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I

t has long been known that stress
increases the risk of alcohol relapse
(Sinha 2001). Clinical observations,
surveys, and epidemiological studies
document an association between selfreports 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 psychobiological and neural evidence linking
stress and alcohol consumption. Evidence
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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
stress biology–related measures of relapse risk that could serve as biomarkers to
identify those most at risk of alcohol relapse during early recovery from alcoholism;
and (2) the development of novel interventions that target stress-related effects on the
motivation to drink alcohol and on relapse outcomese KEY WORDS: Alcoholism; alcohol
dependence; alcohol and other drug (AOD)-seeking behavior; AOD craving; alcohol
cue; relapse; relapse prevention; recovery; motivation; risk factors; stress; stress
response; brain; brain imaging; biomarker; intervention; human studies

suggests that the neural circuits involved
in stress and emotions overlap substantially 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 sidebar 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 stressrelated symptoms and is associated
with increased anxiety and negative
emotions; changes in sleep and appetite;
aggressive behaviors; changes in attention, concentration, and memory; and
desire/craving for alcohol (Sinha 2001,
2007, 2009). Stress-related symptoms
are most prominent during early abstinence 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 corticotropinreleasing factor (CRF), norepinephrine,
and cortisol in a number of the brain’s
stress and emotion centers, such as the
hypothalamus1, amygdala, hippocampus, and prefrontal regions (Koob and
Kreek 2007). Chronic alcohol abuse
also alters dopaminergic signaling in
the ventral striatum (VS) and the ventral tegmental area (VTA). And such
changes are associated with increased
alcohol seeking (craving) and alcohol
self-administration in laboratory animals (Cleck and Blendy 2008; Koob
and Kreek 2007; Koob et al. 2004;
Rasmussen et al. 2006). Further corroboration 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 withdrawal 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 adrenocorticotropin (ACTH) from the anterior
pituitary, which in turn stimulates the
adrenal glands to release the stress hormone 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
1

For definitions of this term and other technical terms used in
this article, see the Glossary on pp. 522–524.

sympathetic arousal and functions to
decrease and regulate autonomic function. Alcohol use stimulates the HPA
axis and initially stimulates the autonomic systems by provoking sympathetic 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 demonstrated 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 measured 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 neurochemical changes indicate specific
dysregulation in the neurochemical
systems that play a role in emotion,
stress, and motivation functions in
alcoholics. Such changes raise the question of whether these measures contribute to the high levels of emotional
distress, alcohol craving, and compulsive 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 motivation 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). Furthermore, severity of alcohol use has been
shown to affect the magnitude of cuerelated physiological arousal, compulsive 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 problems, 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 distress 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 suggest possible difficulties in applying
and accessing cognitive–behavioral
strategies in real-world relapse situations. Thus, to understand the biobehavioral mechanisms underlying the
high stress and craving state during
early recovery, the author began to
study this phenomenon in the laboratory, 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-/drugrelated 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 multiple emotions of fear, sadness, and anger
when compared with the stress of public speaking, which elicited increased
fear, but no anger and sadness. In addition, individualized stress imagery
resulted in significant increases in drug
craving, whereas public speaking did
not (Sinha and O’Malley 1999).

Another study examined stressinduced and drug-related craving and
physiological responses using individualized scripts of comparable length and
style for stress, drug- related, and neutralrelated situations. Among cocainedependent 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, compared 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-dependent individuals and also increase the
desire for the drug in healthy social
drinkers (Chaplin et al. 2008; Fox et

Patient Vignettes

T

hese patient descriptions illustrate several points about stress
and motivation for alcohol use
that are relevant from a clinical perspective. The first vignette is an
example of an interpersonal stress situation that is a typical precipitant of
relapse. Although patients are less
likely to divulge specific details of
craving situations in a clinical context, the second vignette illustrates
that alcohol cues and increased craving 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 question is whether stress and alcohol
cues provoke similar drug craving
states that may be targeted in treatment. Additional research questions
are whether the response to stress and
alcohol-related stimuli differs for
alcohol-dependent and non–alcoholdependent people and whether stress
responses and managing stress is
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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 treatment 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 alcoholrelated 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 badgering 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 saying. My heart was racing. Suddenly,
she dialed the number and throws the
phone at me while it is ringing. I am

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 accompany 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

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 conversation. 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 pacing 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 pounding. Kay is crying, and I can’t do anything 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 something. 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

(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-

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 anything 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 feeling 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

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 stressrelated 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

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 tingling 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.”
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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 persistence 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 hallmark 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 laboratory 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 discharge from the inpatient unit. The
follow-up rates for these assessments
were 96, 89, 92, and 86 percent,
respectively.
Initial evidence suggested that laboratory responses to stress- and alcohol436

related stimuli exposure were predictive
of alcohol treatment outcomes. Stressinduced alcohol craving in the laboratory during inpatient treatment was
predictive of number of days of alcohol
used and total number of drinks consumed 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 relating 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-toACTH 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 stressand cue-induced alcohol craving on
subsequent alcohol relapse and treatment
outcomes. They also are consistent with
earlier reports of stress system involvement 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
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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 recovery, the alcohol-craving state is marked
by anxiety and compulsive motivation
for drugs, along with poor stress regulatory 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 alcoholrelated brain changes and whether
such changes are associated with alcohol
craving and alcohol use. Neuroanatomically, 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 striatum, 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 computed 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 controls 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

alcohol craving in response to the presentation 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 accumbens 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 functional 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 hyperresponsivity 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 processing 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 correlations 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 noradrenergic 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 maintained abstinence (Pfefferbaum et al.
1998). In a whole-brain analysis, Rando
and colleagues (2011) found significantly smaller gray-matter volume in
recently abstinent alcohol-dependent
patients relative to healthy study participants in three regions: the medial
frontal cortex, right lateral prefrontal
cortex, and a posterior region surrounding the parietal-occipital sulcus.
Smaller medial frontal and parietaloccipital gray-matter volume were each
predictive of shorter time to subsequent 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
2

Kindling is a phenomenon in which a weak electrical or chemical stimulus, which initially causes no overt behavioral responses,
results in the appearance of behavioral effects, such as seizures,
when it is administered repeatedly.

control, emotion regulation, and
abstraction abilities could serve as useful neural markers of relapse risk and
alcoholism treatment outcome.

Clinical Implications and
Conclusion
The previous sections cite evidence
from clinical, laboratory, and neuroimaging 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 contribute 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 cueinduced 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 physiological regulation of the stress response.
A lack of normal stress regulation during this early abstinence period leaves
the recovering alcoholic highly vulnerable to high craving, anxiety, and risk
of relapse, particularly under stressful
conditions and when faced with alcoholrelated 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
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release from the adrenal cortex. Finally,
changes in volume and function of the
brain regions involved in impulse control and emotion regulation also are
predictive of alcohol relapse outcomes.
Each of these measures could be further 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 benefit 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 decreasing alcohol craving so as to improve
relapse outcomes in alcoholism. ■

Acknowledgements
Preparation of this review was supported by grants R01–AA–13892,
UL1–DE019856, and PL1–DA024859
from the National Institutes of Health.
Dr. Sinha also is on the scientific advisory
board for Embera NeuroTherapeutics.

Financial Disclosure
The author declares that he has no
competing financial interests.

References
AdinoFF, B.; iRAnmAnEsh, A.; VEldhuis, J.; And FishER, l.
disturbances of the stress response: The role of the hPA
axis during alcohol withdrawal and abstinence. Alcohol
Health and Research World 22(1):67–72, 1998. Pmid:
15706736
AdinoFF, B.; JunGhAnns, K.; KiEFER, F.; And KRishnAn-sARin, s.
suppression of the hPA axis stress-response: implications

438

for relapse. Alcoholism: Clinical and Experimental
Research 29(7):1351–1355, 2005. Pmid: 16088999
BRAndon, T.h.; VidRinE, J.i.; And liTVin, E.B. Relapse and
relapse prevention. Annual Review of Clinical
Psychology 3:257–284, 2007. Pmid: 17716056
BREEsE, G.R.; Chu, K.; dAyAs, C.V.; ET Al. stress enhancement of craving during sobriety: A risk for relapse.
Alcoholism: Clinical and Experimental Research
29(2):185–195, 2005. Pmid: 15714042
BREEsE, G.R.; sinhA, R.; And hEiliG, m. Chronic alcohol
neuroadaptation and stress contribute to susceptibility
for alcohol craving and relapse. Pharmacology &
Therapeutics 129(2):149–171, 2011. Pmid: 20951730
BRown, s.A.; ViK, P.w.; mCQuAid, J.R.; ET Al. severity of
psychosocial stress and outcome of alcoholism treatment. Journal of Abnormal Psychology 99(4):344–348,
1990. Pmid: 2266207
CARdEnAs, V.A.; sTudholmE, C.; GAzdzinsKi, s.; ET Al.
deformation-based morphometry of brain changes in
alcohol dependence and abstinence. NeuroImage
34(3):879–887, 2007. Pmid: 17127079
CARTER, B.l., And TiFFAny, s.T. meta-analysis of cue-reactivity in addiction research. Addiction 94(3):327–340,
1999. Pmid: 10605857
ChAPlin, T.m.; honG, K.; BERGQuisT, K.; And sinhA, R. Gender
differences in response to emotional stress: An assessment across subjective, behavioral, and physiological
domains and relations to alcohol craving. Alcoholism:
Clinical and Experimental Research 32(7):1242–1250,
2008. Pmid: 18482163

Fox, h.C.; BERGQuisT, K.l.; honG, K.i.; And sinhA, R. stressinduced and alcohol cue-induced craving in recently
abstinent alcohol-dependent individuals. Alcoholism:
Clinical and Experimental Research 31(3):395–403,
2007. Pmid: 17295723
Fox, h.C.; TAlih, m.; mAlison, R.; ET Al. Frequency of recent
cocaine and alcohol use affects drug craving and associated responses to stress and drug-related cues.
Psychoneuroendocrinology 30(9):880–891, 2005.
Pmid: 15975729
GEoRGE, m.s.; AnTon, R.F.; BloomER, C.; ET Al. Activation of
prefrontal cortex and anterior thalamus in alcoholic subjects on exposure to alcohol-specific cues. Archives of
General Psychiatry 58(4):345–352, 2001. Pmid:
11296095
GilmAn, J.m., And hommER, d.w. modulation of brain
response to emotional images by alcohol cues in alcohol-dependent patients. Addiction Biology 13(3–4):
423–434, 2008. Pmid: 18507736
GlAuTiER, s.; dRummond, d.C.; And REminGTon, B. different
drink cues elicit different physiological responses in
non-dependent drinkers. Psychopharmacology (Berlin)
106(4):550–554, 1992. Pmid: 1579627
GoEdERs, n.E. The hPA axis and cocaine reinforcement.
Psychoneuroendocrinology 27(1-2):13–33, 2002. Pmid:
11750768
GREElEy, J.d.; swiFT, w.; PREsCoTT, J.; And hEAThER, n.
Reactivity to alcohol-related cues in heavy and light
drinkers. Journal of Studies on Alcohol 54(3):359–368,
1993. Pmid: 8487545

ClECK, J.n., And BlEndy, J.A. making a bad thing worse:
Adverse effects of stress on drug addiction. Journal of
Clinical Investigation 118(2):454–461, 2008. Pmid:
18246196

GRussER, s.m.; wRAsE, J.; KlEin, s.; ET Al. Cue-induced
activation of the striatum and medial prefrontal cortex is
associated with subsequent relapse in abstinent alcoholics. Psychopharmacology (Berlin) 175(3):296–302,
2004

CoonEy, n.l.; liTT, m.d.; moRsE, P.A.; ET Al. Alcohol cue
reactivity, negative-mood reactivity, and relapse in treated alcoholic men. Journal of Abnormal Psychology
106(2):243–250, 1997. Pmid: 9131844

GRussER, s.m.; moRsEn, C.P.; And FloR, h. Alcohol craving
in problem and occasional alcohol drinkers. Alcohol and
Alcoholism 41:421–425, 2006. Pmid: 15127179

CoonEy, n.l.; liTT, m.d.; CoonEy, J.l.; ET Al. Alcohol and
tobacco cessation in alcohol-dependent smokers:
Analysis of real-time reports. Psychology of Addictive
Behaviors 21(3):277–286, 2007. Pmid: 17874878

GRussER, s.m.; moRsEn, C.P.; wolFlinG, K.; And FloR, h.
The relationship of stress, coping, effect expectancies
and craving. European Addiction Research
13(1):31–38, 2007. Pmid: 17172777

dACKis, C.A., And Gold, m.s. new concepts in cocaine
addiction: The dopamine depletion hypothesis. Neuroscience and Biobehavioral Reviews 9(3):469–477,
1985. Pmid: 2999657

hEinz, A.; siEssmEiER, T.; wRAsE, J.; ET Al. Correlation of
alcohol craving with striatal dopamine synthesis capacity and d2/3 receptor availability: A combined
[18F]doPA and [18F]dmFP PET study in detoxified alcoholic patients. American Journal of Psychiatry
162(8):1515–1520, 2005. Pmid: 16055774

dAwson, d.A.; GRAnT, B.F.; sTinson, F.s.; And Chou, P.s.
Psychopathology associated with drinking and alcohol
use disorders in the college and general adult populations. Drug and Alcohol Dependence 77(2):139–150,
2005. Pmid: 15664715
EhREnREiCh, h.; sChuCK, J.; sTEndER, n.; ET Al. Endocrine
and hemodynamic effects of stress versus systemic CRF
in alcoholics during early and medium term abstinence.
Alcoholism: Clinical and Experimental Research
21(7):1285–1293, 1997. Pmid: 9347091
FEin, G.; di sClAFAni, V.; CARdEnAs, V.A.; ET Al. Cortical gray
matter loss in treatment-naive alcohol dependent individuals. Alcoholism: Clinical and Experimental Research
26(4):558–564, 2002. Pmid: 11981133

Alcohol Research: C u r r e n t R e v i e w s

hEinz, A.; siEssmEiER, T.; wRAsE, J.; ET Al. Correlation
between dopamine d(2) receptors in the ventral striatum and central processing of alcohol cues and craving.
American Journal of Psychiatry 161(10):1783–1789,
2004. Pmid: 15465974
hymAn, s.m.; Fox, h.; honG, K,i.; ET Al. stress and drug
cue-induced craving in opioid-dependent individuals in
naltrexone treatment. Experimental and Clinical
Psychopharmacology 15(2), 134-143, 2007. Pmid:
17469937
inGJAldsson, J.T.; lABERG, J.C.; And ThAyER, J.F. Reduced
heart rate variability in chronic alcohol abuse:

Relationship with negative mood, chronic thought suppression, and compulsive drinking. Biological Psychiatry
54(12):1427–1436, 2003. Pmid: 14675808

Alcoholism: Clinical and Experimental Research
19(5):1177–1191, 1995. Pmid: 8561288

JunGhAnns, K.; BACKhAus, J.; TiETz, u.; ET Al. impaired
serum cortisol stress response is a predictor of early
relapse. Alcohol and Alcoholism 38(2):189–193, 2003.
Pmid: 12634269

PFEFFERBAum, A.; sulliVAn, E.V.; RosEnBloom, m.J.; ET Al. A
controlled study of cortical gray matter and ventricular
changes in alcoholic men over a 5-year interval.
Archives of General Psychiatry 55(10):905–912, 1998.
Pmid: 9783561

KAPlAn, R.F.; CoonEy, n.l.; BAKER, l.h.; ET Al. Reactivity to
alcohol-related cues: Physiological and subjective
responses in alcoholics and nonproblem drinkers.
Journal of Studies on Alcohol 46(4):267–272, 1985.
Pmid: 4033125

PomERlEAu, o.F.; FERTiG, J.; BAKER, l.; And CoonEy, n.
Reactivity to alcohol cues in alcoholics and non-alcoholics: implications for a stimulus control analysis of
drinking. Addictive Behaviors 8(1):1–10, 1983. Pmid:
6880920

KooB, G., And KREEK, m.J. stress, dysregulation of drug
reward pathways, and the transition to drug dependence. American Journal of Psychiatry
164(8):1149–1159, 2007. Pmid: 17671276

RAndo, K.; honG, K.i.; li, C.s.; ET Al. Association of frontal
and posterior cortical gray matter volume with time to
alcohol relapse: A prospective study. American Journal
of Psychiatry 168(2):183–192, 2011. Pmid: 21078704

KooB, G.F. dynamics of neuronal circuits in addiction:
Reward, antireward, and emotional memory.
Pharmacopsychiatry 42(suppl. 1): s32–s41, 2009.
Pmid: 19434554

RAsmussEn, d.d.; wilKinson, C.w.; And RAsKind, m.A.
Chronic daily ethanol and withdrawal: 6. Effects on rat
sympathoadrenal activity during “abstinence”. Alcohol
38(3):173-177, 2006. Pmid: 16905443

KooB, G.F.; AhmEd, s.h.; BouTREl, B.; ET Al. neurobiological
mechanisms in the transition from drug use to drug
dependence. Neuroscience and Biobehavioral Reviews
27(8):739–749, 2004. Pmid: 15019424

REChlin, T.; oRBEs, i.; wEis, m.; And KAsChKA, w.P.
Autonomic cardiac abnormalities in alcohol-dependent
patients admitted to a psychiatric department. Clinical
Autonomic Research 6(2):119–122, 1996. Pmid:
8726098

lEE, s., And RiViER, C. An initial, three-day-long treatment
with alcohol induces a long-lasting phenomenon of
selective tolerance in the activity of the rat hypothalamic-pituitary-adrenal axis. Journal of Neuroscience
17(22):8856–8866, 1997. Pmid: 9348353

REhm, J.; mAThERs, C.; And PoPoVA, s.; ET Al. Global burden
of disease and injury and economic cost attributable to
alcohol use and alcohol-use disorders. Lancet
373(9682):2223–2233, 2009. Pmid: 19560604

liTT, m.d., And CoonEy, n.l. inducing craving for alcohol
in the laboratory. Alcohol Research & Health
23(3):174–178, 1999. Pmid: 10890812
mARTinEz, d.; Gil, R.; sliFsTEin, m.; ET Al. Alcohol dependence is associated with blunted dopamine transmission in the ventral striatum. Biological Psychiatry
58(10):779–786, 2005. Pmid: 16018986
mARTinEz, d.; Kim, J.h.; KRysTAl, J.; And ABi-dARGhAm, A.
imaging the neurochemistry of alcohol and substance
abuse. Neuroimaging Clinics of North America
17(4):539–555, 2007. Pmid: 17983969

RiChARdson, h.n.; lEE, s.y.; o’dEll, l.E.; ET Al. Alcohol selfadministration acutely stimulates the hypothalamic-pituitary-adrenal axis, but alcohol dependence leads to a
dampened neuroendocrine state. European Journal of
Neuroscience 28(8):1641–1653, 2008. Pmid: 18979677
RoBinson, T.E., And BERRidGE, K.C. The neural basis of drug
craving: An incentive-sensitization theory of addiction.
Brain Research. Brain Research Reviews 18(3):247–
291, 1993. Pmid: 8401595
RoBinson, T.E., And BERRidGE, K.C. The psychology and
neurobiology of addiction: An incentive-sensitization
view. Addiction 95(suppl. 2):s91–s117, 2000. Pmid:
11002906

modEll, J.G., And mounTz, J.m. Focal cerebral blood flow
change during craving for alcohol measured by sPECT.
Journal of Neuropsychiatry and Clinical Neurosciences
7(1):15–22, 1995. Pmid: 7711486

Room, R.; BABoR, T.; And REhm, J. Alcohol and public
health. Lancet 365(9458):519–530, 2005. Pmid:
15705462

myRiCK, h.; AnTon, R.F.; li, x.; ET Al. differential brain
activity in alcoholics and social drinkers to alcohol cues:
Relationship to craving. Neuropsychopharmacology
29(2):393–402, 2004. Pmid: 14679386

RosEnBERG, h., And mAzzolA, J. Relationships among selfreport assessments of craving in binge-drinking university students. Addictive Behaviors 32(12):2811–2818,
2007. Pmid: 17524566

o’BRiEn, C.P. Anticraving medications for relapse prevention: A possible new class of psychoactive medications.
American Journal of Psychiatry 162(8):1423–1431,
2005. Pmid: 16055763

shiVEly, C.A.; miETus, J.E.; GRAnT, K.A.; ET Al. Effects of
chronic moderate alcohol consumption and novel environment on heart rate variability in primates (macaca
fascicularis). Psychopharmacology (Berlin) 192(2):
183–191, 2007. Pmid: 17297637

o’BRiEn, C.P.; ChildREss, A.R.; EhRmAn, R.; And RoBBins, s.J.
Conditioning factors in drug abuse: Can they explain
compulsion? Journal of Psychopharmacology 12(1):
15–22, 1998. Pmid: 9584964

sinhA, R. how does stress increase risk of drug abuse
and relapse? Psychopharmacology (Berlin)
158(4):343–359, 2001. Pmid: 11797055

PFEFFERBAum, A.; sulliVAn, E.V.; mAThAlon, d.h.; ET Al.
longitudinal changes in magnetic resonance imaging
brain volumes in abstinent and relapsed alcoholics.

sinhA, R. The role of stress in addiction relapse. Current
Psychiatry Reports 9(5):388–395, 2007. Pmid:
17915078

sinhA, R. Chronic stress, drug use, and vulnerability to
addiction. Annals of the New York Academy of Sciences
1141:105–130, 2008. Pmid: 18991954
sinhA, R.; TAlih, m.; mAlison, R.; ET Al. hypothalamic-pituitary-adrenal axis and sympatho-adreno-medullary
responses during stress-induced and drug cue-induced
cocaine craving states. Psychopharmacology (Berlin)
170(1):62–72, 2003. Pmid: 12845411
sinhA, R.; lACAdiE, C.; sKudlARsKi, P.; ET Al. neural activity
associated with stress-induced cocaine craving: A functional magnetic resonance imaging study.
Psychopharmacology (Berlin) 183(2):171–180, 2005.
Pmid: 16163517
sinhA, R.; Fox, h.C.; honG, K.A.; ET Al. Enhanced negative
emotion and alcohol craving, and altered physiological
responses following stress and cue exposure in alcohol
dependent individuals. Neuropsychopharmacology
34(5):1198–1208, 2009. Pmid: 18563062
sinhA, R.; FusE, T.; AuBin, l.R.; And o’mAllEy, s.s.
Psychological stress, drug-related cues and cocaine
craving. Psychopharmacology (Berlin) 152(2):140–148,
2000. Pmid: 11057517
sinhA, R.; GARCiA, m.; PAliwAl, P.; ET Al. stress-induced
cocaine craving and hypothalamic-pituitary-adrenal
responses are predictive of cocaine relapse outcomes.
Archives of General Psychiatry 63(3):324–331, 2006.
Pmid: 16520439
sinhA, R.; Fox, h.C.; honG, K.i.; ET Al. Effects of adrenal
sensitivity, stress- and cue-induced alcohol craving, and
anxiety on subsequent alcohol relapse and treatment
outcomes. Archives of General Psychiatry, 68(9):942952, 2011a. Pmid: 21536969
sinhA, R.; shAhAm, y.; And hEiliG, m. Translational and
reverse translational research on the role of stress in
drug craving and relapse. Psychopharmacology (Berlin)
218(1):69-82, 2011b. Pmid: 21494792
sinhA, R. new findings on biological factors predicting
addiction relapse vulnerability. Current Psychiatry
Reports 12(5):398-405, 2011. Pmid: 21792580
sinhA, R. modeling stress and drug craving in the laboratory: implications for addiction treatment development.
Addiction Biology 14(1):84–98, 2009. Pmid: 18945295
sinhA, R., And li, C.s. imaging stress- and cue-induced
drug and alcohol craving: Association with relapse and
clinical implications. Drug and Alcohol Review
26(1):25–31, 2007. Pmid: 17364833
sinhA, R., And o’mAllEy, s.s. Craving for alcohol: Findings
from the clinic and the laboratory. Alcohol and
Alcoholism 34(2):223–230, 1999. Pmid: 10344782
TAPERT, s.F.; BRown, G.G.; KindERmAn, s.s.; ET Al. fmRi
measurement of brain dysfunction in alcohol-dependent
young women. Alcoholism: Clinical and Experimental
Research 25(2):236–245, 2001. Pmid: 11236838
ThAyER, J.F., And sTERnBERG, E. Beyond heart rate variability: Vagal regulation of allostatic systems. Annals of the
New York Academy of Sciences 1088:361–372, 2006.
Pmid: 17192580
TiFFAny, s.T. A cognitive model of drug urges and druguse behavior: Role of automatic and nonautomatic pro-

How Does Stress Lead to Risk of Alcohol Relapse

439

cesses. Psychological Review 97(2):147–168, 1990.
Pmid: 2186423

dependence-induced increases in responding for
ethanol. Alcohol 42(2):91–97, 2008. Pmid: 18358987

ing cue-elicited cocaine craving. Neuropsychopharmacology 31(12):2716–2727, 2006. Pmid: 16971900

VolKow, n.d. imaging the addicted brain: From
molecules to behavior. Journal of Nuclear Medicine
45(11):13n–22n, 2004. Pmid: 15584131

wAnd, G.s., And doBs, A.s. Alterations in the hypothalamic-pituitary-adrenal axis in actively drinking alcoholics.
Journal of Clincal Endocrinology and Metabolism
72(6):1290–1295, 1991. Pmid: 2026749

wRAsE, J.; GRussER, s.m.; KlEin, s.; ET Al. development of
alcohol-associated cues and cue-induced brain activation in alcoholics. European Psychiatry 17(5):287–291,
2002. Pmid: 12381499

wEiss, F. neurobiology of craving, conditioned reward
and relapse. Current Opinion in Pharmacology
5(1):9–19, 2005. Pmid: 15661620

yoon, G.; Kim, s.w.; ThuRAs, P.; ET Al. Alcohol craving in
outpatients with alcohol dependence: Rate and clinical
correlates. Journal of Studies on Alcohol 67(5):770–
777, 2006. Pmid: 16847547

VolKow, n.d., And FowlER, J.s. Addiction, a disease of
compulsion and drive: involvement of the orbitofrontal
cortex. Cerebral Cortex 10(3):318–325, 2000. Pmid:
10731226
VolKow, n.d.; wAnG, G.J.; TElAnG, F.; ET Al. Cocaine cues
and dopamine in dorsal striatum: mechanism of craving
in cocaine addiction. Journal of Neuroscience
26(24):6583–6588, 2006. Pmid: 16775146

willnER, P.; FiEld, m.; PiTTs, K.; And REEVE, G. mood, cue
and gender influences on motivation, craving, and liking
for alcohol in recreational drinkers. Behavioural
Pharmacology 9(7):631–642, 1998. Pmid: 9862088

wAlKER, B.m.; RAsmussEn, d.d.; RAsKind, m.A.; And KooB,
G.F. alpha1-noradrenergic receptor antagonism blocks

wonG, d.F.; KuwABARA, h.; sChRETlEn, d.J.; ET Al. increased
occupancy of dopamine receptors in human striatum dur-

zhou, y.; FRAnCK, J.; sPAnGlER, R.; ET Al. Reduced hypothalamic PomC and anterior pituitary CRF1 receptor mRnA
levels after acute, but not chronic, daily “binge” intragastric alcohol administration. Alcoholism: Clinical and
Experimental Research 24(10):1575–1582, 2000.
Pmid: 11045867

Announcing Two New Alcohol Alerts
Number 82

Fetal Alcohol Spectrum Disorders: Understanding
the Effects of Prenatal Alcohol Exposure
when pregnant women drink, they put their unborn babies at risk for a wide range
of physical, cognitive, and behavioral problems, which can last a lifetime. This
Alert examines the full range of problems resulting from prenatal alcohol exposure.
it describes new diagnostic tools that may help detect these disorders and promising
interventions and treatment options that may help people with fetal alcohol spectrum
disorders to lead more productive and satisfying lives.

Number 83

Preventing Alcohol Abuse and Alcoholism—
An Update
drinking too much alcohol can take a heavy toll, not only on a person’s health but
also on his or her family relationships and work or school performance. Prevention
holds the key. This Alert explores some of the most effective prevention approaches
in use today, aimed at a variety of groups—especially youth, their families, and
the communities in which they live and work.
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