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Abstract

Rationale: Stress plays an important role in the development and maintenance of alcohol-abuse. Some of the effects of stress on alcohol-related
behaviours, however, appear to be gender-dependent.
Aim: The present study set out to examine the effects of stress on feelings of desire for alcohol, skin conductance response and alcohol
consumption in the presence of alcohol-related cues in relation to gender. Participants were heavy non-dependent alcohol drinkers.
Methods: Thirty-two (16 males) participants drinking more than 21 units of alcohol per week were randomly allocated to undergo the
experimental stress (based on the ‘Trier Social Stress’ Test) or the non-stress procedure before the alcohol cue exposure procedure, during which
participants handled and smelled their preferred drink. Mood and saliva cortisol level changes were used as indices of the stress effects, while
alcohol craving, skin conductance and alcohol consumption were the cue reactivity measures.
Results: Self ratings of anxiety and tension increased and cortisol levels remained high in the stress compared to the non-stress condition; no
gender differences were found. Stress induced gender-specific effects with regard to skin conductance response and alcohol consumption
measurements. Stressed females did not show an increase from baseline in the skin conductance response during the alcohol cue-exposure session,
which was observed in the non-stressed females; they also consumed less alcohol than males under stress.
Conclusion: Female participants respond less to alcohol-related cues when in a negative mood state. Such a finding suggests that females when in
a negative mood may be less sensitive to positive incentive processes mediating cue reactivity compared to males.
© 2006 Published by Elsevier Inc.
Keywords: Craving; Skin conductance; Negative mood; Cortisol
1. Introduction

Exposure to psychosocial stressors has been found to
increase alcohol consumption in social drinkers and alcoholics
(Miller et al., 1974). In addition, the hypothalamo-pituitary-
adrenocortical (HPA) axis has been suggested to play a crucial
role in stress-induced drug-related behaviours and disruption in
the HPA reactivity to stress appears to constitute vulnerability to
drug-related behaviours (Sinha et al., 2003). More generally,
stress is considered to be an important factor in the initiation,
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maintenance and relapse to alcohol abuse (Brady and Sonne,
1999; Brown et al., 1990; Marlatt, 1979; Wolffgramm and
Heyne, 1991; Pohorecky, 1991).

In view of the higher prevalence of alcoholism in men
compared to women, (Dawson and Archer, 1992) it is
interesting to note that the relationship between stressful events
and alcohol drinking was found to be stronger in male than in
female drinkers (Cooper et al., 1992; Pohorecky, 1991). Could
these observations be the result of a lower response to stress in
females compared to males? The aim of the present study was to
examine gender differences in the effects of stress on mood,
HPA activation as measured by salivary cortisol secretion and
alcohol-related behaviours in a cue reactivity paradigm.

It has been suggested that stress activates the brain reward
circuits thus increasing their sensitivity to the reinforcing
properties of drugs and, consequently, increasing motivation to
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use drugs (Piazza and Le Moal, 1997, 1998). Animal studies
have indeed shown that stress activates drug-related behaviours
via stimulation of the mesolimbic dopamine (incentive) system
by glucocorticoids (Piazza and Le Moal, 1997, 1998). For
instance, administration of corticosterone was found to
facilitate, while reduction in corticosterone levels decreased,
alcohol consumption in rats (relative to water consumption;
Fahlke et al., 1994a, 1995, 1994b). Consistent with this
suggestion, craving for alcohol has been shown to increase
following stress (Sinha and O'Malley, 1999). Similarly,
alcohol-dependent patients with post-traumatic stress disorder
(PTSD) reported increased craving for alcohol following
exposure to personalized trauma imagery (Coffey et al., 2002).

Drug-related cues have also been suggested to activate the
incentive system (Stewart et al., 1984). The present study set out
to examine the effects of stress on alcohol-cue reactivity in order
to evaluate further the hypothesis that stress activates the
incentive system. A cue reactivity paradigm was included that
involves exposure to a cue or a set of cues (e.g. sight and smell
of a favourite drink) and measurements of subjective,
physiological and behavioural responses were taken (Drum-
mond, 2000).

Alcohol cue-exposure has fairly consistently been found to
increase craving in non-dependent (Walitzer and Sher, 1990;
Schulze and Jones, 1999, 2000) as well as in dependent
drinkers (Saladin et al., 2002; Cooney et al., 1997; Davidson et
al., 2003; Jansma et al., 2000; Rubonis et al., 1994; Coffey et
al., 2002). Physiological cue reactivity has also been well
documented. Exposure to alcohol olfactory stimulus has been
found to increase salivation (Rubonis et al., 1994; Saladin et
al., 2002) and skin conductance (Kaplan et al., 1985; Stormark
et al., 1995) in alcoholics compared to non-dependent drinkers.
Social drinkers exposed to experimentally conditioned alcohol
cues also showed increased skin conductance (Field and Duka,
2002).

Facilitatory effects of stress on cue reactivity as measured by
cue-induced reinstatement of alcohol seeking have been
demonstrated in rats (Liu and Weiss, 2002). However, very
few studies have examined the effects of stress on cue-reactivity
in humans and the data are equivocal, probably due to using
different type of stressors or different populations. In one study,
employing alcoholics undergoing treatment, negative mood
induction was found to augment the effects of alcohol cue
exposure on subjective craving (Cooney et al., 1997). In non-
dependent social drinkers, negative mood induction prior to
exposure to gustatory alcohol stimulus (consumption of half a
pint of low-alcohol beer) was also found to increase craving for
alcohol (Willner et al., 1998). This effect of stress, however, was
observed only in male participants while in females stress
reduced liking of alcohol (Willner et al., 1998) suggesting that
effects of stress on incentive value of alcohol are gender-
dependent. In contrast, Coffey et al. (2002) did not find
augmentation of alcohol and cocaine cue-induced craving by
stressful imagery in alcohol- and cocaine-dependent PTSD
patients, respectively, although both stress and drug cue alone
were effective in inducing craving. Similarly, Jansma et al.
(2000) did not find any effects of distressed mood on subjective
and cardiovascular alcohol cue reactivity in alcoholic patients.
Regarding alcohol consumption measurements, while negative
mood induction in combination with alcohol gustatory cue
exposure was found to enhance the incentive value of alcohol in
heavy social drinkers (increased operant responding for alcohol
reinforcement; Willner et al., 1998), de Wit et al. (2003)
reported non-specific increase in alcohol as well as placebo
consumption following stress and a priming dose of alcohol.
However, the participants in the latter study were not heavy
social drinkers. With the exception of Willner et al. (1998)
gender effects were not reported in the above-mentioned
studies. Thus the present study set out to examine the effects
of stress and alcohol-related cues on all three aspects of cue
reactivity (craving, physiological responses and consumption)
in heavy social drinkers with respect to gender.

Whereas a decreased responsiveness of HPA axis to stress
has been observed in abstinent alcoholics (Adinoff et al., 2005),
a hyper-HPA responsiveness can increase vulnerability to drug-
related behaviours (Sinha et al., 2003). There is evidence for a
gender difference in HPA responsiveness to stress with females
being less responsive (Kirschbaum et al., 1999, 1992). Thus in
the present study we examined changes in cortisol levels in
response to stress also with regard to gender.

Psychosocial stressors have been found to increase alcohol
consumption in social drinkers (Higgins and Marlatt, 1975;
Pelham et al., 1997; de Wit et al., 2003). Thus the present study
employed stress-induction method based on the Trier Social
Stress Test (TSST; Kirschbaum et al., 1993), a method that has
been found to reliably produce a physiological response in
volunteers (cortisol, heart rate, ACTH; Kirschbaum et al., 1993,
1995).

The effectiveness of cue-exposure to induce craving and
physiological reactivity depends on the type of alcohol stimuli
used, with greater reactivity observed in response to favourite
alcohol beverages (Staiger and White, 1991). Thus participants
in the present study were presented with their favourite type of
drink (beer, white wine, red wine or vodka and orange juice) in
order to improve the ecological validity of the experimental
manipulation. The effects of stress on alcohol-related beha-
viours were not tested immediately but approximately 1 h after
the stress manipulation. In a naturalistic situation, individuals
often experience stress in situations where drinking cues are not
present (e.g. work environment), and it is subsequently that they
may become exposed to such cues (at home or in the bar). In
order to be as closely as possible to the naturalistic situation
participants were exposed to alcohol-related cues not immedi-
ately after stress but with some delay.

2. Materials and methods

2.1. Participants

Thirty-two heavy social drinkers (16 male, 16 female) aged
18–31 (mean=21.84, SE=0.56) consuming on average 27.5–
90.3 alcohol units per week (mean=41.92, SE=2.27) took part
in this experiment. Participants were recruited via Experimental
Psychology participant pool and were mostly students at the
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University of Sussex. Participants were only permitted to take
part in this study if they were between 18 and 40 years of age
and if they consumed 21 or more alcohol units per week (the
maximum recommended weekly alcohol intake for men;
Department of Health; Health, 1992), as reported in the Alcohol
Use Questionnaire (Mehrabian and Russell, 1978), which was
included in the general recruitment questionnaire.

Participants were generally in good health verified by a
medical interview taken by a qualified person and their weights
were within 15% of the normal weight limit for their heights.
Participants were instructed to avoid high fat containing meals
for 24 h prior to the testing session and to have a light dinner on
the evening before the testing session and, if they attended the
later testing slot (12:30 pm) to have a light breakfast but not
later than 10 am. Participants were also asked to refrain from
drinking alcohol for 12 h, taking sleeping pills and other
sedatives for 48 h and taking illicit drugs for at least 5 days
before the testing session.

All participants gave their informed consent before taking
part in this study. The study was approved by the University of
Sussex Ethics Review Committee for the use of human in
compliance with the Declaration of Helsinki for human
participants. Participants received payment for taking part in
the experiment.

2.2. Experimental design

Participants were tested individually in a between-subjects
design, fully balanced for gender and time of day (testing
session starting at 10:00 am vs. 12:35 pm). Participants were
randomly allocated to the experimental condition (stress vs.
non-stress) whilst all participants underwent the cue-exposure
procedure.

2.3. Stress-induction

Initially participants were informed via standardised written
instructions about the requirements of the procedure (2 min).
Participants were required to prepare (8 min) and deliver a 5-
min speech as part of a fictional job interview. Participants were
informed that their presentation would be recorded and that it
would later be analysed by three independent observers for right
or wrong (for the interview) non-verbal behaviour. The speech
outline written during the speech preparation period was not
available to participants during the speech delivery. The
participants had to perform the speech standing up in front of
the experimenter (who was taking notes as they were speaking)
and were instructed to look at themselves on the TV screen in
order to be able to assess their performance afterwards. If the
participants finished their speech in less than 5 min the
experimenter waited for 15 s before prompting them to continue
and if the participants stopped again before the 5 min were up,
there was a pause of 20 s after which the experimenter asked
standardised questions until the end of the 5-min period.
Participants were then asked to write down what they thought
was the best and the worst aspect in their performance (2 min).
After this, participants were instructed to perform a mental
arithmetic task (serially subtracting number 7 from 1013 whilst
keeping continuous eye contact with the experimenter) for 5
further minutes. On every mistake participants were asked to
start counting again from 1013. Whenever necessary during the
task performance, the participants were reminded to keep eye
contact or to count faster.

In the control (non-stress) condition participants were
initially given standardised written information about the
procedure (2 min). Participants were first asked to spend
some time (8 min) looking through an art history book (Art
Through the Ages by de la Croix et al., 1991). Afterwards, they
were allowed 6 min to assess 10 paintings from different art
periods by marking their liking of each painting on a visual
analogue scale (‘not at all’–‘very much’). Following this, the
participants were given a booklet of 20 dot-to-dot pictures and
asked to complete as many of them as they wanted during the 6-
min period. Thus the total duration of the non-stress procedure
was the same as the duration of the stress-induction.

2.4. Alcohol drinks

During the recruitment phase prior to the experiment,
participants were able to choose which alcoholic drink they
would like to consume in the experimental session (beer, red or
white wine or vodka and orange). The drinks were matched as
closely as possible for alcohol content (9% in beer, 12% in
wine, 37.5% in vodka) and quantity, so that each participant
received a total of 3 alcohol units divided into six 60-ml cups
(252ml white or red Chilean wine, ASDA; 330ml beer
Carlsberg Special Brew; or 300ml vodka and orange juice
mix containing 81ml of 37.5% v/v vodka). During the cue-
exposure phase, participants were asked to take one of the cups
and hold it for 30s and then to smell the drink for another 30s.
Following the cue exposure, participants were instructed to
drink as much as they wanted.

2.5. Subjective ratings

2.5.1. Alcohol Use Questionnaire
Alcohol Use Questionnaire (AUQ; Mehrabian and Russell,

1978) is a self-report questionnaire, which establishes the
average weekly alcohol intake over a 6-month period and with
information about patterns of drinking provides the AUQ score.

2.5.2. Mood questionnaires
Changes in moodweremeasured using POMS (McNair et al.,

1971) and KUSTA (Binz and Wendt, 1990; Wendt et al., 1985).
POMS is a list of 72mood-related adjectives,which are rated on a
5-point scale, ranging from “not at all” [0] to “extremely” [4] and
are grouped into 8 factors (anxiety, depression, anger, vigour,
fatigue, confusion, friendliness and elation). KUSTA consists of
three 17-point bipolar scales that measure mood, activity and
tension/relaxation and three 17-point scales ranging from ‘not at
all’ [1] to ‘extremely strong’ [17] thatmeasure happiness, anxiety
and anger). POMSandKUSTAratingswere taken at baseline and
immediately after stress. KUSTA ratings were in addition taken
shortly before the cue exposure procedure.
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2.5.3. Desire for Alcohol Questionnaire
Desire for Alcohol Questionnaire (DAQ; Love et al., 1998) is

a 14-item questionnaire which measures four different aspects
of craving for alcohol: mild desire, strong desire and intention to
drink, negative reinforcement and loss of control over alcohol
use. Participants are required to rate how much each statement
applies to them at that particular moment on a Likert-type 7-
point scale, ranging from ‘strongly disagree’ [1] to ‘strongly
agree’ [7]. DAQ was administered immediately after the main
stress/non-stress manipulation and immediately after the
alcohol cue exposure phase.

2.6. Physiological measurements

2.6.1. Salivary cortisol
Saliva samples were collected using the salivettes (Sarstedt).

Participants were instructed to place the cotton swab in their
mouth and chew on it gently for 2 min. The participants then
replaced the swab into the salivette, which was sealed and
stored in a freezer at −20°C until analysis. Saliva samples were
taken shortly before and approximately 50 min after the end of
the stress/non-stress procedure (some minutes before the cue
reactivity procedure). From previous pilot studies it was
established that the peak of changes in cortisol levels following
the stress procedure was 30 min. Our measurements of stress
effects on alcohol-related behaviours in the present study were
made-for the reasons explained in the introduction—1 h and 15
min following the start of the stress procedure. Thus the cortisol
levels measurements were taken also at the same time following
the stress procedure. Saliva samples were analysed using
DELFIA assays (Wood et al., 1997).

2.6.2. Blood Alcohol Levels (BAL)
Participants were breathalysed using Lion Alcolmeter. The

measurements were taken at the beginning of experimental
session and 5 min after the end of alcohol consumption phase.
Additional measurements were taken, if necessary, at 20-min
intervals after the end of the test session, until BAL were equal
to or below 0.4%.

2.6.3. Skin conductance
Skin conductance measurements were taken over a period of

approximately 190 s using an Electronic Development skin
conductance instrument, which consisted of two electrodes
interfaced to a PC for data processing. The circuit generates a
constant current of 10 μA, which passes through the skin via 2
silver electrodes. The voltage between these 2 electrodes is
measured and the resistance of the skin can then be determined
by: Resistance=Voltage/Current. Electrodes were attached with
surgical tape to distal phalanxes of second and fourth fingers of
the non-dominant hand. Measurements were recorded at 1-s
intervals. Measurements from the last 90 s were broken down
into three 30-s time bins and an average value was calculated for
each time bin. The three time bins corresponded to pre-cue
reactivity period (baseline bin), period of handling the drink
(take the drink bin), and period of smelling the drink (smell the
drink bin).
2.7. Alcohol consumption measurements

Participants were video recorded during the alcohol
consumption phase and the dependent measures were latency
to the first sip, and cumulative alcohol intake in “drinking units”
over the fifteen 1-min time bins. “Drinking units” (number of
cups) per minute were calculated by dividing the total number
of cups consumed during the whole session by the total number
of sips per session to provide the part of the cup equivalent to
one sip; subsequently, the number of sips that participants took
in each 1-minute bin was multiplied by this average size of sip.

2.8. Procedure

Each participant reported to the human psychopharmacology
laboratory either at 10:00 am or 12:30 pm. Upon the arrival
participants' BAL were tested and their height and weight were
measured. Participants were then given a light brunch and the
experimental procedure started approximately 45 min after
participants' arrival to the laboratory.

2.8.1. Stress procedure
Participants were taken to the experimental cubicle where

they completed POMS and KUSTA questionnaires and
provided saliva sample (baseline measurements). Participants
then underwent either the stress or the non-stress procedure,
after which they completed again the POMS, KUSTA and DAQ
questionnaires (post-stress measurements). Participants were
then occupied by performing simple cognitive tasks, which
have not been evaluated. Subsequently participants provided a
saliva sample in the salivette and completed the KUSTA
questionnaire again (post-stress/pre-cue-exposure measure-
ments). Participants were then fitted with electrodes for the
measurement of skin conductance for the cue reactivity session.

2.8.2. Cue exposure
Participants were presented with a tray with alcoholic drinks

and underwent the alcohol cue-exposure procedure during
which skin conductance measurements were taken [time bin
1=baseline, 2= take the drink, 3=smell the drink]. Participants
were then asked to complete the DAQ (cue-exposure measure-
ment). Subsequently (approximately 1 h and 15 min from the
beginning of the stress-induction), participants were allowed to
freely consume alcohol for 15 min. Five minutes later BAL
were measured and participants were debriefed and paid for
their participation. Participants were allowed to leave the
laboratory only after their BAL have had dropped below 0.4%.

2.9. Statistical analyses

A series of independent t-tests were performed in order to
explore potential differences in characteristics of participants
between the two experimental conditions (stress vs. non-stress),
and between gender.

All the analyses were done with gender and time of day
(morning vs. afternoon testing slot) as between-subject factors
in addition to the experimental condition. If no interaction



Table 1
Group characteristics (mean, SEM) of participants in the non-stress and stress
groups, separately for males and females

Non-stress Stress

Male Female Male Female

Age 22.38 (1.51) 20.88 (0.48) 21.88 (0.95) 22.25 (1.36)
Body Mass Index
(BMI; kg/m2)

22.50 (0.99) 21.72 (0.52) 22.97 (0.82) 22.57 (0.58)

Alcohol intake
(units/week)

44.91 (3.59) 40.01 (3.56) 40.71 (3.57) 42.06 (7.14)

Alcohol intake/
weight (units
consumed in
a week/kg)

0.62 (0.07) 0.69 (0.07) 0.59 (0.05) 0.66 (0.11)

AUQ-score 52.91 (6.46) 63.81 (10.64) 53.64 (6.48) 69.11 (23.52)
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involving gender or time of day was found the data were
reanalysed with the non-significant factor (gender and/or time
of day) omitted.

Repeated measures ANOVAs were used for mood variables
as measured by POMS and KUSTA with condition (stress vs.
non-stress) being the between-subject factor and the time point
[baseline vs. post-stress] being the within-subject factor.
Additional repeated measures ANOVAs were performed on
KUSTA factors with time point [baseline vs. post-stress/pre-
cue-exposure] as within-subject factor and condition (stress vs.
non-stress) as between-subject factor.

Univariate ANOVAs were performed for cortisol change
from baseline (post-stress/pre-cue-exposure levels expressed as
percentage of baseline) with condition (stress/non-stress) as the
between-subject factor. Cortisol levels at baseline were also
analysed using an independent sample t-test for any differences
between condition or gender.

The four DAQ factors were analysed separately using
repeated measures ANOVAs with time (post-stress vs. post-cue
exposure measurement) as within- and condition as between-
subject factors.

Repeated measures ANOVAs were also performed for the
skin conductance measurement with time (baseline, take the
drink and smell the drink time bin) as within- and condition as
between-subject factors.

Variables related to alcohol consumption (latency, total
number of cups consumed) were evaluated using univariate
ANOVAs (condition as the between-subject factor), except for
the cumulative alcohol consumption data (fifteen 1-min time
bins), which were analysed using a MANOVA (condition,
gender and time of day as the between-subject factors). Since
there were no significant differences between conditions with
respect to the type of drink participants chose to consume during
the experiment (Pearson's chi-squared not significant), this
variable was not included as a factor in subsequent analyses.

In addition, a microstructural analysis of alcohol consump-
tion was performed as it is thought to provide more insight into
basic processes that generate consumption (after Kissileff et al.,
1982). A quadratic function y=a+bx+ cx2 was fitted to
cumulative intake data, where ‘y’ represents intake, ‘x’
represents time, ‘b’ is a linear coefficient and represents the
initial rate of consumption, ‘c’ is a quadratic coefficient which
represents the rate of deceleration and ‘a’ represents intercept
(constant) which reflects the size of initial sip (after Kissileff et
al., 1982). The two coefficients (b and c) were only analysed if a
main effect or an interaction was found with the MANOVA on
the cumulative data.

3. Results

3.1. Population characteristics

General characteristics of the participants allocated to the
stress and non-stress group are presented in Table 1. There were
no significant differences on any of the measurements between
the two experimental conditions or between gender, or between
gender within each condition.
3.2. Mood

Gender and time of day were not significant factors in the
initial repeated measures ANOVAs of mood variables (F's≤
5.22, p's≥0.03, α′=0.008 for KUSTA, 0.006 for POMS),
thus the analysis was repeated with these factors omitted.

Repeated measures ANOVAs of mood variables at baseline
and immediately after stress procedure have revealed signifi-
cant time x condition interactions for anxiety as measured by
POMS (F[1,30]=10.271, p<0.01; Fig. 1a) and by KUSTA (F
[1,30]=17.375, p<0.001; Fig. 1b) as well as for the tension/
relaxation scale of the KUSTA (F[1,30]=12.539, p<0.01; Fig.
1c). The observed interactions remained significant after
Holme's correction, which was applied to control for the
inflated chance of type 1 error resulting from the number of
analyses performed for the factors derived from the POMS
questionnaire (8; α′=0.05/8=0.006) and for the scales from the
KUSTA questionnaire (6; α′=0.05/6=0.008). Post-hoc t-tests
confirmed that the interactions were due to an increase in
anxiety (both in POMS and KUSTA) and tension (in KUSTA)
in the stress but not in the non-stress condition (see comparisons
on Fig. 1a–c).

ANOVA of KUSTA factors for the measurements post-stress/
pre-cue-exposure versus baseline revealed that anxiety and
tension were both still significantly elevated, in comparison to
baseline, in the stress but not in the non-stress group (F[1,30]=
8.294, p<0.01, and F[1,30]=5.054, p<0.05). Gender and time
of day were not significant factors in these analyses.

3.3. Salivary cortisol

Gender and time of day did not significantly influence
changes in cortisol levels (F's<1.90, p's>0.25). Cortisol
baseline levels (nmol/L) did not differ between the two
conditions (mean±SEM, stress 9.9±1.3, non-stress: 12.8±
2.0; t[30]=−1.208, p>0.1) or between males and females
(mean±SEM, females: 11.8±2.2, males: 11.0±1.0; t[30]=
−0.326, p>0.1). Cortisol data were analysed in terms of
cortisol levels post-stress expressed as percentage of baseline
levels (see Fig. 2) to minimise the variability in individual
differences in response to stress. Inspection of box plots of
the cortisol distribution in the stress and non-stress condition
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Fig. 2. Percent (%) changes (mean±SEM) from baseline in salivary cortisol
levels (nmol/L) after the non-stress (light bars) and stress (dark bars) condition.
⁎p<0.05 compared to stress condition.

Table 2
DAQ ratings for the 4 factors positive/negative reinforcement, mild desire,
strong desire and loss of control over drinking at the end of the stress procedure
(before the cue exposure) and immediately after the cue exposure

Non-stress Stress

Male Female Male Female

Measurements (post-stress/pre-cue exposure)
Pos/Neg reinforcement 11.4 (1.1) 8.6 (1.6) 14.2 (1.7) 10.9 (1.1)
Mild desire 20.1 (1.4) 17.8 (3.0) 24.9 (1.7) 17.8 (1.8)
Strong desire 7.1 (1.2) 7.4 (1.6) 9.6 (1.6) 5.5 (1.1)
Control 4.4 (0.8) 2.9 (0.5) 3.8 (0.8) 4.1 (1.0)

Measurements (post-cue exposure)
Pos/Neg reinforcement 11.5 (1.6) 8.3 (1.1) 13.8 (1.4) 10.1 (1.3)
Mild desire⁎ 20.8 (1.7) 22.5 (2.4) 25.6 (0.9) 20.0 (2.8)
Strong desire⁎ 9.6 (1.9) 11.1 (2.3) 10.2 (1.5) 10.0 (2.2)
Control 4.6 (0.9) 3.5 (0.8) 4.4 (1.0) 5.4 (0.8)

Values represent mean (SEM) of participants in the non-stress and stress groups
and for males and females separately. ⁎p<0.05, main effect of time.
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Fig. 1. Anxiety ratings (mean±SEM) in POMS (a) and KUSTA (b) as well as
ratings in the bipolar scale tense/relaxed fromKUSTA (c). Values at baseline (pre-)
and post-stress are given for the non-stress and stress condition. ⁎p<0.05 compared
to the pre-stress measurement. +p<0.05 compared to the non-stress condition.
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revealed greater variability of cortisol change in the stressful
condition. There was only one outlier in each of the conditions
and they were excluded from the subsequent analysis. Outliers
were defined by SPSS software and had values more than 1.5 of
the inter-quartile range (IQRs) computed from Tukey's hinges
in the box-plots.

Univariate ANOVA with condition as the between-subject
factor produced a significant main effect of experimental
condition (F[1,28]=4.777, p<0.05), which reflects a significant
reduction in cortisol levels in the non-stress condition
(significantly different from 0: t[14]=−6.785, p<0.01) and
no change in the stressful condition (see Fig. 2).

3.4. DAQ

Gender and time of day did not have an effect on DAQ
ratings (F's<3.88, p's>0.05) thus the analysis was repeated
with these two factors omitted. There was a main effect of time
for two of the DAQ factors, both of which were significantly
lower than α′ obtained through Holme's correction. Mild Desire
and Strong Desire ratings increased following the alcohol cue-
exposure (F[1,30]=10.827, p<0.01, α′=0.0167 and F[1,30]=
13.115, p<0.01, α′=0.0125, respectively; see Table 2). How-
ever, no main effects of condition or interactions involving
condition were observed in these analyses.

3.5. Skin conductance

ANOVA revealed a time of day by gender by condition by
time bin interaction, which approached significance (F[2,48]=
3.182; p=0.050). A subsequent ANOVA separately for males
and females did not show any significant effects involving time
of the day so the analysis was repeated excluding the factor time
of the day. ANOVAwith the factors gender, condition and time
bin showed a time effect (F[2,56]=6.39, p<0.01) indicating an
increase in skin conductance response over time, and a
time×condition×gender interaction effect (F[2,56]=4.45,
p<0.05; see Table 3). The source of interaction was further
examined applying repeated measures ANOVA separately for
males and females. A time×condition interaction was found
in females (F[2,28]=6.68, p<0.01) but not in males (F[2,28]=



Table 3
Skin conductance levels during pre-cue reactivity period (baseline time bin),
period of handling the drink (take drink time bin), and period of smelling the
drink (smell drink time bin)

Measurements during
cue exposure
procedure

Male Female

Non-stress Stress Non-stress Stress

Baseline time bin 16.64 (1.2) 18.25 (3.9) 14.90 (1.0) 10.12 (1.0)
Take drink time bin 17.17 (1.2) 20.06 (5.5) 17.96 (1.6)⁎ 9.47 (1.1)
Smell drink time bin a 19.54 (1.7) 19.62 (4.9) 16.88 (1.2)⁎ 10.81 (0.9)

Values are in ìS [mean (SEM)] of male and female participants in the non-stress
and stress groups; ⁎p<0.05 (paired t-tests compared to baseline).
a Main effect of time bin. Each time bin represents values recorded at 1 μs

intervals and averaged over a period of 30s.

Table 4
Linear (‘b’) and quadratic (‘c’) coefficient values of cumulative alcohol
consumption curves, following the stress procedure and exposure to alcohol
cues

Mode of
alcohol
consumption

Male Female

Non-stress Stress Non-stress Stress

Linear coefficient (‘b’) 0.401
(0.094)

0.510
(0.086)⁎

0.388
(0.084)

0.255
(0.058)

Quadratic
coefficient (‘c’)

−0.012
(3.04)

−0.015
(0.004)

−0.008
(0.003)

−0.005
(0.002

Values represent mean (SEM) of male and female participants in the non-stress
and stress groups; ⁎p<0.05 compared to females in the same condition.
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1.39, p>0.1). Tests of within-subject contrasts with the factor
time repeated showed an interaction at baseline vs. take drink
time bin (F[1,14]=10.77, p<0.01). Post-hoc t-tests revealed
that while females in the non-stress condition showed a
significant increase in skin conductance during take the drink
time bin compared to baseline (t[8]=−3.702, p<0.01), those in
the stress condition did not. There was also an interaction at the
take the drink vs. smell the drink time (F[1,14]=5.55, p<0.05)
due to a small (non-significant) decrease and increase of skin
conductance levels in the non-stress and stress condition,
respectively. Post hoc paired t-tests, however, showed that the
skin conductance levels at the smell the drink time were still
significantly higher than baseline in females in the non-stress
condition (t[8]=−2.845, p<0.05).

In female participants, main effects of time (F[2,28]=4.10,
p<0.05) and condition (F[1,14]=17.82, p<0.01) were also
found, while the main effect of time only approached
significance in males (F[2,28]=3.19, p=0.058). A separate
analysis on baseline data showed an effect of gender with males
having higher skin conductance ratings at baseline than females
(F[1,28]=5.23, p<0.05).

3.6. Alcohol consumption

Time of day did not have an effect in the MANOVA (F
[15,10]=3.477, p<0.05) thus the analysis was repeated with the
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Fig. 3. Cumulative number of “drinking units” (cups; mean) that participants
consumed in 1-min over the period of 15 min, during which time participants
could consume alcohol freely. Values are given for males and females in the
stress and non-stress condition.
factor time of the day omitted. A significant condition×gender
interaction was revealed with males consuming larger amounts
of alcohol than females under stress (F[15,14]=2.55, p<0.05;
see Fig. 3). Subsequent between-subject t-tests of the
coefficients in each of the two experimental groups revealed a
significant gender difference in the linear coefficient (‘b’) only
in the stressful condition, with male participants showing
greater initial rate of consumption than their female counterparts
(t[14]=2.453, p<0.05; see Table 4).

No differences between the experimental groups were
observed with respect to other alcohol consumption variables.

4. Discussion

The stress induction procedure was successful in increasing
anxiety and tension in the sample of heavy non-dependent
alcohol drinkers employed in the present study. The effects of
the stressor appeared to be long lasting since more than 1 h after
the initiation of the stressful procedure anxiety and tension were
still significantly higher than baseline in the stressed group. In
the stressful condition cortisol levels also did not show the
expected diurnal decrease, which was observed in the non-
stressful condition. Contrary to the findings from Kirschbaum et
al. (1992) that men show greater cortisol response to
psychosocial stressors than women, no gender differences in
cortisol responsiveness were observed in this study. However,
since heavy alcohol use has been found to impair cortisol
responsiveness to stress (Errico et al., 2002; Lovallo et al., 2000;
both studies looked at abstinent alcoholics), it is possible that
heavy alcohol use in the sample of participants in the present
study may have overshadowed any underlying gender differ-
ences in the HPA responsiveness to stress.

Craving for alcohol reflected in the factors mild as well as
strong desire for alcohol increased over time in the presence of
alcohol-related cues, but it was not differentially affected by
stress. Lack of baseline measurements of craving in the present
study does not allow us to be conclusive with regard to a stress
effect on craving. However, no change in the craving ratings
between the two groups following the alcohol cue presentation
allows us to be conclusive with regard to a lack of interaction
between cue reactivity and stress. Lack of a finding of stress in
the present study contradicts the findings of Cooney and
colleagues (Cooney et al., 1997) who reported in alcoholic
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patients an increase in self-reported urge to drink following
negative mood induction as well as following cue-exposure.
Therefore lack of the effectiveness of stress in modulating
craving for alcohol in the present study may be due to that
participants were heavy social drinkers and not alcoholic
patients. Such conclusion is in agreement with reports from the
pre-clinical literature that stress exposure in the absence of cues
reinstates alcohol seeking only in alcohol-dependent rats (Liu
and Weiss, 2002). Furthermore, Koob and Le Moal's negative
emotion alliesthesia model of drug dependence (Koob and Le
Moal, 2001) proposes that with time alcoholics experience more
negative mood that leads them to drink excessively.

Regarding the physiological skin conductance response,
participants overall showed a significant increase in skin
conductance with time of cue exposure, i.e. as they handled
the cups containing their favourite type of drink and then as they
smelled the drink. Such linear increase in skin conductance
extends the findings from the cue-exposure study by Greeley et
al. (1993) who observed a similar linear increase in subjective
craving with increased duration of cue exposure in heavy social
drinkers. In the absence of measurements in the presence of a
control cue it is difficult to speculate that the increase in skin
conductance observed during the alcohol cue trial or the gender-
influenced increases in alcohol consumption following stress
represent a conditioned response to alcohol related cue.

Nevertheless, skin conductance response to alcohol related
cues was differentially affected by stress in male and female
participants. Stressed female participants did not show an
increase from baseline in their skin conductance response in the
presence of alcohol-related cues as their non-stressed counter-
parts did, suggesting that stress had an inhibitory effect on the
response to alcohol-related cues. Stressed females had lower
skin conductance response than non-stressed females already at
baseline before the cue exposure; this might reflect a differential
response to stress. However, since there was no measurement of
skin conductance before the stress procedure we cannot be
certain. Interestingly alcohol consumption data further con-
firmed this conclusion, as stressed female participants showed
also a lower initial rate of alcohol consumption compared to
stressed male participants. Since this difference in consumption
was reflected in the linear coefficient of the cumulative intake
curve, which, according to Kissileff's interpretation of human
feeding pattern (Kissileff et al., 1982) reflects motivation to
consume as well as hedonic value of the food, it could be
suggested that stress reduces motivation to consume and/or the
hedonic value of the drinks in females compared to males. The
gender differences observed in the present study appear to be in
agreement with the report by Willner et al. (1998) who, using a
negative mood induction procedure in social drinkers, observed
increased motivation to obtain the alcohol reinforcer in males
but not in females and reduced liking of the alcohol reinforcer in
female but not in male social drinkers. It may be that female
alcohol drinkers have more positive mental representations of
the reinforcer than males, and thus experience of negative mood
due to stress does not induce reinforcer approach behaviour
since it does not match the positive appetitive state (Stewart et
al., 1984). The suggestion that appetitive processes may have
stronger influence on alcohol cue reactivity in female compared
to male social drinkers is in line with the findings from the
smoking literature that female but not male smokers respond to
the presentation of smoking cues with an increase in cigarette
craving (Field and Duka, 2004) and that olfactory and taste cues
are an important determinant of satisfaction from smoking in
female, but not male smokers (Perkins et al., 2001). The results
of the present study therefore suggest that stress-induced
negative mood may be acting by blocking the activation of
appetitive processes in the presence of alcohol-related cues in
female drinkers. On the other hand, subjective craving measure
did not show an interaction between gender and stress
manipulation, therefore this interpretation of the physiological
and behavioral data needs to be taken with caution. Further
studies on gender and stress effects on alcohol cue reactivity are
required in order to understand fully the gender differences
found in the present study. It should be pointed out however that
gender effects with regard to cue reactivity might be different in
alcoholics and social drinkers. For instance, the studies of
Willner et al. (1998) and Cooper et al. (1992), as well as the
present study, all examining social drinkers, point out to a
stronger relationship between drinking and stress in men. Yet
female alcoholics are more likely to use alcohol for the purpose
of altering mood, and they show greater cue reactivity after
negative mood induction compared to their male counterparts
(Rubonis et al., 1994).

There are some limitations to the present study with regard to
alcohol consumption measurements. Firstly, as it was not
placebo-controlled, it is not known if the observed effects of
stress on behavioural cue reactivity are selective for alcohol. de
Wit et al. (2003) did not report any selective enhancement of
alcohol consumption compared to placebo following a mild
stressor in moderate social drinkers. Secondly, participants in
the present study knew that they would consume alcohol later in
the testing session and this may have influenced subjective
ratings of craving. Furthermore, the observed effects on alcohol
consumption may have been influenced by participants'
awareness that they were being observed and evaluated, since
this factor has been suggested to alter consumption (Clements et
al., 1996). Also, the time of day when participants took part in
the experiment is not the usual time people go drinking
(evening) so they may have been restrained from rapid
consumption by extra-experimental factors, such as plans for
the afternoon (Clements et al., 1996). Another possible
limitation of the present findings is that there was a wide
range of habitual alcohol consumption in the study sample,
which might have confounded some of the findings. However,
there were no gender differences between the groups with
regard to habitual consumption of alcohol.

In summary, alcohol cue reactivity was observed in a sample
of heavy social drinkers, yet neither craving (in the absence or in
the presence of cues) nor physiological cue-reactivity and
alcohol consumption appeared to be influenced by stressful
manipulation in the experimental sample as a whole. However,
under stress female participants did not show physiological cue
reactivity in the presence of alcohol-related cues and showed
lower alcohol consumption compared to males under stress.
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These findings suggest that female participants under stress
show reduced sensitivity to the incentive value of alcohol-
related cues.
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