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Chronic alcohol abuse is associated with changes in stress and reward pathways that could alter vulnerability to emotional stress and

alcohol craving. This study examines whether chronic alcohol abuse is associated with altered stress and alcohol craving responses.

Treatment-engaged, 28-day abstinent alcohol-dependent individuals (ADs; 6F/22M), and social drinkers (SDs; 10F/18M) were exposed

to a brief guided imagery of a personalized stressful, alcohol-related and neutral-relaxing situation, one imagery condition per session,

presented in random order across 3 days. Alcohol craving, anxiety and emotion ratings, behavioral distress responses, heart rate, blood

pressure, and salivary cortisol measures were assessed. Alcohol patients showed significantly elevated basal heart rate and salivary cortisol

levels. Stress and alcohol cue exposure each produced a significantly enhanced and persistent craving state in alcohol patients that was

marked by increased anxiety, negative emotion, systolic blood pressure responses, and, in the case of alcohol cue, behavioral distress

responses, as compared to SDs. Blunted stress-induced cortisol responses were observed in the AD compared to the SD group. These

data are the first to document that stress and cue exposure induce a persistent negative emotion-related alcohol craving state in

abstinent alcoholics accompanied by dysregulated HPA and physiological arousal responses. As laboratory models of stress and negative

mood-induced alcohol craving are predictive of relapse outcomes, one implication of the current data is that treatments targeting

decreases in stress and alcohol cue-induced craving and regulation of stress responses could be of benefit in improving alcohol relapse

outcomes.
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INTRODUCTION

Chronic alcohol abuse is associated with alterations in stress
systems, namely the corticotrophin releasing factor (CRF),
hypothalamic-pituitary adrenal (HPA) axis and autonomic
arousal pathways, and also the mesolimbic dopamine
pathways involved in the rewarding properties of drugs,
including alcohol (Koob et al, 2004; Sinha, 2005). Altera-
tions in HPA axis responses have been observed during
active drinking, acute withdrawal, and 4 weeks post-
withdrawal from alcohol (Wand and Dobs, 1991; Adinoff
et al, 1991, 2005; Koob et al, 2004). Furthermore, autonomic
dysregulation has been noted during acute alcohol with-
drawal, and altered cardiovascular and noradrenergic
responsivity has been seen during the protracted alcohol

abstinence period (Krystal et al, 1996; Bernardy et al, 2003;
Rasmussen et al, 2006).
These alcohol-related adaptations in the stress, reward,

and autonomic arousal systems raise the question of
whether such alterations are accompanied by an enhanced
sensitivity to emotional stress and alcohol craving, which
could promote persistent alcohol craving associated with
compulsive alcohol seeking. Preclinical studies indicate that
specific stress-induced anxiety-like behaviors as well as
alcohol cues are associated with increased alcohol self-
administration, and CRF antagonists and noradrenergic
agents that decrease brain CRF and reduce norepinephrine,
respectively, also decrease stress-induced alcohol reinstate-
ment (Le et al, 1998; Le et al, 1999; Matsuzawa et al, 1998; Le
et al, 2000; Liu and Weiss, 2002). In humans, stress and
negative affect are known to increase alcohol and drug
craving and relapse susceptibility (Brown et al, 1990;
Cooney et al, 1997; Breese et al, 2005; Sinha et al, 2006,
Brady et al, 2006; Sinha, 2007). Koob and colleagues
proposed that chronic alcohol and withdrawal-related
neuroadaptation produces a negative affect state represent-
ing a shift from positive to negative reinforcement
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mechanisms in addiction (Koob, 2003; Koob et al, 2004).
We have further hypothesized that such neuroadaptations
contribute to an increased sensitivity to stress and drug
craving, which in turn enhances the risk of relapse (Sinha,
2001a; Breese et al, 2005), but these hypotheses have not
been fully tested in alcohol samples, thus far.
It is well-known that alcohol cue exposure increases

alcohol craving (Cooney et al, 1987; Laberg and Ellertsen,
1987; Monti et al, 1987; Payne et al, 1992; Rohsenow et al,
1992) with a greater craving response in alcoholics
compared to social drinkers (SDs) (Pomerleau et al, 1983;
Grusser et al, 2006). However, the hedonic state associated
with such increases in alcohol cue-induced craving has not
been previously assessed. If, indeed, there is a shift from
positive to negative reinforcement in the motivational
aspects of alcohol seeking, as suggested by preclinical
studies (Koob et al, 2004), one would hypothesize that in
alcoholics, alcohol cue exposure would increase negative
emotions and such increases would be associated with
alcohol craving. Conversely, in SDs one may expect minimal
changes in negative emotion with cue exposure and no
negative emotion-related increases in alcohol craving. As
stress and negative affect also increase alcohol craving and
relapse susceptibility in alcoholics (Cooney et al, 1997; Fox
et al, 2007; Breese et al, 2005; Brady et al, 2006), it may be
hypothesized that the distress state associated with stress-
induced alcohol craving is similar to that associated with
alcohol cue-induced craving in alcoholics and not in SDs.
Finally, as dysregulation of stress and reward pathways are
associated with chronic alcohol abuse, we expected that the
stress and cue-induced changes in hedonic state and craving
in alcoholics would be accompanied by dysregulation of
behavioral distress and physiological responses not ob-
served in SDs. Although we have previously shown that
both stress and drug cue exposure similarly increase craving
and produces a negative emotional state in addicted
individuals (Sinha et al, 2000; Sinha et al, 2003; Fox et al,
2007), whether these changes are indicative of a dysregula-
tion in stress system function compared with SDs has not
previously been examined. Thus, the current study tested
the above hypotheses in a treatment-engaged group of 28-
day abstinent alcoholics who were compared to a demo-
graphically matched group of light to moderate SDs.

METHODS

Subjects

Twenty-eight treatment-seeking individuals (22M/6W) who
met DSM-IV criteria for current alcohol dependence were
admitted to the Clinical Neuroscience Research Unit
(CNRU) of the Connecticut Mental Health Center (CMHC)
for 4–6 weeks of inpatient treatment and research
participation. Twenty-eight demographically matched SDs
(18M/10W) between the ages of 21–50 years were also
recruited from the community through local advertisements
with documented multiple negative urine toxicology screens
on admission into the study. The SD group reported
drinking up to 25 drinks or less per month and was
classified into light to moderate SD categories using the
quantity frequency variability index (Cahalan et al, 1969).
They were excluded, if they met current or lifetime abuse or

dependence criteria for alcohol or any other illicit drug.
Alcoholic participants did not meet current DSM-IV criteria
for dependence on other psychoactive substances, other
than nicotine and were also excluded, if they met current
criteria for any other DSM-IV axis I psychiatric disorder.
Women were excluded from the study, if they were using
any form of birth control or were either peri/postmeno-
pausal. In addition, individuals on medications for medical
or psychiatric problems were excluded from the study. All
subjects underwent a complete medical evaluation to ensure
good physical health and the study was approved by the
Human Investigation Committee of the Yale University
School of Medicine.

Procedures

Alcohol patients were admitted to the CNRU, a locked
inpatient treatment research facility with no access to
alcohol or drugs and limited access to visitors. Urine and
breathalyzer testing was also conducted regularly to ensure
continued abstinence. The CNRU is a smoke-free unit and
patients are allowed four smoke breaks of 15min each and
are escorted out to a smoking area where they smoke about
1–2 cigarettes. All patients participated in specialized
substance abuse treatment for 4 weeks before the laboratory
sessions. During the second week of admission, all patients
completed demographic, diagnostic, and alcohol-related
assessments. Healthy SDs completed demographic, diag-
nostic, and alcohol-related assessments in two to three
assessment appointments and were then admitted for a
3-day hospital stay to the Yale General Clinical Research
Center (GCRC) at Yale-New Haven Hospital for participa-
tion in the laboratory study. During this period, they were
required to stay on the unit, within a similar controlled
environment as that of the alcohol patients.
The laboratory study for alcohol patients was conducted

28 days after admission to the inpatient unit to allow for
normalization of neurobiological changes associated with
alcohol withdrawal and adaptation to reduced access to
nicotine smoking. The SD group had been abstinent from
alcohol use on an average of 55 days (SE¼ 28) before the
laboratory sessions. The laboratory sessions involved all
participants being exposed to three imagery conditions
(stress, alcohol cue, and neutral/relaxing). The conditions
were presented across three separate consecutive testing
days with only one stimulus presentation per day. Condi-
tion order was assigned randomly and counterbalanced
across participants by group. This procedure accounts for
any nonspecific effects of order on the response measures.
Research staff conducting the experiments and handling
data were blind to imagery condition and the content of the
scripts assigned to each laboratory session. Subjects also
remained blind until imagery presentation.

Imagery script development procedures. Before the labora-
tory sessions, guided imagery scripts for stress, alcohol cue
and neutral relaxing states were developed. The stress
imagery script was based on subjects’ description of a
recent personal stressful event that was experienced as
‘most stressful’. Most stressful was determined by having
the subjects rate their individual level of distress on a
10-point Likert scale where ‘1¼ not at all stressful’ and
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‘10¼ the most stress they felt recently in their life’. Only
situations rated as eight or above were accepted as
appropriate for script development. Examples include a
breakup with a significant other or unemployment-related
stress. Trauma-related situations and those with explicit
alcohol cues were not allowed. The alcohol cue’s script was
based on individual situations that included alcohol-related
stimuli and resulted in subsequent alcohol use (eg, buying
alcohol and being at a bar, watching others drink alcohol).
Alcohol-related situations that occurred in the context of
negative affect or psychological distress were not allowed. A
neutral script was developed from the participants’
individual experiences of commonly experienced neutral-
relaxing situations, such as a summer day relaxing at the
beach or a fall day reading at the park.
Details of each elicited situation was described using the

scene construction questionnaire, based on methods devel-
oped by Lang et al (1980, 1983) and further adapted in our
previous studies (Sinha and O’Malley, 1999a; Sinha et al,
1999b, 2000; Sinha, 2001a; Sinha et al, 2003). Scripts were
developed using a standardized format, based on specific
stimulus and response details of each situation and then
audiotaped for presentation in the laboratory sessions.

Habituation and imagery training session. On a day
before the laboratory sessions subjects were brought into
the testing room where they were acclimatized to specific
aspects of the study procedures, such as the subjective
rating forms and then trained in relaxation and imagery
procedures (Sinha et al, 2003; Sinha, 2001b).

Laboratory sessions. On each day, subjects abstained from
breakfast and were brought into the testing room at 0800
hours by the research nurse. All subjects were allowed an
initial smoke break at 0730 hours to address potential
nicotine craving. A blood pressure cuff was placed on the
subject’s preferred arm to monitor blood pressure and a
pulse sensor was placed on the subject’s forefinger to obtain
a measure of pulse. This was followed by a 1-h adaptation
period. At 0900 hours, subjects were provided headphones
and the audiotape presented the instructions for the
imagery procedure and the script for guided imagery. The
length of each script was approximately 5min. After
imagery, subjects remained in the testing room for an
additional 75min to examine recovery from the imagery
exposure. If participants’ anxiety remained above baseline
levels following the final time point, they were taken
through another series of relaxation procedures until their
ratings returned to baseline levels. After the last assessment
at 1030 hours, the subject was disconnected from the
apparatus and was served breakfast.

Laboratory assessments. Subjective Measures: Alcohol
craving and Anxiety were assessed using a 10-point visual
analog scale (VAS) in which 1 was anchored at ‘not at all’
and 10 at ‘extremely high’. Subjects rated their ‘desire for an
alcoholic drink’ and how ‘anxious, tense and/or jittery’ they
felt in that moment.
Differential emotion scale (DES -Izard, 1972): Participants

were required to rate on a 5-point scale the extent to which
30 emotional words described the way s/he felt at the

current time. The ratings were summed and collapsed into
two subscales: negative (anger, fear, and sadness) and
positive emotion (joy and relaxation).
All subjective rating scales were administered at baseline

(�5), immediately following imagery (0 time point) and at
+ 5, + 10, + 15, + 30, + 45 , and + 60min after imagery.
The Revised Clinical Institute Withdrawal Assessment for

Alcohol scale (CIWA-Ar; Sullivan et al, 1989). This is a
widely-used measure of alcohol withdrawal symptoms and
has shown excellent inter-rater reliability and good validity,
correlating with physicians’ ratings of withdrawal behaviors
(Shaw et al, 1981). The scale was used to assess alcohol
withdrawal in alcohol dependent (AD) patients on day 1 of
their admission to inpatient treatment.
Behavioral Distress Responses: Behavioral observation

scale (BOS): Two independent raters, blind to imagery
condition, rated participants’ responses on muscle twitch-
ing, muscle tremor, restlessness, muscle tension, muscle
ache, headache, quickened breathing, yawning, talking/
facial movements, crying, sweating, and stomach/abdom-
inal changes by direct observation and questioning of
participants. Both raters stood behind a partition to
discreetly observe the aspects of participants’ behavior.
Presence of these behaviors was then checked off on an
itemized sheet of behavioral responses. The rater then asked
participants a series of structured questions regarding
bodily arousal responses. Inter-rater reliabilities for the
presence of these behaviors were excellent (for stress
condition, K¼ 0.88; for neutral/relaxing, K¼ 0.83; for
alcohol cue, K¼ 0.88). The total rating score was used as
the measure of behavioral and bodily response. BOS ratings
were taken at baseline (�5), immediately following imagery
exposure (0) and at + 10min after imagery.
Cardiovascular Measures: A Critikon Dinamap monitor

was used to assess multiple measures of heart rate (HR) and
systolic and diastolic blood pressure (SBP and DBP)
averaged to obtain mean responses for the baseline (four
readings during the 5-min preimagery baseline period)
during the imagery period (four readings averaged for the
0 time point) and single readings at + 5, + 10, + 15, + 30,
+ 45, and + 60min time points postimagery.
Salivary Cortisol: At the baseline (�5), imagery (0) and

for five additional recovery time points (every 15min: + 15,
+ 30, + 45, + 60,and + 75), participants placed a cotton roll
between their tongue and cheek for approximately 2–3min
until the swab was completely saturated (Salivette, Sarstedt
Inc.). Saliva samples were stored in a �20 freezer and
assayed in duplicate following standard radioimmunoassay
kits with no modifications (Diagnostic Products Corpora-
tion, CA) at the Yale GCRC Core Laboratories. The intra-
assay coefficients of variation ranged from 3.0 to 5.1%.

Statistical analysis. Linear mixed effect (LME; Laird and
Ware, 1982) models were implemented to analyze the data,
using the SAS software package (Version 9, 2006; SAS
Institute, Cary, NC). Between-subjects factor of group 2
(SD vs AD) and Within-subjects factors of Condition 3
(stress, alcohol cue, and neutral) and Time-point (varying
levels) were the fixed effects, and subjects was the random
effect. In the case of baseline differences for any particular
measure, the LME models included the baseline values as a
covariate and baseline adjusted mean scores were presented
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in figures. Spearman’s Rho correlation coefficients were
used to assess the associations between stress and cue-
induced alcohol craving, the composite negative and
positive emotion subscales of the DES, the BOS, and
physiological responses in both AD and SD groups. An
averaged response across time points was computed for
each measure to assess correlations.

RESULTS

Participants

The AD and the SD groups were matched for gender, race,
age, and years of education. There were no differences
between groups on lifetime prevalence of major depression,
but alcohol patients had a higher lifetime prevalence of
anxiety disorders and they were more likely to be smokers
as compared to the SD group (Table 1).

Baseline Differences

Alcohol patients showed significantly higher basal HR
(1, 51¼ 8.3; po0.006) and salivary cortisol (1, 54¼ 4.8;
p¼ 0.03) compared with SDs (see Figure 1a and b). No other
dependent measures were different at baseline between
groups. Post hoc analyses indicated that the basal HR was

significantly correlated with higher withdrawal ratings
observed on day 1 of admission (r¼ 0.47; p¼ 0.02) as
measured by the Revised Clinical Institute Withdrawal
Assessment for Alcohol (R-CIWA, 40). Basal salivary
cortisol levels were not significantly associated with the
R-CIWA.

Response Findings

Condition main effect. A significant effect of condition was
seen for alcohol craving (2, 108¼ 47.07 po0.0001), anxiety
(2, 108¼ 86.65 po0.0001), negative emotion (2, 108¼
100.67; po0.0001), positive emotion (2, 108¼ 94.26;
po0.0001), SBP (2, 108¼ 3.5; p¼ 0.03), salivary cortisol
(2, 97¼ 6.05; po0.003), and behavioral distress responses
(2, 108¼ 43.7; po0.0001).
Significantly greater alcohol craving, anxiety, and nega-

tive emotion ratings were observed in the stress and the
alcohol cue compared with the neutral condition (stress:
po0.0001, in all cases; alcohol cue: craving: po0.0001;

Table 1 Demographics and sample characteristics of alcohol
dependent (AD) and social drinkers (SDs)

Alcoholic patients
(AD) (n¼ 28)

Social drinkers
(SD) (n¼28)

Demographics

Gender: male; number (%) 22 (78.6%) 18 (64.3%)

Race: Caucasian; number (%) 20 (71.4%) 13 (46.4%)

African American 6 (21.4%) 8 (28.6%)

Hispanic 1 (3.6%) 6 (21.4%)

Other 1 (3.6%) 1 (3.6%)

Age: mean (SD) 36.96 (7.7) 34.57 (10.6)

Years in education:
mean (SD)

13.25 (1.6) 13.85 (1.6)

Before alcohol use: mean (SD)

Number of days used in the
last 30 days**

21.78 (10.2) 4.83 (6.6)

Number of drinks per day** 15.90 (6.9) 1.67 (0.8)

Number of drinks
per month**

358.44 (247.6) 8.30 (7.4)

Years of alcohol use** 16.93 (7.7) 9.72 (10.0)

Number of smokers** 25 (82%) 7 (25%)

Prevalence of psychiatric disorders: No. (%)

Lifetime depression 5 (17.9%) 2 (7.1%)

Lifetime PTSD 3 (10.7%) 2 (7.1)

Lifetime anxiety disorders
(without PTSD)*

5 (17.9%) 0 (0%)

Note: *po0.05; **po0.001.
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Figure 1 Differences between alcohol dependent (AD) patients and
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(b) baseline salivary cortisol levels (mg 100ml; po.03). Note that the levels
represent average baseline and SE across the three laboratory sessions.
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anxiety: po0.0001; negative emotion: po0.003). Signifi-
cantly greater anxiety (po0.0001) and negative emotion was
reported in the stress compared with the cue condition
(po0.0001), but greater alcohol craving was reported in the
alcohol cue compared with the stress condition (po0.02).
Participants reported significantly greater positive emotion
in the neutral compared with the stress condition, the
neutral compared with the alcohol cue condition, and in the
alcohol cue compared with the stress condition (po0.0001
in all cases).
Significantly higher behavioral distress responses were

recorded in the stress (po0.0001) and alcohol cue
(p¼ 0.002) compared with the neutral condition and
in the stress condition compared with the alcohol
cue (po0.0001, see Figure 2c). Significantly higher beha-
vioral distress responses and SBP were also observed in
the stress compared with the alcohol cue condition (BOS:
po0.0001; SBP: p¼ 0.01). Salivary cortisol response
was significantly higher in the cue condition compared
with both the neutral (p¼ 0.001) and the stress (po0.01)
conditions.

Group main effect. A main effect of group was observed in
alcohol craving (1, 54¼ 8.4; p¼ 0.005) and anxiety (1,
54¼ 7.02; p¼ 0.01) responses, with the AD group showing
higher responses compared to the SD group (po.01) (see
Figure 2a and b).

Interaction effects (group X condition). Significant group
X condition interactions were observed in alcohol craving
(2, 108¼ 20.1; po0.0001), anxiety (2, 108¼ 5.86; po0.004),
negative emotion (2, 108¼ 12.21; po0.0001), behavioral
distress responses (2, 108¼ 4.5; p¼ 0.01), HR (2,108¼ 5.63,
po0.005), and salivary cortisol (2,97¼ 11.7, po0.0001).
Significantly increased alcohol craving and anxiety

were observed in the AD vs the SD following both stress
(alcohol craving: p¼ 0.008; anxiety: p¼ 0.02), and alcohol
cue (alcohol craving: po0.0001; anxiety: p¼ 0.0007) expo-
sure. Although the AD group had higher anxiety ratings in
the neutral condition, this difference was not statistically
significant (po0.08). The AD patients also reported
significantly higher negative emotion compared with the
SDs following exposure to alcohol cue (p¼ 0.04) and
demonstrated an alcohol cue-related increase in negative
emotion (C4N, po0.0001), not observed in the SDs. While
both groups reported increased alcohol cue-induced craving
(alcohol patients, po0.0001; controls, po0.02), only AD
patients reported significantly increased alcohol craving in
the stress compared with the neutral condition (po0.0001;
see Figure 2a–d).
Both the AD and the SD group showed significantly

higher behavioral distress responses in the stress vs the
neutral condition (p o0.0001; no differences between
groups) and in the stress vs the cue condition (AD:
po0.01; SD: po0.0001), but significantly higher behavioral
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distress responses to cues were only seen in the AD group
(C4N, po0.0001; see Figure 2c). After accounting for
baseline differences, HR responses were significantly
increased in the AD group for the cue condition as
compared to the neutral (po0.04) and the stress (po0.03)
condition, but in the SD group average HR was higher in the
stress compared to the cue condition (po0.03). For salivary
cortisol, SDs were higher than ADs in the stress condition
(po0.004) and within each group, AD subjects showed
higher responses in the cue compared to stress (po0.0001)
and neutral (po0.0001) conditions, while the SD groups
showed higher responses in stress vs neutral (po0.06)
condition only (Figure 3a and b).

Persistent Elevation of Craving, Anxiety and Blood
Pressure Following Stress and Cue Exposure

A significant group X condition X time-point interaction
was observed in alcohol craving (14, 754¼ 2.6; p¼ 0.001),

resulting from higher levels of alcohol craving
at the imagery (stress: po0.0001; cue: po0.0001), the
initial recovery (stress: p¼ 0.0003; cue: p¼ 0.0009),
the second recovery (stress: p¼ 0.005; cue: p¼ 0.01), and
the third recovery (stress: po0.05; cue: p¼ 0.03) time
points in the AD vs the SD groups in the stress and the
alcohol cue, but not the neutral, conditions.
Significant group X time point interactions were found

for anxiety (7, 378¼ 2.1; p¼ 0.04), negative emotion
(7, 387¼ 3.15; p¼ 0.003), SBP (8, 432¼ 2.0; po0.05), and
behavioral distress scores (2, 108¼ 3.8; po0.03). Increased
anxiety in the AD vs SD groups was evident at the imagery
( + 0; po0.0001) and all recovery time points ( + 5; p¼ 0.01;
+ 10; po0.05; + 15; po0.05; + 30; p¼ 0.02; + 45; p¼ 0.03;
+ 60; p¼ 0.01) for the stress and cue conditions only.
Similarly, in AD patients, ratings of negative emotion
remained increased compared with baseline at the initial
(po0.0001), second (p¼ 0.0009), and third (p¼ 0.01)
recovery time points. In SD, increased rating were only
observed at the first imagery time point (po0.02). A
significant group X Time point interaction for SBP
indicated that the AD patients’ blood pressure remained
significantly elevated compared with their baseline until the
final recovery time point in both the stress ( + 10: po0.003;
+ 15: p¼ 0.02; + 30: p¼ 0.005; + 60: po0.009) and cue
( + 15: p¼ 0.05; + 30: p¼ 0.0002; + 45: po0.0001; + 60:
p¼ 0.002) imagery conditions. In the SDs, no significant
elevations relative to baseline were observed in the cue
condition and increases were only seen at the first ( + 5:
p¼ 0.03) and second ( + 10: p¼ 0.006) recovery time point
in the stress condition (see Figure 2e). Higher behavioral
distress scores were observed at the imagery time point only
for the AD vs SD groups.

Correlational Analyses

In AD patients. Significant correlations were obtained
between stress-induced alcohol craving and anxiety (r¼
0.49; po0.009) and negative emotion (r¼ 0.38; po0.05),
and for cue-induced alcohol craving with anxiety (r¼ 0.53;
po0.0004) and negative emotion (r¼ 0.52; po0.005).

In SD group. Significant correlations were obtained
between cue-induced alcohol craving and anxiety
(r¼ 0.48; p¼ 0.01), and HR (r¼ 0.43, p¼ 0.02).

Secondary Analyses

As the AD group had higher basal cortisol levels, we
examined whether higher basal levels were associated with
the blunted cortisol response observed in the stress
condition. Significant negative association between basal
cortisol levels and peak cortisol response (differences from
baseline) following stress exposure was observed indicating
that increased basal levels of cortisol were associated with a
decrease in peak cortisol following exposure to the stress
imagery condition (r¼�0.61; po0.001). To account for the
potential influence of higher lifetime prevalence of anxiety
disorders in the AD vs SD groups, we reanalyzed the data
for all dependent measures excluding the five individuals
with a history of anxiety disorders, and findings remained
unchanged. To assess whether the above findings in the AD
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patients were due to smoking status of the subjects, we also
reanalyzed the data using smoking status as a covariate in
the baseline data and in the LME models, and the
significance levels of the analyses presented in the previous
section remained unchanged.

DISCUSSION

The current findings demonstrate an increased sensitivity to
emotional distress and alcohol craving with exposure to
stress and to alcohol cues in treatment engaged AD
individuals as compared to SDs. Stress exposure produced
significant increases in alcohol craving in alcohol patients
but not in controls, and stress-induced alcohol craving was
significantly associated with increased anxiety and negative
emotion in the alcohol patients. Alcohol cue exposure also
resulted in increased negative emotion that was associated
with cue-induced alcohol craving in alcoholics. Although, as
expected, the SD group showed an increased stress response
in the stress condition, they had minimal increases in
stress-induced alcohol craving. Furthermore, in alcoholics
only, stress-induced and cue-induced alcohol craving,
anxiety, negative emotion, and blood pressure responses
remained significantly elevated over multiple assessments
during the recovery period, indicating a persistence of
distress and alcohol craving in the context of stress and cue
exposure. Altogether, the findings support our hypothesis
that stress and cue exposure increases negative emotions
and anxiety more so in alcoholics than controls. Moreover,
these increases in negative emotion and anxiety were
positively associated with sustained increases in alcohol
craving only in alcoholics.
Greater severity of alcohol abuse is associated with higher

levels of distress and craving (Fox et al, 2005; Grusser et al,
2006, 2007; Yoon et al, 2006; Rosenberg and Mazzola, 2007).
Preclinical studies and human positron emission tomogra-
phy (PET) studies indicate chronic alcohol-related changes
in mesolimbic dopamine transmission. Furthermore, these
changes in dopaminergic transmission are associated with
alcohol craving in alcoholics and compulsive alcohol
seeking in animal models of alcohol dependence (Koob
et al, 2004; Koob and Kreek, 2007; Heinz et al, 2004, 2005;
Martinez et al, 2005). This previous research is consistent
with the current findings indicating that only alcoholics and
not SDs show enhanced and persistent context-dependent
craving. Although there is less evidence that alterations in
mesolimbic dopamine transmission may enhance sensitivity
to emotional distress, stress and glucocorticoid modulation
of mesolimbic dopamine has been demonstrated (Oswald
et al, 2005; Wand et al, 2007), and chronic alcohol abuse-
associated CRF changes in limbic and dopaminergic regions
such as the amygdala, nucleus accumbens, and the ventral
tegmental area has been reported (Koob et al, 2004; Koob
and Kreek, 2007).
While the above-mentioned literature supports the notion

that chronic alcohol abuse-related changes may underlie the
enhanced sensitivity to stress, negative emotions, and
associated alcohol craving found in this study, it could also
be argued that greater stress and cue-induced negative
emotion and alcohol craving is due to factors that predate
alcoholism. While the AD group was compared to a

demographic and intellectually matched SD group, and
other factors such as lifetime history of anxiety and
smoking status did not appear to contribute to the findings,
there is evidence of genetic and individual difference
variables contributing to greater stress sensitivity and to
the risk of alcohol dependence (Hariri et al, 2002; Goldman
et al, 2005; Measelle et al, 2006). On the other hand, there is
little evidence in the literature that in the absence of regular
and chronic alcohol use, higher distress is associated with
greater alcohol craving, especially in both stress and cue-
related contexts. Thus, future studies would benefit from
examining interactions of vulnerability factors with severity
of alcohol abuse to assess their combined effects on alcohol
craving and relapse risk.
Alcohol patients also demonstrated significantly higher

basal HR compared with SDs. Increased basal HR was
associated with higher acute alcohol withdrawal symptoms
on day 1 after admission. Furthermore, unlike in the SD
group, where higher HRs were associated with cue-induced
alcohol craving as previously reported in the literature
(Carter and Tiffany, 1999), the AD group showed increased
HR in the cue condition but no association between
increased HR and craving levels. Elevated cardiac output,
increased HR, and decreased HR variability have been
reported during acute alcohol withdrawal and during
alcohol abstinence up to 4 weeks (Rechlin et al, 1996;
Ingjaldsson et al, 2003; Bar et al, 2006; Thayer et al, 2006;
Kahkonen and Bondarenko, 2000). Consistent with these
human data, recent preclinical findings in nonhuman
primates also indicate that chronic use of moderate levels
of alcohol significantly increased HR, decreased HR
variability, and altered HR responses to stress of a novel
environment (Shively et al, 2007). This previous work along
with the current findings indicate that chronic alcohol
abuse and alcohol withdrawal are associated with over-
activity of the sympathetic nervous system and decreased
parasympathetic cardiac modulation, which could contri-
bute to altered stress and cue-induced arousal during
challenge conditions.
Higher basal levels of cortisol and a blunted response to

stress were observed in the AD compared to the SD group.
Blunted stress-related cortisol response in abstinent alco-
holics has been previously documented (Errico et al, 1993;
Bernardy et al, 1996; Lovallo et al, 2000; Junghanns et al,
2003; Adinoff et al, 2005), with lower responses in those
who relapsed vs those who did not (Adinoff et al, 2005;
Junghanns et al, 2005). Current findings are consistent with
these data and extend them by documenting a significant
negative correlation between high basal levels and lower
stress-related cortisol responses. Heavy alcoholic drinking
(Adinoff et al, 2003; Beresford et al, 2006), acute withdrawal
(Kutscher et al, 2002), and recent withdrawal (Costa et al,
1996; Adinoff et al, 1991; Keedwell et al, 2001) have been
associated with elevated basal cortisol levels, possibly
related to increased CRH release (Holsboer et al, 1987).
Increased basal cortisol levels are consistent with an
overactive CRH–HPA system associated with chronic
alcohol abuse and acute and protracted withdrawal (Becker,
1999; Koob et al, 2004; Breese et al, 2005; Menzaghi et al,
1994; Koob et al, 1998; Funk et al, 2006). In this study,
elevated salivary cortisol levels even after 28 days of
abstinence suggests continued dysregulation of CRF–HPA
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function, as has been reported with other chronic distress
states, and with habitual smoking (Bhagwagar et al, 2003;
Steptoe and Ussher, 2006; Li et al, 2007). An inability to
mount an adequate stress response may also reflect altered
HPA axis function, which could, in turn, contribute to the
enhanced emotional distress and craving state seen in this
study, and support the notion of a weakened ability to
effectively cope with stress during protracted abstinence
(Adinoff et al, 2005).
On the other hand, we found the enhanced salivary

cortisol response to alcohol cues relative to neutral imagery
in the AD group, indicating a differential HPA response in
an alcohol-related context. Alcohol-related cues are more
salient and arousing to alcoholics than controls, and our
data also indicate that such cues increase negative emotions
and anxiety in alcoholics. Somewhat different neurobio-
logical pathways have been associated with stress and cue-
induced drug seeking in animal models of reinstatement
(Shaham et al, 2003; Weiss, 2005), and drugs such as alcohol
and psychostimulants are known to activate the HPA axis
(King et al, 2006). Drug-induced cortisol increases are
associated with mesolimbic dopaminergic transmission and
drug-related euphoria ratings in humans (Oswald et al,
2005), suggesting a role for cortisol in appetitive drug-
related states. Although it is unclear whether cue-related
cortisol increases in this study are related to drug-like
effects or the associated anxiety and distress-related state,
or both, the findings suggest the need to further investigate
the role of cue-related increases in cortisol in drinking and
alcohol seeking in future studies.
Significant correlations between alcohol craving and

negative emotions were found in alcoholics, and HR and
craving in the SD group, but significant associations across
behavioral, subjective, and physiological response domains
were not observed. Lack of significant association between
these domains is not uncommon (Baum et al, 1982; Sinha
et al, 2003; Back et al, 2005) and may be related to the fact
that stress and cue-related subjective, physiological, and
behavioral responses represent semi-independent response
domains specific to different aspects of stress adaptation
(Sinha et al, 2003). While subjective measures may be
related to the cognitive component of adaptation, cardio-
vascular or autonomic and HPA markers may be more
related to the mobilization of energy sources and physio-
logical and behavioral adaptation associated with stress.
Finally, several study limitations are noteworthy. While

stress scenarios were individually calibrated on experience
of distress between alcoholic patients and social controls,
the alcohol cue exposure scenarios were elicited primarily
on the basis of enhanced desire for alcohol and subsequent
alcohol use. Thus, alcohol cues may encompass largely
positive situations in SDs, while representing more negative
situations in alcohol patients. Nonetheless, alcohol patients
showed comparable levels of enhanced stress and craving
sensitivity in response to both stress and to alcohol cue
exposure. It is also important to note that the findings are
based on a predominantly male sample, due to the limited
number of alcoholic females. As prior studies in alcohol
(Brady et al, 2006), cocaine, and healthy samples (Horrocks
et al, 1990; Fox et al, 2008) have shown gender differences
in stress and cue-related responses, future research that exa-
mines gender differences in these responses is warranted.

Similarly, while secondary analyses were conducted to
account for group differences in smoking status and lifetime
prevalence of anxiety disorders, future studies may also
benefit from testing the effects of these factors a priori as
part of the experimental design. Without prospective
premorbid data, it is also difficult to ascertain for certain
whether the changes in basal stress arousal markers and
stress responses are solely due to neuroadaptations
associated with chronic alcohol abuse.
Despite these caveats, findings from this study provide

the first evidence of an enhanced and persistent subjective
and behavioral distress state associated with alcohol craving
in the context of stress and alcohol cue exposure in chronic
alcoholics when compared to a well-matched sample of SDs.
These findings could have significant treatment implica-
tions. Careful assessment of the increased and persistent
stress and alcohol craving sensitivity in the clinical context
would be useful in identifying individuals susceptible to
relapse. Furthermore, as supported by previous preclinical
research (Le et al, 1999; Matsuzawa et al, 1998; Le et al,
2000; Liu and Weiss, 2002), the current findings suggest the
need to further develop pharmacological therapies such as
CRF antagonists and noradrenergic agents to specifically
target the regulation of distress and distress-related alcohol
craving during protracted abstinence to improve alcohol
relapse outcomes.
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