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Abstract

Rationale—Alcohol addiction is a chronic relapsing disorder that presents a substantial public
health problem, and is frequently comorbid with posttraumatic stress disorder (PTSD). Craving for
alcohol is a predictor of relapse to alcohol use, and is triggered by cues associated with alcohol
and trauma. Identification of reliable and valid laboratory methods for craving induction is an
important objective for alcoholism and PTSD research.

Objectives—The present study compares two methods for induction of craving via stress and
alcohol cues in individuals with comorbid alcohol dependence (AD) and PTSD: the combined
Trier Social Stress Test and cue reactivity paradigm (Trier/CR), and a guided imagery (Scripts)
paradigm. Outcomes include self-reported measures of craving, stress, and anxiety as well as
endocrine measures.

Methods—Subjects were 52 individuals diagnosed with comorbid AD and PTSD seeking
treatment at the NIAAA inpatient research facility. They participated in a four week inpatient
study of the efficacy of a NK1 antagonist to treat comorbid AD and PTSD, and which included the
two challenge procedures.

Results—Both the Trier/CR and Scripts induced craving for alcohol, as well as elevated levels of
subjective distress and anxiety. The Trier/CR yielded significant increases in ACTH and cortisol,
while the Scripts did not.
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Conclusions—Both paradigms are effective laboratory means of inducing craving for alcohol.
Further research is warranted to better understand the mechanisms behind craving induced by
stress vs. alcohol cues, as well as to understand the impact of comorbid PTSD and AD on craving.
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Introduction

Alcohol is one of the leading contributors to global disease burden, and a major preventable
risk factor for mortality and disability (Rehm et al. 2009). Given the relapsingremitting
nature of alcohol dependence (AD), identifying relapse triggers is essential for designing
effective interventions. Craving for alcohol predicts relapse (Gillespie et al. 2009; Lovallo
2006; Santa Ana et al. 2006), and both alcohol cues and stress represent potent triggers for
craving and subsequent relapse in alcohol dependent individuals (Adinoff et al. 2005;
Cooney et al. 1997; Higley et al. 2011; Sinha et al. 2009; Sinha et al. 2011). Thus, craving
represents a useful surrogate marker for evaluating the efficacy of candidate treatments.
Understanding whether different triggers for craving probe different underlying mechanisms
is important for treating a disease as heterogeneous as AD. Moreover, although laboratory
methodologies related to alcohol research are well-characterized (Plebani et al. 2012), there
are few studies comparing these paradigms. The current study addresses this gap by
comparing two methods using both stress and alcohol cues to induce craving, making an
important contribution to our understanding of the mechanisms underlying craving for
alcohol.

The present inquiry compares two paradigms on behavioral and physiological markers of
craving, stress, and anxiety in a sample of individuals with comorbid AD and post-traumatic
stress disorder (PTSD). PTSD is an anxiety disorder that is commonly comorbid with
alcohol use disorders. Data from the National Comorbidity Survey indicate that among
women with a lifetime history of alcohol dependence, 26% also have a lifetime history of
PTSD, as do 10% of men with a lifetime history of alcohol dependence (Kessler et al. 1997).
The parent study was a double-blind placebo controlled study evaluating the efficacy of an
NKZ1 antagonist to reduce craving for alcohol (NCT00896038). All subjects were treatment-
seeking alcoholics enrolled in a four-week inpatient experimental medicine study for
treating comorbid AD and PTSD at the National Institutes of Health (NIH) Clinical Center
in Bethesda, MD. The results found no drug effect on craving (manuscript in preparation);
thus, we collapsed the groups and included the full sample in our analyses. The parent study
included neuroimaging and PTSD symptom data in addition to those presented here. The
current study aims to contribute to a growing body of literature on comorbid AD and PTSD,
which may result in a more severe presentation of clinical symptoms than either disorder
alone, and therefore would benefit from added research. The benefits of comparing the
methodologies are twofold: first, improved understanding of the physiological and
behavioral correlates of craving by means of induction (stress vs. cue), and second, the
ability to design interventions specific to those means of induction. As there are limited
published data on either methodology in a comorbid sample, the present study draws on
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literature from alcohol dependent samples, and extends these to individuals with comorbid
AD and PTSD.

The first method we evaluated was a combined Trier Social Stress Test (Kirschbaum et al.
1993) and cue reactivity (Monti et al. 1987) paradigm (Trier/CR). Both the Trier and the cue
reactivity methods have been shown to independently affect craving. Compared with a no-
stress condition, exposure to the arithmetic component of the Trier increased both placebo
and alcohol consumption in social drinkers (de Wit et al. 2003), while exposure to the full
Trier led to an increase in the sedative effects of alcohol in healthy volunteers (Soderpalm
and de Wit 2002). The one study using the Trier in a sample with comorbid AD and PTSD
found no difference in cortisol or ACTH response following the Trier between healthy
controls and individuals with one or both diagnoses (McRae et al. 2006). Studies using the
CR paradigm have found differences between alcoholics and non-alcoholics in the response
to alcohol cues, such that alcoholics show greater physiological and subjective responses to
alcohol than do non-alcoholics (Monti et al. 1987). Moreover, this increased reactivity has
been associated with subsequent drinking outcomes, at least among males (Rohsenow et al.
1994). We used a combined Trier/CR, which has been shown effective in detecting increases
in stress and craving (George et al. 2008) and alcohol consumed (Thomas et al. 2011a),
although others have found no significant effect on craving using this methodology (Thomas
et al. 2011b).

The second method in our evaluation was a guided imagery script paradigm (Scripts), which
has been shown to induce both robust behavioral and physiological reactions associated with
stress in alcohol dependent individuals (Sinha 2009). The paradigm includes stress, cue
(associated with drug of choice), and neutral auditory scripts, to partition out contributions
to craving induced by stress vs. cues. Sinha and colleagues (2009) showed that abstinent
alcoholics had greater craving for alcohol, subjective distress, negative emotionality, and
blood pressure compared to social drinkers in response to both stress and cue scripts,
although their cortisol and heart-rate responses were relatively blunted. Additional studies
have also demonstrated increases in craving and stress in response to the stress and cue
scripts among treatment-seeking alcoholics (Fox et al. 2007; Sinha et al. 2011). Relatedly,
Higley and colleagues (2011) demonstrated that high stress-induced craving following stress
scripts was associated with shorter time to relapse, fewer percent days abstinent, higher
average drinks, blunted salivary cortisol response to stress, and lower rates of abstinence in
alcohol dependent outpatients.

Of further relevance to the present inquiry, Sinha and colleagues (2011) found that higher
adrenal sensitivity was a predictor of shorter time to relapse in alcohol dependent subjects.
These outcomes are consistent with a recent preclinical study, which showed that blockade
of glucocorticoid receptors using mifepristone blocked development of compulsive alcohol
self-administration in rats with a history of dependence (Vendruscolo et al. 2012), and a
preliminary human laboratory study, which showed that mifepristone suppressed alcohol
craving and relapse (Mason 2012). Given these findings, and those of Higley et al. (2011),
and the documented links between craving and relapse, we hypothesized that ACTH and
cortisol responses would negatively correlate with craving for alcohol as induced by both the
Trier/CR and scripts.
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Materials and Methods

Subjects

Subjects were recruited through advertisements in local media. Following a telephone
screening, subjects were admitted to the National Institute on Alcohol Abuse and
Alcoholism (NIAAA) inpatient unit under an omnibus treatment and research protocol,
which gathers a variety of data on subjects for screening purposes, and provides various
treatment modalities. Upon admission, subjects underwent medically-managed
detoxification if necessary, after which they were screened for inclusion into the current
protocol. Subjects were required to be between the ages of 21 and 50, diagnosed with AD
and PTSD according to the Structured Clinical Interview for DSM-1V (SCID) (First et al.
1995) and be in good physical health. Once subjects were no longer in withdrawal, i.e., had
zero breath alcohol concentration and no need for benzodiazepines to attenuate withdrawal
symptoms, they underwent screening procedures to determine eligibility for participating in
the protocol. These included a history and physical examination, laboratory blood tests, and
the SCID. Individuals were excluded if they presented with complicated medical problems,
such as advanced liver disease, were unable to participate in all study procedures, or were
unable to provide informed consent. Subjects determined eligible for study underwent a
capacity assessment to determine their ability to provide informed consent by independent
evaluators from the NIH Department of Bioethics, following which they read and signed
informed consent documents, which were approved by the NIH institutional review board.
All experiments were carried out in accordance with the declaration of Helsinki. Individuals
in the current study were recruited between January 2010 and January 2012. A flowchart of
study procedures for Days 1 -19 of the study appears in Figure 1

Trier/CR Procedures

The combined Trier/CR included both a stress component and a cue presentation. The
stressor comprises a social evaluative portion (public speaking to a panel of strangers) and a
performance task (serial subtraction). At 3:00pm, subjects were told that they would soon be
interviewing for their “dream job,” and were given 10 minutes alone with a pen and paper to
prepare a five minute speech. When the time period was up, three confederates, instructed to
be non-reactive, entered the room, and the participant was asked to begin the speech. After
the five minute speech, the participant was instructed to being the serial subtraction task.
Following that task, which also lasts five minutes, the confederates left the testing room, and
blood samples and rating scales were obtained.

At 3:20pm, the cue reactivity procedure began. The participant was told that s/he would be
asked to sniff two beverages, the first being water. They were instructed to hold a glass of
water under their nose and to sniff it for three minutes; they were then given three minutes to
relax. Following this rest period, subjects were presented with a glass and a small bottle or
can containing their alcoholic beverage of choice, which they had specified at the beginning
of the study. They were instructed to pour the beverage into the empty glass until two-thirds
full and then hold the glass under their nose to sniff the beverage, but not drink it, for three
minutes. Once this task was complete, blood samples and rating scales were obtained at pre-
determined intervals over a 70 min period. The participant was observed by clinical staff via
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a one-way mirror while completing the CR task to ensure the participant did not drink from
the glass.

Script Procedures

The script procedures comprised script construction interviews, writing, and presentation.
Rajita Sinha’s group at Yale trained all script interviewers; this group also edited all scripts
to ensure fidelity. During the first week of the study, subjects underwent script development
interviews over two days. As subjects in the current study had PTSD, the stress scripts
created referenced traumatic events; stress scripts with non-PTSD subjects are limited to
stressful content occurring within a year of script construction, and are typically not
traumatic (e.g., conflict in a romantic relationship, work-related disagreements, etc.). The
stress script interview was conducted on the first day, and the cue and neutral scripts on the
second day. No alcohol content was permitted in the stress and neutral scripts, and the cue
and neutral scripts were free of stressful content. Many subjects had experienced multiple
traumatic events; they were asked to describe the most traumatic event they could recall in
detail. Guided imagery narratives were created from the interviews, and the final product
recorded to a digital voice recorder by a male staff member with limited contact to subjects.

Scripts were presented in randomized, counterbalanced order on three consecutive days in
the final week of the study. The scripts, which lasted approximately five minutes, were
presented via headphones attached to digital voice recorders. The rooms in which scripts
were presented were set up to afford subjects relative privacy by means of a curtain. Thus,
although study personnel, including a nurse and research assistant, were present in the room
during script presentation, they were not in view of the participant at that time. Study
personnel participating in the script sessions did not know the order in which scripts were
presented, and subjects did not know in advance prior to hearing the scripts which one they
would hear on a given day. Following collection of baseline blood samples and rating scales,
scripts were presented at 3pm, followed by serial blood samples and rating scales obtained
over a 90-min period.

Assessments

Stress Procedures—Stress response was measured using subjective and objective
measures. The Subjective Units of Distress Scale (SUDS), a visual analog scale measuring
from one to 100 that assesses current subjective distress, and the Spielberger State Trait
Anxiety Inventory (state version, STAI-S) (Spielberger et al. 1970) were used to assess self-
reported stress levels. Craving for alcohol was measured using the Alcohol Urge
Questionnaire (AUQ) (Bohn et al. 1995). The AUQ is a reliable, valid instrument for
assessing the subjective craving experience. Objective measures of stress response included
serum levels of ACTH and cortisol. Behavioral measures, including assessments of craving,
stress, and anxiety, were collected at five time points for the Trier/CR (=15, +20, +40, +70,
+100 minutes) and at nine time points for the Scripts (-15, +5, +15, +30, +45, +60, +75, +90
minutes). Craving was also assessed at a +23 time point during the Trier/CR procedure,
immediately following presentation of the water, and just prior to presentation of the alcohol
cue, to allow for comparison of craving induced by water vs. alcohol. Endocrine measures
were collected at nine time points for the Trier/CR (=15, -5, +20, +40, +50, +60, +70, +85,
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+100 minutes) and at 11 time points for the Scripts, (=15, -5, +5, +10, +15, +30, +45, +60,
+75, +90 minutes). For both the Trier/CR and the Scripts, the 0 time point represents the
initiation of the procedure, i.e., when the Trier began or when the script presentation was
initiated. (See Figure 2 for a graphical representation of these time points and their
relationship to study procedures.)

Blood for cortisol was collected in a 3cc serum separator tube (Vacuette Z serum separator
clot activator #454067) at room temperature; blood for ACTH was collected in a 3cc EDTA
tube (K, EDTA 5.4mg #367856). EDTA tubes were pre-chilled on wet ice and immediately
returned to wet ice after collection. After procedures were completed, samples were sent to
the NIH Department of Laboratory Medicine (CLIA ID Number 21D0665373) for
immediate assay. Tests for serum cortisol were run using the IMMULITE 2000 Systems
Analyzers with PIL2K/CO-20 kit, a solid-phase, competitive chemiluminescent enzyme
immunoassay. The assay sensitivity was 0.20 pg/dL, with a published intraassay coefficient
of variation (CV) average of 6.0% and interassay CV of 7.8%.mm. Tests for ACTH in
EDTA plasma were run using the IMMULITE 2000 Systems Analyzers with PIL2KAC-15
kit, a solid-phase, two-site sequential chemiluminescent immunoassay. The assay sensitivity
was 5 pg/mL, with a published intraassay CV average of 7.7% and interassay CV of 8.5%.
(See figure S1 for cross-reactivity data for cortisol and ACTH).

Additional Measures—Subjects were also administered the Alcohol Dependence Scale
(ADS) (Skinner and Horn 1984) to assess alcohol dependence severity and the Addiction
Severity Index (ASI) (McLellan et al. 1992) to determine the overall impact of alcohol use.
Additional scales administered included the PTSD Symptom Severity Index (PSSI) (Foa et
al. 1993), a measure of PTSD symptom severity, the Timeline Follow-Back (TLFB) (Sobell
and Sobell 1992), which assesses drinking patterns over a given time period, the NEO
Personality Inventory Revised (NEO) (Costa and McRae 2002), which assesses five
domains of personality (neuroticism, openness, conscientiousness, agreeableness, and
extraversion), and the Childhood Trauma Questionnaire (CTQ) (Bernstein et al. 1994),
which measures exposure to abusive and neglectful experiences prior to age 18.

Schedule of Procedures

The Trier/CR was carried out on approximately day 20 of the study, and the three script
sessions (stress, cue, and neutral) on days 25 through 27. The Trier and CR were carried out
as a combined procedure to mirror procedures from a previous study conducted by our
group (George et al., 2008), and were part of the original study design. Script procedures
were carried out over multiple days in accordance with the schedule established by Rajita
Sinha’s group; carrying out the scripts at the same time of day over multiple days was done
to minimize circadian differences in cortisol. At approximately 1:00pm on the day of
challenge sessions, an in-dwelling catheter was placed, typically in the non-dominant arm,
for purposes of obtaining blood samples to measure stress-related hormones. There was a 60
minute relaxation period before both challenge procedures, beginning at approximately
1:45pm. All procedures began at 2:45pm with baseline blood draws and rating scales; the
challenge procedure began at 3pm (i.e., 0 time point) for both the Trier/CR and the Scripts.
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Statistical Analysis

Results

Subjects

Statistical analyses addressed the following objectives: (1) to determine the effects of each
procedure on craving, stress, and anxiety as a function of time, and (2) to compare the
relative magnitude of response for craving, stress, and anxiety between the procedures. Data
were analyzed using mixed-effect modeling and the PROC MIXED procedure in SAS
version 9.3 (SAS Institute, Cary, NC). For the first set of analyses looking at response as a
function of time, time point was included as the within-subjects factor, with the addition of
script condition (stress, alcohol, and neutral) as a within-subjects factor for the analysis of
responses to the scripting procedures. For the second set of analyses looking at the
magnitude of response, peak change from baseline values were calculated for each subject
under each procedure and were analyzed together in a single model with challenge
procedure (Trier/CR, neutral script, alcohol script, and stress script) as the within-subjects
factor. The level of statistical significance was set at p < .05 for all tests, and all post hoc
comparisons were conducted using Tukey’s Honestly Significant Difference (HSD) test.
Potential covariates were selected on the basis of prior literature and medical knowledge of
study investigators, and were evaluated for inclusion on a model-by-model basis. Candidates
included gender, treatment, race, age, ADS score, PTSD symptom severity from the PSSI,
number of heavy drinking days from the TLFB, total score from the CTQ, neuroticism score
from the NEO, and total score from the ASI. Further, all models included treatment status as
a covariate, to control for any treatment-related effects. Model-specific covariates are noted
in the relevant figure legends.

Demographics, recent drinking histories, and psychological characteristics appear in Table
1. The mean age of study subjects was 40 years (SD = 8.09, range 21 to 51), and 43% were
Caucasian. Subjects drank an average of 15 drinks per day in the 90 days preceding study
enrollment; alcohol dependence severity (as measured by the ADS) was in the severe range
(M =21.92, SD = 7.83). Women reported greater frequency and severity of childhood
trauma than did men on the CTQ, t(50) = 2.20, p = 0.03; otherwise, there were no significant
gender differences in demographic, alcohol-related, or psychosocial characteristics.

Time Course Findings

Craving—Results indicated a significant main effect of time on alcohol craving during

both theTrier/CR, F (4,203) = 13.76, p < 0.0001, and Scripts, F (7, 294) = 4.73, p <0 .0001,
as measured by the AUQ (Figure 3). Peak craving was observed at 40 minutes during the
Trier/CR, immediately following the cue reactivity procedure, and at the 5 and 15 minute
time points during the Scripts (the two time points immediately following presentation of the
script). There was also a significant main effect of script type on craving, F (2,84) =5.17, p
= 0.008, with both the alcohol and stress scripts inducing higher levels of craving than the
neutral script. Finally, there was a significant Script x Time interaction, F (14, 579) = 2.64, p
= 0.001, such that the alcohol and stress scripts induced higher levels of craving than the
neutral script at the 5 minute time point, and the stress script induced higher levels of
craving than the neutral script at the 15 minute time point. There was no significant effect of
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treatment on craving response. Additionally, we did not find a significant correlation
between craving in response to the Trier/CR or the scripts and neuroendocrine response
(time-course findings for the latter appear below).

Stress and Anxiety—Similar patterns were found for both stress and anxiety. There was
a significant main effect of time on the SUDS during the Trier/CR: F (4, 192) = 15.86., p<
0.0001 (Figure 4). During the Trier/CR, the SUDS at the 20 and 40 minute time points was
significantly higher than at —15 and 100 minutes, p < 0.05, Tukey HSD post hoc. The
Scripts showed significant main effects of time, F (7,343) = 3.57, p = 0.001 and script type,
F (2,98) =6.97, p=0.002, and a significant script by time interaction, F (14,680) = 5.37, p
< 0.0001. The SUDS was higher following the stress script than the alcohol and neutrals
script at the 5 and 15 minute time points, p < 0.05, Tukey HSD post hoc, and higher than the
neutral script at the 30 minute time point, p < 0.05, Tukey HSD post hoc. There was no
significant effect of treatment on stress response.

There was a significant main effect of time on the STAI-S during the Trier/CR: F (4,188) =
10.73, p < 0.0001 (Figure 5). The STAI-S at the 20 min (post-Trier) and 40 minute (post-cue
reactivity) time points during the Trier/CR was significantly higher than -15, 70, and 100
minutes, p < 0.05, Tukey HSD post hoc. The Scripts showed significant main effects of
time, F (7,343) = 4.8, p < 0.0001, and script type, F (2,98) = 8.80, p=0.0003, and a
significant script by time interaction, F (14,676) = 5.94, p < 0.0001. The STAI-S was higher
following the stress script than the alcohol and neutral script at the 5 and 15 minute time
points, p < 0.05, Tukey HSD post hoc; stress was higher following the stress script
compared to the neutral script at the 30 minute time point, p < 0.05, Tukey HSD post hoc.
There was no significant effect of treatment on anxiety response.

Neuroendocrine Function—During the Trier/CR, there was a significant main effect of
time on both ACTH, F (8,360) = 4.09, p = 0.0001, and cortisol, F (8,345) = 3.32, p=0.001
(Figure 6). ACTH was significantly higher at the 20 minute time point than at all others
except the 40 minute time point, p < 0.05, Tukey HSD post hoc, and cortisol was
significantly higher at 20 minutes than at 70 and 100 minutes, p < 0.05, Tukey HSD post
hoc. The Scripts did not elicit any significant changes in the endocrine stress response, either
as a function of time or of script type. There was no significant effect of treatment on
neuroendocrine response.

Magnitude of Response Findings Compared Between Paradigms

Craving—Results indicated a significant effect of challenge type (Trier/CR, alcohol script,
stress script, and neutral script) on peak change from baseline (PC) in craving, F(3,48) =
11.10, p < 0.0001 (Figure 3). Tukey HSD post hoc tests showed that the PC following the
Trier/CR, alcohol script, and stress script were all significantly higher than the neutral script.
The stress script also induced a significantly higher PC as compared to the Trier/CR.

To further compare the magnitude of response differences between paradigms, we
calculated Cohen’s d, a commonly used measure of effect size, to assess two-way
comparisons between the paradigms. A Cohen’s d of 0.2 is considered a small effect size;
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0.5 a medium effect size; and 0.8 a large effect size. Effect sizes for all outcomes, including
craving, stress, anxiety, ACTH, and cortisol appear in Table 2.

Stress and Anxiety—There was a significant effect of challenge type on PC for both
stress, F(3,46) = 25.50, p < 0.0001, (Figure 4) and anxiety, F(3,48) = 13.25, p < 0.0001
(Figure 5). Tukey HSD post hoc tests showed that the PC following the Trier/CR and stress
script were significantly higher than following the alcohol and neutral scripts. Further, the
stress script induced significantly higher PC in stress than the Trier/CR. With respect to
anxiety, the stress script induced significantly higher PC than the alcohol and neutral script,
and than the Trier/CR. The Trier/CR induced significantly higher PC in anxiety as compared
to the neutral script.

Neuroendocrine Function—There was a significant effect of challenge type on PC from
baseline in ACTH following the Trier/CR and scripts, F(3,30) = 5.08, p = 0.006. The
Trier/CR induced significantly higher PC in ACTH than the stress script. There was no
significant effect of challenge type on PC in cortisol following the Trier/CR or scripts,
F(3,26) = 1.64, p=0.20.

Although no treatment effects were found in the above analyses, we conducted follow-up
analyses that stratified the groups into treatment and placebo, to further probe for any effects
of treatment. The majority of findings remained significant, with the exception of
neuroendocrine response to the Trier/CR in the placebo group, which became non-
significant when stratified. However, given that both the overall pattern is the same and that
the sample size for this analysis was greatly reduced due to the stratification, these
additional analyses suggest no effect of treatment on the overall findings.

Discussion

We found that both stressful and alcohol cue-related guided imagery scripts and a combined
social stress — alcohol cue procedure induced alcohol craving in recently detoxified
alcoholics with comorbid PTSD. Both the Trier/CR and the stressful script led to increased
subjective stress and anxiety. Results of endocrine measures of stress differed between the
models; the Trier/CR induced significantly elevated ACTH and cortisol in response to the
challenge, while none of the scripts induced significant increases in ACTH and/or cortisol.
Two important findings emerge from these data, which warrant further discussion: (1)
evidence for different mechanisms underlying stress- and cue-induced craving and (2)
indication that a cortisol response is not necessary for a subjective stress response. We
discuss these findings and their implications below.

Our first notable finding is the evidence for dissociable mechanisms behind stress- and cue-
induced craving. The observation that both the stress and cue scripts increased craving,
while only the former induced anxiety, suggests the presence of distinct but convergent
pathways to craving induction. Both the anxiety-related dissociation and craving-related
convergence observed in our study follow closely the organization of neurocircuitry
proposed to underlie stress- and drug cue-induced relapse on the basis of mapping in animal
studies (Kalivas and VVolkow 2005). Although functional neuroimaging studies of stress and
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cue-induced craving in humans have suggested overlapping neural circuits underlying both
these processes, the circuitry identified in this manner, i.e. the mesolimbic and mesocortical
systems (Sinha and Li 2007), have, based on preclinical literature, been postulated to map to
a “final common pathway” of relapse, downstream of the dissociable stress- and cue-
activated circuitry. Animal studies have been able to dissect this neurocircuitry in further
detail, showing that structures of the extended amygdala are specifically involved in stress-
induced reinstatement, and are upstream of this final common pathway.

Our findings were unexpected, since increased anxiety has been reported following cue
scripts, and a link between alcohol cues and negative emotions has been established in
alcoholics (Fox et al., 2007; Sinha et al., 2009; 2011). A major difference between these
studies and the present report is the PTSD comorbidity in our sample. Because our scripts
included trauma imagery, it may be useful to explore neural circuitry associated with
trauma-cue exposure in individuals with PTSD. Specifically, exposure to alcohol cues leads
to increased activation in the prefrontal cortex, anterior cingulate, nucleus accumbens, and
anterior thalamus in alcohol dependent individuals as compared with social drinkers (Myrick
et al. 2004). In contrast, a consistent pattern observed in PTSD is an exaggerated amygdala
activity in response to trauma-associated stimuli, presumably due to insufficient top-down
inhibition (Liberzon and Sripada 2008). Activation of the central amygdala is key for the
stress-specific pathway to relapse, outlined by animal mapping studies (Kalivas and Volkow
2005). It is also critical for escalation of alcohol consumption and alcohol-seeking following
a history of dependence (Heilig and Koob 2007). These observations suggest the possibility
that neural substrates of PTSD and comorbid AD overlap, consistent with the extensive
comorbidity between these disorders as shown by epidemiological data. An intersection
between underlying neural circuitry may account for the specificity of stress-induced
craving responses in this population.

A second, equally important finding of the current study is that an HPA axis activation
resulting in a cortisol response is not necessary for stress-induced craving, as evidenced by
the significant increase in craving following the stress script, absent a significant increase in
cortisol. This finding suggests that while glucocorticoids over time may drive plasticity that
promotes compulsive drinking (Vendruscolo et al. 2012), behavioral stress responses that
acutely trigger craving and relapse, such as craving or negative emotionality, do not require
glucocorticoid activity. This is in agreement with animal studies, which have demonstrated
that stress-induced reinstatement of alcohol seeking is not influenced by adrenalectomy
followed by replacement treatment with constant levels of exogenously administered
glucocorticoid (Le et al. 2000).

In contrast, a prior study in abstinent alcoholics found a significant increase in salivary
cortisol in response to the cue script as compared to the neutral and stress scripts; ACTH
was not measured in this study (Fox et al. 2007). This study also found significantly higher
anxiety in the cue script than in the neutral; thus, the endocrine response was explained as a
possible combination of appetitive desire for alcohol, anxiety, and negative affect (sadness
and fear). This rationale may also explain the time point associated with peak endocrine
response during the Trier/CR. This time point (20 minutes) comes just after the stressor, but
just prior to the CR. Given that subjects knew they would be presented with their preferred
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alcoholic beverage, this expectancy may have contributed to the increased endocrine
response during this procedure. However, we did not find support for our hypothesis
predicting correlations between craving and neuroendocrine response. Given prior findings
that blunted neuroendocrine response predicted alcohol consumption (Sinha et al., 2011) it is
also possible that this response may be specifically related to relapse, or at least suggests a
complex relationship between HPA axis response and craving, as discussed above.

The Trier/CR is a social stressor that contains an element of novelty; both are known to
activate the HPA axis. In contrast, the Scripts procedure involved guided imagery of a
familiar event. A recent study of healthy volunteers comparing responses to Trier procedures
conducted with an unsupportive audience, a supportive audience, or no audience at all found
that the presence of others, even those rated as supportive, increased cortisol, heart rate, and
blood pressure responses more than the no audience condition (Taylor et al. 2010). These
findings suggest that the social component of a stressor may be important for inducing a
neuroendocrine stress response. In this context, a recent neuroimaging study has shown
increased responses to a social stressor in alcoholics (Maurage et al. 2012). Lastly, subjects
are asked to remain standing for the 10 minute duration of the Trier/CR, while they remain
seated during the scripts. Although studies of the effects of postural changes on cortisol are
equivocal (Hennig et al. 2000; Hucklebridge et al. 2002), it is possible that this difference
contributed to our results.

The fact that our sample included individuals with comorbid AD and PTSD may be relevant
for the differential neuroendocrine results obtained in the two craving induction models.
Both disorders are robustly associated with HPA axis dysfunction. Alcohol dependence is
primarily associated with lower levels of basal cortisol and low responsiveness to a stressor
(Adinoff et al. 2005; Lovallo et al. 2000; Sinha et al. 2009). PTSD has been similarly
associated with low basal cortisol and blunted neuroendocrine response to challenge (Santa
Ana et al. 2006), although variable results have also been reported (Bremner et al. 2003;
Elzinga et al. 2003; Liberzon et al. 1999). The limited research done on HPA axis function
in individuals with comorbid PTSD and AD has yielded mixed results. Several studies
comparing individuals diagnosed with AD, PTSD, or both conditions to healthy individuals
found attenuated ACTH responses in all three patient groups compared to the control group
in response to the cold pressor task (CPT) (Brady et al. 2006), but not the Trier (McRae et
al. 2006). Because our study only evaluated subjects with comorbid AD and PTSD, we
cannot directly speak to whether the HPA axis responses we observed differ from healthy
controls, or patients with one but not both of the disorders. However, serum cortisol
measures are tightly calibrated, allowing a comparison across studies. This calibration
allows a comparison of responses in our study compared to those obtained by Brady and
colleagues. Relatedly, it is possible that our inability to detect a relationship between
neuroendocrine and craving responses may have been due to the overall low neuroendocrine
response to the stressors, i.e., there was too little variation to detect a relationship.

Our sample represents a specific subset of alcohol dependent individuals: treatment-seeking
subjects with comorbid PTSD. Thus, generalizability is somewhat limited. Additionally, this
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comorbidity may have had an impact on their reaction to both study procedures, rendering
them potentially more reactive to stressors than alcoholics with low levels of anxiety. Given
that the order in which the Trier and CR were administered during the combined procedure
was the same for all subjects, we have no way to test order effects that may have occurred.
The same is true for any order effects that may have existed between procedures; the
Trier/CR always occurred prior to the Scripts, and it is possible that this order may have had
an impact on the lack of neuroendocrine response during the Scripts. Further, the
combination of the Trier and CR makes it difficult to assess the significance of the time
point occurring in between the two, as it could be related to either effects of the stressor or
anticipation of the cue. The lack of a neutral cue during the Trier/CR limits its direct
comparability with the Scripts. The Trier/CR procedure had been used successfully by our
group (e.g., George et al., 2008) in the past, so was not altered for the current study, the
original purpose of which was to test a novel therapeutic for treatment of comorbid PTSD
and AD. Finally, although we did not see a treatment effect, it is possible that administration
of the NK1 antagonist may have impacted our findings, an outcome for which we attempted
to control by including treatment as a covariate in all analyses, with no impact on results.

Future Directions

The findings of the current study suggest several points for future research. First, the
dissociation between HPA axis activity and craving for alcohol must be explored further.
Increased knowledge of this dissociation will allow us to better understand the neurobiology
of craving, in ways potentially helpful to medications development. Second, the differences
in craving mechanisms demonstrated by the results, i.e., script-specific cravings related to
both cues and stress, and craving immediately following cue presentation but not following
the social stressor in the Trier/CR, suggest a dissociation between these mechanisms of
craving induction. Further research must also consider that stress and alcohol cues are often
correlated in real-world contexts, rendering important studies that permit assessment of their
potential interactions. Understanding these will permit targeted pharmacological and
behavioral interventions aimed at reducing craving and preventing relapse.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Placebo lead-in

Script development sessions (days 4 and 5)
Rating scales (PSSI)
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Script presentation (three consecutive days)
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Timeline of Trier/CR and scripts procedures.
S = scales, B = blood samples, V = vital signs.
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(A) Time course of the craving response during the Trier/CR (* = different from all other
time points; Tukey HSD p < 0.05). Model covariates included gender, treatment, and heavy
drinking days (n = 52). (B) Time course of the craving response during the Scripts (** =
alcohol and stress different from neutral, * = stress different from neutral; Tukey HSD p <
0.05). Model covariates included gender, treatment, race, PSSI severity score, and CTQ

score (n = 43 due to missing data for some of the covariates). (C) Comparison of peak

change from baseline craving between the Trier/CR and Scripts (* = different from neutral
script, ** = different from both neutral and alcohol script; Tukey HSD p < 0.05). Model
covariates included covariates included gender and treatment (n = 51). Error bars denote

standard error of measurement (SEM).
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Figure4.
Subjective stress response to the Trier/CR and scripts.

(A) Time course of the subjective stress response during the Trier/CR (* = different from
-15, 70, and 100 minutes; Tukey HSD p < 0.05). Model covariates included gender,
treatment, age, number of heavy drinking days, and neuroticism score (nh = 50 due to missing
data for some of the covariates). (B) Time course of the subjective stress response during the
Scripts (** = different from both alcohol and neutral, * = stress different from neutral;
Tukey HSD p < 0.05). Model covariates included gender, treatment, age, ADS score, and
neuroticism score (n = 50 due to missing data for some of the covariates). (C) Comparison
of peak change from baseline stress rating between the Trier/CR and Scripts (** = different
from both alcohol and neutral script, # = different from Trier/CR; Tukey HSD p < 0.05).
Model covariates included gender, treatment, and CTQ score (n = 50 due to missing data for
some of the stress rating rating times, such that the peak change could not be calculated for
all subjects). Error bars denote SEM.
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Anxiety response to the Trier/CR and scripts.

(A) Time course of the anxiety response during the Trier/CR (* = different from —15, 70,
and 100 minutes; Tukey HSD p < 0.05). Model covariates included gender, treatment, age,
CTQ score, and neuroticism score (n = 50 due to missing data for some of the covariates).
(B) Time course of the anxiety response during the Scripts (** = stress different from both
alcohol and neutral; Tukey HSD p < 0.05). Model covariates included gender, treatment,
age, ADS score, and neuroticism score (n = 50 due to missing data for some of the
covariates). (C) Comparison of peak change from baseline anxiety between the Trier/CR
and Scripts (** = different from both alcohol and neutral script, * = different from neutral
script, # = different from Trier/CR; Tukey HSD p < 0.05). Model covariates included
gender, treatment, and CTQ score (n = 52). Error bars denote SEM.
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Figure®6.
Neuroendocrine response to the Trier/CR and scripts.

(A) Time course of the ACTH response during the Trier/CR (* = different from -15, -5, 50,
60, 70, 85 and 100 minutes; Tukey HSD p < 0.05). Model covariates included gender,
treatment, and number of heavy drinking days (n = 48 due to missing data for ACTH). (B)
Time course of the ACTH response during the Scripts. Model covariates included gender,
treatment, age, number of heavy drinking days, and neuroticism score (n = 43 due to missing
data for ACTH and for some of the covariates). (C) Comparison of peak change from
baseline ACTH between the Trier/CR and Scripts (** = different from both neutral and
stress script; Tukey HSD p < 0.05). Model covariates included gender, treatment and age (n
= 34 due to missing data for some ACTH measurements that precluded calculation of peak
change from baseline for all subjects). (D) Time course of the cortisol response during the
Trier/CR (* = different from 70 and 100 minutes; Tukey HSD p < 0.05). Model covariates
included gender, treatment, race ADS score, and neuroticism score (n = 46 due to missing
data for some of the covariates). (E) Time course of the cortisol response during the Scripts.
Model covariates included gender, treatment race, ADS score, and total score on the ASI (n
= 43 due to missing data for some of the covariates). (F) Comparison of peak change from
baseline cortisol between the Trier/CR and Scripts. Model covariates included gender,
treatment, CTQ score, and the total score from the ASI (n = 31 due to missing data for some
of the covariates and for some cortisol measurements that precluded calculation of peak
change from baseline for all subjects). Error bars denote SEM.
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Participant demographics, drinking histories, and psychological characteristics.

Table 1

Female Male Total
(n=23) (n=29) (n=52)
Demographics
Age (M, SD) 39.35(8.51)  41.90(7.71)  40.77 (8.09)
Caucasian (percent) 43.47% 48.15% 43.40%
Years of education
(M, SD) 13.65 (2.71) 12.86 (2.60) 13.31 (2.62)
Smoker (percent) 69.57% 72.41% 71.15%
Alcohol Use
(past 90 days)
Average Drinks/
Drinking Day 13.22 (6.83) 17.14 (9.4) 15.40 (8.51)
Heavy Drinking Days  62.57 (24.65) 67.55 (23.04)  65.35 (23.66)
ADS Score 24.09 (6.55) 20.21 (8.43) 21.92 (7.83)
Psychological
Characteristics
CTQ 59.17 (19.85) 48.03 (16.65) 52.96 (18.8)
Neuroticism 62.10 (11.3) 61.31 (9.9) 61.64 (10.4)
PSSI 36.35 (6.39) 35.00 (8.7) 35.63 (7.65)
ASI Scores
Employment 0.61(.5) 0.66 (.48) 0.63 (.49)
Family 0.30 (.47) 0.14 (.35) 0.21 (.41)
Legal 0.13 (.34) 0.07 (.26) 0.10 (.3)
Medical 0.17 (.39) 0.36 (.49) 0.27 (.45)
Psych 0.50 (.51) 0.28 (.46) 0.37 (.49)
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Effect sizes (Cohen’s d) of peak change differences between outcomes.

Table 2

Outcome StressScript  CueScript  Neutral Script
AUQ

Stress Script

Cue Script 0.41

Neutral Script 0.69 0.54

Trier/CR 0.39 0.13 0.47
SUDS

Stress Script

Cue Script 0.96

Neutral Script 0.92 0.05

Trier/CR 0.40 0.41 0.45
STAI

Stress Script

Cue Script 0.53

Neutral Script 0.73 0.25

Trier/CR 0.40 0.16 0.42
ACTH

Stress Script

Cue Script 0.21

Neutral Script 0.12 0.06

Trier/CR 0.43 0.25 0.29
Cortisol

Stress Script

Cue Script 0.05

Neutral Script 0.02 0.03

Trier/CR 0.07 0.02 0.04
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