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Stress is an important factor known to increase alcohol
and drug relapse risk. This paper examines the stress-
related processes that influence addiction relapse. First,
individual patient vignettes of stress- and cue-related
situations that increase drug seeking and relapse sus-
ceptibility are presented. Next, empirical findings from
human laboratory and brain-imaging studies that are
consistent with clinical observations and support the
specific role of stress processes in the drug-craving state
are reviewed. Recent findings on differences in stress
responsivity in addicted versus matched community
social drinkers are reviewed to demonstrate alterations
in stress pathways that could explain the significant con-
tribution of stress-related mechanisms on craving and
relapse susceptibility. Finally, significant implications of
these findings for clinical practice are discussed, with
a specific focus on the development of novel interven-
tions that target stress processes and drug craving to
improve addiction relapse outcomes.

Introduction

It has long been known that stress increases the risk of
drug abuse and relapse [1]. Initially, the basis for this
association comes from clinical observations, surveys,
and epidemiologic studies. However, the mechanisms
by which stress exposure increases drug use and relapse
risk have been elusive until recently. The last two decades
have seen a dramatic increase in preclinical and clinical
research to understand neural circuits associated with
stress and those underlying addictive behaviors. Evidence
suggests that the neural circuits involved in stress overlap
substantially with brain systems involved in drug reward.
Chronic use of drugs can result in neuroadaptive changes
in brain stress and reward pathways that in turn can alter
a dependent individual’s response to stress, particularly
with respect to the perpetuation of addictive behaviors
and relapse [1,2¢]. Clinical observations and patient

description of stress-related situations that have led to
drug use and relapse situations in addicted individuals in
early recovery are presented.

Patient vignettes

Stress situation

This situation was rated as a 9 for “highly stress-
ful” on a 10-point Likert scale in which 0 is
“not at all stressful” and 10 refers to “highly stressful—
most you’ve felt recently” and was narrated by a female
patient addicted to alcohol and cocaine and in recovery
for 6 weeks.

“It was late at night in the spring. I was at my sister’s
place. I remember ber saying, ‘You are so smart ... why
are you wasting your life?’ I remember she said, ‘1 have
been around drugs, 1 should have been the drug user, but
I didn’t, and why did you turn out a loser?’ She didn’t
know how it was making me feel. I felt 1 had to leave.
I could not handle those emotions in that period of my
life. I was withdrawing. 1 was trying to leave. I told ber,
‘I don’t want to talk about this; I can’t talk about this
in this condition.” I was sad; 1 was very sad. I was sad
because I had no answers for ber ... you know ... I didn’t
know what to tell her. I went and got the telephone and |
called for a ride. 1 remember 1 had dropped the cordless
phone and um ... she yelled at me. “You bitch, you'’re a
crackbead; you can’t buy me another phone.” I'll never
forget that statement ... and um ... I ran out of the house.
I was very, very distraught, I was crying, and I wanted
to use so badly. As a matter of fact, there was a bar right
around the corner. It had to be around 1 AM, because |
remember I went to that bar and I would say it was a lit-
tle after 1 AM when I drank till it closed at about 2 AM. 1
felt disgusted ... just thinking of it ... I can remember ... |
almost felt like nauseous ... anxious ... very anxious ... |
had to ... it’s a terrible feeling ... I don’t even like to think
about it ... but I bad to bave a drink. Like I said, all I can
remember is feeling nauseous, like an upset stomach. 1
would have to say I felt tense, like in my shoulders and all
over. My heart was racing, and I felt like I was burning
up. I just had to get out of there, and all I could think of
was having a drink.”

Drug-related situation

“It would have been in the afternoon on a fall day. I
believe that I bad just woken up ... you know, I was party-
ing all night, sleeping all day, and this particular afternoon
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L woke up and I wanted to get high really bad. I was in my
bedroom when I woke up. I was so used to people com-
ing over, around that time or before, to get me high, and
nobody was showing up ... and I was like (gestures shock),
“Where is everybody?’ (laughs) ... you know what I mean.
Twas waking up to it ... that’s all I did was get bigh all day,
and this particular morning no one was showing up. I went
downstairs to see if I saw anybody. So I starting thinking
about how am 1 going to get my hands on some crack. So
I called up a couple of dealers, but of course they wouldn’t
give me any. By now I really have to get high—like I have
to have it now. It’s a whole body thing, you know, your
whole body gets tense, your head is not feeling right, and
it was just a real intense, powerful craving. 1 was angry.
I was sweating and snapping at people. I was very mean
to everyone. It just wasn’t me, and I didn’t like it because
I realized how 1 was acting, and I did not like it. But 1
couldn’t stop it. I could not get myself out of it. [ know I
wasn’t going to get out of it until I got high.”

These patient descriptions illustrate several points
about stress and drug-seeking behavior that are relevant
from a clinical perspective. The first vignette is a fairly typ-
ical description of interpersonal stress situations described
by patients when discussing stress precipitants to relapse.
Although patients are less likely to divulge specific details
of craving situations in a clinical context, the second
vignette illustrates that drug cues and increased craving
states in which drug access is limited can also increase
anxiety and stress-related arousal in addicted individuals.
These clinical situations raise many questions about the
role of stress in drug seeking and in relapse susceptibility.
The first point to establish is whether stress and drug cues
establish similar drug-craving states that may be targeted
in treatment. Second, they also raise the issue of whether
the response to stress- and drug-related stimuli is differ-
ent in addicted patients and whether stress responses and
managing stress are altered as a function of chronic drug
use. Although these vignettes provide anecdotal evidence,
the question of whether craving and stress-related arousal
are predictive of relapse outcomes and whether stress
causes relapse also need to be addressed. Finally, if stress
plays an important role in both stress- and cue-related
relapse, what types of interventions would be helpful, and
how can a clinician use the stress and craving responses to
better address the treatment needs of the addicted individ-
ual? The sections to follow address each of these questions
to illustrate the role of stress in addiction relapse.

Psychobiological Changes Associated with
Chronic Use of Psychoactive Drugs

Increases in irritability, anxiety, emotional distress, sleep
problems, dysphoria, aggressive behaviors, and drug crav-
ing are common during early abstinence from alcohol,
cocaine, opiates, nicotine, and marijuana [3-6]. Recent
conceptualizations of drug dependence emphasize the

establishment of a withdrawal-related “negative affect”
or psychologically distressed state during abstinence in
addicts that is associated with neuroadaptations in brain
reward circuits and stress pathways [7-10]. Severity of
the previously described abstinence symptoms is known
to predict treatment outcome among smokers, cocaine
addicts, heroin-dependent individuals, and alcoholics
[5,11-16]. In general, findings indicate that the greater the
dependence and abstinence severity, the greater the sus-
ceptibility to relapse and poor treatment outcome.

Also, a growing body of evidence documents alterations
in the dysregulation of the hypothalamic-pituitary-adrenal
(HPA) axis, autonomic nervous system changes, and altera-
tions in brain dopaminergic and emotion and motivational
systems of addicted individuals. Research has shown that
both acute and protracted withdrawal from psychoactive
substances are associated with overactivity of the corti-
cotropin-releasing factor (CRF) systems as documented
in preclinical studies [8] and in clinical studies showing
CRF-HPA disturbances in alcoholics, opiate addicts, and
cocaine-addicted individuals [2¢,7,17,18]. Autonomic and
noradrenergic abnormalities also have been well docu-
mented, with overactivity of these systems during acute
and protracted withdrawal from opiates, alcohol, and
cocaine [2,19-23]. These findings indicate that the CRF
and the autonomic/noradrenergic systems are dysregulated
during acute withdrawal. In addition, mild to moderate
alterations may exist past acute withdrawal during pro-
tracted abstinence, at least with the 4- to 12-week period,
which may contribute to the behavioral responses to stress
and its link to relapse susceptibility.

In addition, findings from human brain imaging studies
have reported short- and long-term changes in the dopa-
minergic system in humans. Reduced glucose metabolism,
especially in frontal regions, during both acute and pro-
tracted withdrawal (up to 3—4 months) from cocaine has
been observed (see [9] for review). Alcoholics and cocaine
abusers show a significant reduction in dopamine D, recep-
tors as compared with healthy controls, particularly in
frontal-striatal regions [9]. Some evidence also suggests
increased density of dopamine and noradrenergic trans-
porter binding sites in the striatum with chronic cocaine
abuse [24-26], a finding that has been replicated in rhesus
monkeys chronically exposed to cocaine [27,28]. Thus,
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 dif-
ficulties in regulating emotions, stress, and problems in
selecting of goal-directed adaptive responses, as opposed to
the selection of habitual, maladaptive responses.

Effects of Stress on Drug Craving and Arousal
in Addicted Individuals

Drug craving or “wanting” for drug is a hallmark feature
of addiction. It is an important component in mainte-
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nance of addictive behaviors [29-33], and preclinical data
indicate that sensitization processes resulting from neuro-
adaptations in brain reward pathways due to chronic drug
abuse underlie this excessive “wanting” or drug-seeking
state. They suggest that these neuroadaptations lead to
an increase in the incentive salience of drugs. That expo-
sure to drugs and drug-associated stimuli then results in
an excessive “wanting” or craving, thereby increasing
the susceptibility to relapse. To the extent that subjective
craving in addicts and drug-seeking behavior in animals
represents a measure of “wanting,” there is growing
research on examining the neural and psychobiological
substrates underlying these states.

Environmental stimuli previously associated with
drug use, or internal cues such as stress responses, nega-
tive affect, and withdrawal-related states associated with
drug abuse, can function as conditioned stimuli capable
of eliciting craving [34-36]. Foltin and Haney [37] dem-
onstrated that classical conditioning is one mechanism
by which neutral environmental cues paired with cocaine
smoking in cocaine abusers acquire emergent stimulus
effects in contrast to stimuli paired with placebo cocaine.
These findings validate a host of human laboratory stud-
ies documenting that exposure to external drug-related
stimuli, which may include people and places associated
with drug use or drug paraphernalia such as needles,
drug pipes, cocaine powder, or beer cans, and in vivo
exposure to drug itself can result in increased drug crav-
ing and physiologic reactivity [38]. Exposure to negative
affect, stress, or withdrawal-related distress also has
been associated with increases in drug craving and cue
reactivity [39-42].

One line of research in my laboratory has focused on
examining the effects of stress- and drug-related cues on
drug craving in alcoholics; cocaine-dependent individu-
als; and naltrexone-treated, opiate-dependent individuals
in recovery. We examined drug craving and reactivity in
treatment-engaged, abstinent, addicted individuals who
were exposed to stressful and nonstressful drug cue situ-
ations and neutral-relaxing situations, using personalized
imagery procedures as the induction method (Sinha,
Unpublished manual). Our initial findings indicated that
in addicted individuals, stress imagery elicited multiple
emotions of fear, sadness, and anger as compared with the
stress of public speaking, which elicited increases in fear
but no anger and sadness. In addition, imagery of personal
stressors produced significant increases in cocaine crav-
ing, whereas public speaking did not [41,43]. Significant
increases in heart rate, salivary cortisol, drug craving,
and subjective anxiety also were observed with imagery
exposure to stress and nonstress drug cues as compared
with neutral-relaxing cues in cocaine-dependent individu-
als [42]. More recently, we have shown that stress- and
alcohol-/drug-related stimuli similarly increase craving,
anxiety, negative emotions, and physiologic responses in
abstinent alcoholics and in naltrexone-treated, opiate-

addicted individuals [44,45]. On the other hand, recently
abstinent alcoholics and smokers consistently show a
blunted HPA response as measured by cortisol to stress
compared with nonsmokers [46,47].

In a more comprehensive assessment of the biologi-
cal stress response in recently abstinent cocaine-addicted
individuals, we reported that brief exposure to stress
and to drug cues as compared with neutral-relaxing cues
activated the HPA axis (with increases in adrenocortico-
tropic hormone [ACTH], cortisol, and prolactin levels),
as well as the sympthoadrenomedullary systems as mea-
sured by plasma norepinephrine (NE) and epinephrine
(EPI) levels [48]. Furthermore, we found little evidence
of recovery or return to baseline in ACTH, NE, and EPI
levels even more than an hour after the 5-minute imagery
exposure. These data provided some indirect evidence of
a dysregulated stress response during exposure to stress
and to drug cues. However, I elaborate on the direct
evidence of alterations in the stress- and reward-related
responses in addicted individuals compared with con-
trols in the next sections.

Brain-imaging studies with drug abusers have shown
that exposure to drug cues known to increase craving
resulted in activation of the amygdala and regions of the
frontal cortex [49-51]. Gender differences in amygdala
activity and frontal cortex response in cocaine-dependent
individuals also have been reported [52,53]. Amygdala
nuclei are also essential in the acquisition of Pavlovian
fear conditioning [54], and stress exposure is known to
increase dopamine release in the basolateral amygdala
[55]. As stress also increases drug craving, we examined
brain activation during stress and neutral imagery in a
functional MRI study. Although healthy controls and
cocaine-dependent individuals showed similar levels of
distress and pulse changes during stress exposure, brain
response to emotional stress in paralimbic regions such
as the anterior cingulate cortex (an area important in
emotion regulation), hippocampus, and parahippocam-
pal regions was greater in healthy controls during stress,
whereas cocaine patients showed a striking absence of
such activation [56e]. In contrast, patients had increased
activity in the caudate and dorsal striatum region during
stress, activation that was significantly associated with
stress-induced cocaine craving ratings. In a recent positron
emission tomography study, Volkow et al. [57¢] have also
reported significant positive correlations between the dor-
sal striatum and drug cue-induced cocaine craving. These
findings are also consistent with functional MRI data on
alcoholic patients showing increased association between
dorsal striatum regions and alcohol craving in response to
presentation of alcohol-related stimuli [58,59]. Together,
these findings indicate that specific regions of the cingu-
late cortex, striatum, and amygdala are involved in the
increased responses to stress- and cue-induced drug crav-
ing ratings and that this circuitry may be dysfunctional in
addicted individuals.
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Altered Stress Responsivity and Enhanced
Drug Craving in Addicted Individuals

Whereas stress- and drug-related stimuli similarly increase
subjective distress and drug craving in recently abstinent
addicted individuals, there is specificity in physiologic and
HPA axis responses to stress by primary drug of abuse.
Our group recently compared abstinent cocaine-depen-
dent individuals to a demographically matched group
of healthy social drinkers using individually calibrated,
personally emotional stress- and drug/alcohol cue-
related imagery compared with neutral imagery. Findings
indicated that cocaine patients showed an enhanced sen-
sitivity to emotional distress and physiologic arousal and
higher levels of drug craving to both stress and drug cue
exposure compared with controls [60ee]. Similarly, we
also compared 4-week abstinent alcoholics to matched
social drinkers. The recovering alcoholics at 4 weeks
abstinence showed greater levels of basal heart rate and
salivary cortisol levels compared with control drinkers.
Upon stress and alcohol cue exposure, they showed per-
sistently greater subjective distress, alcohol craving, and
blood pressure responses but blunted pulse and cortisol
responses compared with controls [61].

Several conclusions can be drawn from these and pre-
vious findings. First, these data clearly indicate that the
stress pathways are altered in addicted individuals com-
pared with controls and that these alterations can last for
at least 4 weeks of abstinence, if not longer, from chronic
drug use. They also indicate that a hyperresponsive
distress state that is susceptible to compulsive drug seek-
ing ensues among addicted individuals who are in early
recovery. This increased sensitivity to distress and drug
craving, along with a decreased ability to recover and
return to baseline after stress and cue exposure represents
the dysfunctional state that could increase susceptibility
to relapse among addicts faced with stress- and drug-
related stimuli during recovery.

Stress-induced Relapse

A host of clinical and survey studies indicate that drug
abusers and alcoholics often cite stress and negative affect
as reasons for relapse to drug use (see [1,2¢] for review).
Furthermore, psychological research has long supported
the need to address stress coping in empirically validated
behavioral treatments of addiction [62,63]. However,
despite the efficacy of several behavioral interventions in
addiction treatment (see review in [64]), it is well known
that relapse rates in addiction remain high and the chronic
relapsing nature of addiction needs specific attention in
addiction treatments [1,31,65].

There is now growing recognition from the preclinical
and human neuroscience research that dysregulation in
brain stress and reward pathways may play a key role in
addiction relapse [1,66,67,68¢]. Several animal models of
relapse have shown that overactive brain CRF, noradren-

ergic, and glutamatergic systems, along with underactive
dopamine and y-aminobutyric acid systems contribute to
the high craving states and the chronic relapsing nature of
addiction [8,10,69-71]. Furthermore, using animal mod-
els of drug self-administration and relapse, preclinical
studies have identified CRF antagonists, a-2-adrener-
gic agonists, and glucocorticoid agents as important in
reducing stress- and cue-related drug seeking in addicted
laboratory animals (see [67,70]). These findings suggest
that human studies with addicts need to identify the viable
treatment targets that could decrease the high-stress and
drug-craving state that hampers recovery in addiction.

Human research also has begun to identify mark-
ers of the stress and craving states that are predictive of
relapse outcomes. To better understand the relationship
between relapse and increased distress with drug craving,
we conducted a follow-up study of patients with cocaine
or alcohol dependence. These were individuals described
in previous sections of this paper, and they were followed
for 90 days to assess relapse outcomes. For the cocaine
group, we found that stress-induced cocaine craving in the
laboratory significantly predicted time to cocaine relapse.
Although stress-induced ACTH and cortisol responses
were not associated with time to relapse, these responses
were predictive of amounts of cocaine consumed during
follow-up [72e¢]. Although in this study, drug cue-induced
craving was not predictive of relapse, there was a high
correlation between stress- and drug cue-induced drug
craving and between stress- and drug cue-induced HPA
responses. These data suggest that at least in the case of
cocaine dependence, stress- and drug cue-induced distress
states produce a similar compulsive drug-seeking state
that is associated with relapse vulnerability.

There also is evidence of stress system involvement
in relapse outcomes in alcoholics and smokers. Negative
mood and stress-induced alcohol craving and blunted
stress- and cue-induced cortisol responses have been
associated with alcohol relapse outcomes [40,67,73,74].
Nicotine-deprived smokers who were exposed to a series
of stressors showed blunted ACTH, cortisol, and blood
pressure responses to stress but increased nicotine with-
drawal and craving scores. These responses were predictive
of nicotine relapse outcomes [47]. Thus, for alcoholic and
smoking samples, as in the cocaine group, it appears that
the drug-craving state marked by increasing distress and
compulsive motivation for drug (craving), along with
poor stress regulatory responses (altered glucocorticoid
feedback or increased noradrenergic arousal) results in an
enhanced susceptibility to addiction relapse. A schematic
model of subjective distress, increased drug seeking, and
relapse susceptibility is presented in Figure 1.

In considering the research on stress, drug craving,
and relapse susceptibility highlighted in the previous sec-
tions, it is important to note several caveats. First, stress
responses and stress-related coping are complex phenom-
ena that are affected by multiple developmental, genetic,
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T Distress and anxiety
T Drug craving
T Conditioned
emotional response
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T Sensitivity of brain stress and
reward pathways; overactivity of
CRF and noradrenergic systems;
altered glucocorticoid feedback
and hypoactive dopamine systems

Stress or drug
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Figure 1. A schematic model of stress-related
mechanisms that increase relapse susceptibil-

ity. CRF—corticotropin-releasing factor.
T Drug abuse

and relapse risk

and individual factors. For example, early trauma and
child maltreatment alter stress responses and affect addic-
tion vulnerability [75,76]. Genetic factors are important
in emotion processing and in response to stressful life
events [77,78¢] and may be important in stress-related
relapse susceptibility in addictions. Psychiatric comorbid-
ity and individual differences in coping ability, executive
function, and impulse control can influence stress coping
and addiction vulnerability as well [79e]. Clearly, future
research needs to consider these factors in fully delineating
the association between stress, drug craving, and relapse
vulnerability, as these factors may significantly affect the
clinical efforts to address stress and relapse susceptibility.

Clinical Implications of the Role of Stress in
Addiction Relapse

The previous sections have identified recent trends in
human neuroscience research that indicate an important
role for stress pathways in the drug-craving state and
in relapse vulnerability. This final section discusses the
significant clinical implications of the role of stress in
addressing addiction relapse. First, the patient vignettes
described previously illustrate that clinicians can elicit
relapse situations to identify stress- and drug cue-related
cravings and compulsions in a clinical context. Clinicians
also may have patients identify craving and distress levels
as diagnostic markers to assess relapse propensity. Assess-
ment of altered stress arousal and hormonal responses
may further support the need to address stress-related
dysfunction in addiction treatment. A caveat to the
effective use of such assessments is consideration of the
psychosocial context of drug abuse. Addicted individuals
in recovery often are mandated by court and probation
to treatment. Reporting of craving and relapse vulner-
ability could result in serious negative consequences such
as incarceration, thereby preventing accurate report-
ing of cravings (more so for illicit drugs of abuse than
drugs such as nicotine and alcohol). Nonetheless, if the
confidentiality of the assessment and reporting can be
ensured, such assessments could inform clinicians of the
need to tailor their interventions toward stress regulation
and reduction of stress-induced craving.

Second, although assessing stress-induced craving and
hormonal responses can be informative in identifying
those individuals who are highly susceptible to relapse,
the findings presented earlier underscore the importance
of developing treatments that target attenuation of stress-
induced cocaine craving and regulation of stress-related
HPA axis responses in cocaine relapse prevention. There
currently are no empirically validated treatments that
address stress-related drug craving and arousal. As
described previously, animal studies have shown that both
CRF antagonists and a-2-adrenergic agonists attenuate
stress-induced drug and alcohol reinstatement in dependent
laboratory animals [66,70]. Nonpeptide CRF antagonists
currently are being investigated in the treatment of affec-
tive and anxiety disorders [80,81]. The findings presented
in the present review are consistent with previously cited
preclinical data and support examining the efficacy of
CRF antagonists in attenuating stress-induced cocaine
craving and HPA responses to improve addiction relapse
outcomes. Furthermore, o-2-adrenergic agonists that
inhibit norepinephrine centrally have shown promise in
the treatment of attention-deficit/hyperactivity disorder
[82], in reducing opiate withdrawal symptoms [83], and in
reducing nicotine craving [84]. Most recently, our group
has shown that lofexidine, an «-2-adrenergic agonist,
significantly decreased stress-induced opiate craving and
stress-induced anger ratings while also improving opiate
relapse outcomes in a small study of naltrexone-treated,
opiate-dependent individuals [85ee]. The efficacy of these
and other agents that target noradrenergic dysregulation
and their role in stress-induced drug craving and relapse
susceptibility need further testing in human studies.
Behavioral treatments that target decreased stress regu-
lation and attenuation of stress-related cocaine craving
also could have potential relevance in addressing relapse
susceptibility. Of note, mindfulness-based treatments that
have been shown to decrease depression relapse [86] now
are being tested in decreasing stress and relapse suscepti-
bility in addiction [87,88]. Finally, laboratory models of
stress-induced drug craving such as those described in the
previous sections could be effective in screening pharma-
cologic agents or testing behavioral strategies to attenuate
stress-induced drug craving and related arousal.
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Conclusions

Whereas clinical observations and behavioral interventions
have focused on stress as a key aspect of addiction relapse,
recent neurobiological evidence indicates an important
role of brain stress pathways in addiction relapse. Human
laboratory and clinical studies have shown that increasing
levels of behavioral distress contributes to compulsive lev-
els of drug seeking (craving) and relapse risk in abstinent,
addicted individuals in early recovery. These changes are
accompanied by high physiologic arousal, dysregulated
HPA responses, and a persistent distress and craving
state that is slow to return to baseline. Preclinical data
have identified CRF antagonists and noradrenergic agents
as potential therapeutic targets. Human laboratory stud-
ies to test such stress-related therapeutic targets as viable
treatments for relapse prevention also have been initiated.
This line of research has the potential for development of
novel pharmacologic treatments to specifically reduce the
high rates of addiction relapse.
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