm in the cerebellum and
liver (Farnell et al. 2008). In human studies, the expression
of clock genes (PER, CRY, and BMAL1) is reduced in white
blood cells of male alcoholic patients (i.e., after chronic alco-
hol exposure) (Huang et al. 2010), whereas alcohol drinking in
healthy males (i.e., acute exposure) increases BMAL1 expression
in these cells (Ando et al. 2010). Finally, variations of the
PER2 gene in which individual DNA building blocks are
altered (i.e., single nucleotide polymorphisms [SNPs]) are
associated with increased alcohol consumptions in male
patients (Spanagel 2005a) and adolescent boys (Comasco et
al. 2010). These observations suggest that clock genes are
targets through which alcohol may alter circadian functions.
However, in-depth molecular studies are necessary to eluci-
date the potential mechanisms by which alcohol directly or
indirectly affects clock gene expression and cellular functions.
4 PoMC is a precursor molecule primarily produced in and secreted by the pituitary gland but also in
the hypothalamus. PoMC subsequently can be processed in other tissues into numerous different
products, which in turn exert specific effects on the organism and play a role in a wide range of physi-
ological processes. one of these products is adrenocorticotropic hormone (ACTH), which is produced
in the pituitary gland and is part of the body’s stress response system, the hypothalamic–pituitary–
adrenal (HPA) axis.

circadian Systems, the Stress response, and
Alcohol consumption

The Stress Response System
The circadian system also may be involved in regulating
alcohol-drinking behavior by interacting with a hormone
system called the hypothalamic–pituitary–adrenal (HPA)
axis, which plays a central role in the body’s stress response 
as well as in reward mechanisms. Stress increases the produc-
tion of a hormone called corticotrophin-releasing hormone
(CRH) in certain cells in a region known as the paraventric-
ular nucleus (PVN) in the hypothalamus. The CRH then is
secreted into the blood vessels leading to the pituitary gland,
where it interacts with a specific molecule, the CRH receptor1
(CRHR1), on specific cells in the anterior pituitary. In response,
these cells begin the synthesis and release of adrenocorticotropic
hormone (ACTH) into the circulation. ACTH, in turn,
stimulates the release of glucocorticoids (i.e., corticosterone
in rats and cortisol in humans) from the outer layer (i.e., cortex)
of the adrenal glands that are located on top of the kidneys.
The glucocorticoids then act on numerous tissues through-
out the organism to coordinate the body’s stress response.
However, the CRH/CRHR1 system is found not only in the
hypothalamus but also in other areas of the brain and helps
mediate the actions of the brain’s central stress response systems.

The CRH–HPA system is controlled by many brain-
signaling molecules (i.e., neurotransmitters) and their recep-
tors, including opioid peptides5 (e.g., β-endorphin [β-EP])
and their receptors. For example, in rats, the bodies of CRF-
producing cells are found in the same locations of the PNV
as the fibers of β-EP–releasing cells. In another area of the
hypothalamus called the median eminence, a certain type of
opioid receptors (i.e., µ-opioid receptors [MOP-r]) is located
on the ends of CRH-releasing cells. Agents that stimulate
the activity of this receptor (i.e., MOP-r agonists) can inhibit
neurotransmitter-stimulated CRF release from the hypotha-
lamus in vitro. Likewise, studies in living organisms found
that β-EP infusion decreased CRH release in the blood vessels
linking the hypothalamus and the pituitary (Plotsky 1991),
and morphine pretreatment prevented stress-induced HPA
activation (Zhou et al. 1999). Finally, transplantation of β-
EP–producing cells into the PVN suppressed HPA activation
under different conditions and normalized stress hyperresponse
in fetal alcohol-exposed rats (Boyadjieva et al. 2009). All of
these data suggest that endogenous opioids (and, by extension,
opiate drugs) have a counterregulatory effect on the stress response.

Alcohol and the Stress Response 
In the central nervous system, β-EP long has been suspected
of contributing to the positive reinforcement and motivational
5 opioid peptides are short sequences of amino acids (i.e., peptides) that are naturally produced by
the body and have effects resembling those of opiate drugs. The three main classes of endogenous
opioids are endorphins, enkephalins, and dynorphins. Endorphins also are derived from PoMC, which
also is the precursor for ACTH. 
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properties of several addictive substances. For example,
microinjection of this peptide to several regions of the brain’s
reward system that involves the neurotransmitter dopamine
(i.e., the mesolimbic dopamine system), such as the nucleus
accumbens, produced place preference (Bals-Kubik et al. 1993).
In addition, several studies have demonstrated that repeated
administration of alcohol, cocaine, or heroin significantly
attenuated -EP expression in various limbic areas (Jarjour 
et al. 2009; Rasmussen et al. 2002; Sweep et al. 1988), sup-
porting the notion that -EP may contribute significantly in
the development of alcohol abuse and dependence. 
The stress response system also interacts with these reward

pathways. For example, the CRH/CRHR1 system can activate
mesolimbic dopaminergic pathways and increase dopamine-
mediated signal transmission in various parts of the mesolimbic
system, including the nucleus accumbens, amygdala, and
medial prefrontal cortex. Furthermore, elevation of plasma
corticosterone has been associated with increases in alcohol
self-administration (Fahlke et al. 1995). Finally, evidence

indicates that corticosterone directly stimulates activity of
the mesolimbic dopamine system, subsequently increasing
drug-seeking behavior (Piazza et al. 1996). Thus, stress, via
activation of the CRH–HPA circuits and/or extrahypothalamic
CRH circuits, increases mesolimbic dopamine that, in turn,
increases drug seeking in drug-treated animals. The relationship
between the stress response and the mesolimbic dopamine
system is further supported by findings that an abnormality
in POMC-mediated regulation of the HPA axis may lead to
excess alcohol drinking under stressful conditions. Finally,
consistent with animal studies demonstrating acute and
chronic effects of alcohol on the HPA axis (Koob and 
Bloos 1998), studies in humans have documented HPA 
axis alterations in both actively drinking and recently absti-
nent alcoholics (Sinha 2007; Uhart and Wand 2009). 

Figure Conceptual framework of how the circadian genes regulating
stress-induced excess alcohol drinking. Clock genes 
(Per = P, Cry = C, Bmal1 = B, and Clock = Cl) are key 
components of the circadian mechanism controlling the
functions of nerve cells in the hypothalamus and pituitary
that produce two molecules important in the body’s stress
response—corticotrophin-releasing hormone (CRH) and
proopiomelanocortin (POMC). Of these clock genes, Per
might be a potential target of alcohol (indicated by a *
symbol) in CRH and POMC neurons and may control 
the stress-induced propensity to consume alcohol. 

NOTE: (+) = stimulatory effect; (–) = inhibitory effect. 

Circadian Genes, the Stress Response, and Alcohol
Several findings have suggested that interactions exist between
the circadian system, the HPA axis, and alcohol-drinking
behavior (see the figure). For example, in animal studies,
forced-swimming and immobilization stress elevated expression
of the murine Per1 gene in CRH-positive cells of the PVN
(Takahashi et al. 2001). On the other hand, stress-related
(i.e., cortisol-induced) transcriptional activation of human
PER1 was reduced in a type of human blood cells (i.e., B-
lymphoblastoid cells) that carried an altered form of the
PER1 gene (i.e., the rs3027172 genotype), which has been
associated with an increased risk of alcoholism (Dong et al.
2011). Moreover, alcohol consumption can decrease Per2
expression in POMC-producing neurons in the hypothala-
mus (Chen et al. 2004), and certain mutations in the murine
Per2 gene interfere with alcohol’s stimulatory effect on
POMC neurons (Agapito et al. 2010) and alter the rhythmic
changes in corticosterone levels in the blood (Yang et al.
2009). Thus, it seems that the Per1 and Per2 genes may con-
trol functions of CRH- and POMC-producing neurons and
that these interactions are affected by alcohol.
It is possible that alcohol-mediated modulation of Per

genes may play a significant role in modulating HPA axis
function, which in turn may lead to an increased propensity
to drink alcohol following a stressful event. This view is sup-
ported by the recent findings by Dong and colleagues
(2011) that the presence of certain Per1mutations increased
psychosocial stress-induced alcohol drinking in mice, increased
alcohol-drinking behavior in human adolescents following
psychosocial adversity, and reduced cortisol-induced transcrip-
tional activation of Per1 in human B-lymphoblastoid cells.
Other recent findings, although preliminary, showed that 
a certain Per2mutation increased basal levels of plasma 
corticosterone and alcohol drinking while preventing stress-
induced increases in corticosterone levels and alcohol drinking
in mice (Logan et al. 2011). In this context, it is interesting
to note that mice carrying mutations in Per2, but not Per1,
display ethanol reinforcement and alcohol-seeking behavior
(Spanagel et al. 2005a; Zghoul et al. 2007). 
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conclusions

The studies reviewed here suggest an intricate interaction
between circadian genes, the body’s stress response, and alco-
hol consumption. Thus, it seems that particularly the Per1
and Per2 genes, which have a distinct influence on the HPA
axis, may control stress-induced propensity to alcohol drink-
ing behavior. However, additional research is needed to
address this novel concept involving clock genes, stress, and
alcohol drinking.  ■
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