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Brain Activation Associated with Automatic Processing of
Alcohol-Related Cues in Young Heavy Drinkers and Its

Modulation by Alcohol Administration

Fanny Kreusch, Valerie Goffaux, Nicolette Siep, Katrijn Houben, Etienne Quertemont, and
Reinout W.Wiers

Background: While the automatic processing of alcohol-related cues by alcohol abusers is well
established in experimental psychopathology approaches, the cerebral regions involved in this phe-
nomenon and the influence of alcohol intake on this process remain unknown. The aim of this func-
tional magnetic resonance imaging (fMRI) study was to investigate the neural mechanisms underlying
the processing of task-irrelevant alcohol-related stimuli in young heavy drinkers and their modulation
by alcohol administration.

Methods: Twelve heavy drinking male participants were scanned on 2 separate days; once after a
low dose of alcohol intake (0.4 g/kg), and once after a placebo intake, in balanced order. Images of
alcoholic drinks, soft drinks, or neutral objects were shown while participants’ neural activity was
recorded through fMRI. Moreover, participants’ attentional focus was manipulated using a task which
required them to process the central images of interest (focus alcohol condition) or a center unattended
task (focus not on alcohol condition).

Results: Results indicated that an explicit judgment on beverage-related cues increased activation in
the prefrontal area compared with the judgment of neutral objects. By comparison with that of task-ir-
relevant neutral cues, the processing of task-irrelevant alcohol-related cues increased the activation in a
large network of cerebral areas including visual and temporal regions, the bilateral anterior cingulate
cortex, the posterior cingulate cortex, and the putamen. Moreover, in the condition with focus not on
alcohol, the ventral tegmental area (VTA) was particularly activated by the presentation of (task-irrele-
vant) alcohol-related cues compared to task-irrelevant soft-drink-related cues.

Conclusions: The VTA was especially involved in the automatic processing of alcohol-related cues
in young heavy drinkers. Low dose of alcohol did not modulate the neural substrates involved in the
processing of salient alcohol-related cues.

Key Words: Attention, Functional Magnetic Resonance Imaging, Alcohol-Related Cues, Heavy
Drinkers, Alcohol.

NUMEROUS MODELS OF addictive disorders state
that cues associated with the substance may automati-

cally trigger motivational processes and the addictive behav-
ior (Wiers et al., 2007). According to the incentive salience
theory of addiction (Robinson and Berridge, 2003), after
repeated associations with drug or alcohol intake, specific
environmental cues acquire incentive appetitive properties
and therefore powerfully attract attention. Early neuroadap-

tations in the mesolimbic structures are suggested to be
involved in the attribution of salience to environmental cues
(Robinson and Berridge, 2003). These dopaminergic neural
circuits, normally activated by natural reinforcements like
sex and food, become hypersensitive to alcohol-related stim-
uli, causing alcohol craving in the presence of such cues.
Brain regions involved in incentive salience have been

explored using functional magnetic resonance imaging
(fMRI) during a cue-reactivity paradigm. These studies
traditionally tried to trigger a state of craving through the
presentation of stimuli associated with alcohol. In alcohol-
dependent patients, the presentation of alcohol-related stim-
uli elicited activations in the mesocorticolimbic circuit,
especially in the orbitofrontal cortex (OFC), the prefrontal
cortex (medial and dorsolateral), the amygdala/hippocampal
structure, the ventral tegmental area (VTA), the dorsal and
ventral striatum (including the nucleus accumbens), the
insula, and the anterior cingulate cortex (ACC) compared to
neutral stimuli (e.g., Braus et al., 2001; Myrick et al., 2004;
Tapert et al., 2004; Wrase et al., 2002; for a review, see
Schacht et al., 2013). Among these regions, the OFC and the
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ACC have been, respectively, associated with the evaluation
and the encoding of the motivational value of environmental
stimuli, while the amygdala/hippocampus complex and the
striatum would be involved in the processing of emotional
salience of stimuli and the formation of conditioned
responses, respectively (Goldstein and Volkow, 2002; Heinz
et al., 2009). Data collected among nondependent heavy
drinkers revealed the same mesocorticolimbic activation
when exposed to alcohol-related cues compared to neutral
cues (e.g., Bragulat et al., 2008; Dager et al., 2013; Filbey
et al., 2008; Ihssen et al., 2011). Of note, most of these stud-
ies used explicit instructions to attend to alcohol-related cues.
However, one important manifestation of chronic alcohol
consumption is an automatically triggered attentional
bias toward alcohol-related cues at the expense of other goal-
related information (for reviews, see Field and Cox, 2008;
Franken, 2003). In this study, we thus investigated the neural
correlates of this attentional bias for alcohol-related stimuli.

Attentional biases toward alcohol-related cues have been
widely studied using various paradigms in alcohol-dependent
patients (Johnsen et al., 1994; No€el et al., 2006) and in heavy
drinkers (Cox et al., 1999; Townshend and Duka, 2001).
Recently, models of addictive behaviors focused on the role
of automatically triggered cognitive processes in the develop-
ment of such behaviors (Stacy and Wiers, 2010; Wiers et al.,
2007). According to these theories, alcohol-related cues can
automatically trigger a variety of cognitive motivational pro-
cesses, which in turn can trigger conscious craving and
thereby facilitate compulsive consumption of alcohol (cf.,
Franken, 2003). Consistently, a linear relationship between
alcohol consumption and attentional bias toward alcohol-re-
lated cues has been found in young habitual drinkers (Cox
et al., 2003). Recent findings also indicate that the level of
automatic cue reactivity for alcohol-related stimuli can pre-
dict relapse in treated alcohol-dependent patients (Garland
et al., 2012). However, despite the importance of such auto-
matic processing of alcohol-related cues in problematic alco-
hol consumption, its neural correlates have hardly been
investigated and remain unclear.

Several fMRI studies reported that the amygdala plays a
key role in the automatic processing of emotional stimuli,
without attention (Vuilleumier et al., 2001) or consciousness
(Carlsson et al., 2004). However, conflicting evidence has
also been published. For example, emotional stimuli were
shown to deactivate the amygdala when presented during a
sufficiently demanding concurrent task (Pessoa et al., 2002).
This indicates that the amygdala requires some attentional
resources to process emotional stimuli (see also Van Dillen
et al., 2009). In addition, Siep and colleagues (2009) reported
activations in the amygdala and the OFC only during the
explicit evaluation of food reward stimuli, but not during
automatic processing of food. Regarding alcohol-related
cues, only a few recent fMRI studies focused on neural corre-
lates of their automatic processing in alcohol-dependent
patients. Vollst€adt-Klein and colleagues (2012) used a visual
dot probe paradigm in which participants had to detect as

quickly as possible a dot probe appearing on either side of
the screen and that followed the 50-ms presentation of a pair
of pictures, a neutral one and an alcohol-related one. An
increased activation in response to alcohol-related cues rela-
tive to neutral stimuli was observed within the mesocortico-
limbic reward system. A second study compared brain
responses to alcohol-related distractors across different levels
of alcohol dependence (Fryer et al., 2013). Controls and
long-term abstainers, compared with recent and nonabstain-
ers, showed increased recruitment of attention and cognitive
control regions when task-irrelevant alcohol cues were pre-
sented. Moreover, alcohol abstinence decreased the amyg-
dala recruitment to alcohol-related distractors. Nonetheless,
whereas neural correlates of automatic alcohol-cue process-
ing were recently studied in alcohol-dependent patients, cere-
bral activation underlying this process remains unknown in
heavy drinkers.

Regarding the effect of alcohol itself on such processes,
some behavioral studies have shown that in heavy social
drinkers, the administration of a low dose of alcohol (0.3
to 0.4 g/kg) increased both the subjective craving for alco-
hol (de Wit and Chutuape, 1993) and the attentional cap-
ture by alcohol-related cues (Adams et al., 2012; Duka
and Townshend, 2004; Schoenmakers et al., 2008; for a
review, see Field et al., 2010). However, other studies
found that the administration of alcohol modulates the
attentional bias toward alcohol only in moderate drinkers
(Fernie et al., 2012). More recently, an fMRI study
showed that the administration of a low dose of alcohol
(0.4 g/kg) to moderate drinkers enhanced the processing of
alcohol-related but task-irrelevant stimuli. This effect was
mediated by the activation within subcortical hypothalamic
areas (Nikolaou et al., 2013). In the current study, we
therefore tested how a low dose of alcohol (0.4 g/kg)
would affect the processing of task-irrelevant alcohol-re-
lated pictures in heavy drinkers.

In sum, the double purpose of this study was to investigate
the neural mechanisms underlying the processing of task-ir-
relevant alcohol-related stimuli in young heavy drinkers and
its modulation by alcohol intake. We scanned 12 heavy drin-
kers and presented them with a central picture cue that was
alcohol related or neutral. To manipulate participants’ atten-
tional focus, we asked them to make a judgment on the cen-
tral picture (i.e., task-relevant cue) or on peripheral bars
while the central picture was still presented simultaneously
(i.e., now being a task-irrelevant cue; see Pessoa et al., 2005;
Siep et al., 2009). We hypothesized that the same mesocorti-
colimbic pathway found in previous studies on explicit alco-
hol cue reactivity (Heinz et al., 2009) and during the
automatic processing of alcohol-related cues in alcohol-de-
pendent patients (Vollst€adt-Klein et al., 2012) should be acti-
vated during the automatic processing of task-irrelevant
alcohol-related stimuli. Finally, we assessed whether alcohol
intake (0.4 g/kg) would modulate brain activity during the
automatic processing of alcohol-related cues. To do so,
participants were submitted to 2 different fMRI sessions,
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following the administration of a mixed alcoholic beverage
or of a placebo.

MATERIALS ANDMETHODS

Subjects

Twelve right-handed male students from Maastricht University
were paid for their participation (Table 1a). Participants were
recruited by advertisement around the University and contacted us
by email. They were invited to take part in the study if they reported
consuming more than 15 units of alcohol per week on average and
experienced at least 1 binge (i.e., 6 or more standard Dutch units of
alcohol of 10 g each on 1 occasion) per week. Upon their arrival for
a first scan session, their weekly alcohol consumption was assessed
using a self-report daily drinking estimation based on the Timeline
Follow Back method (Wiers et al., 1997). They also passed the
Alcohol Use Disorders Identification Test (AUDIT; Saunders et al.,
1993). The range of AUDIT scores indicated that all participants
met the criteria for hazardous drinking (AUDIT score of 8 or
above; Babor et al., 2001). None of the participants had any known
psychiatric or neurological disorder, as assessed by the participants’
self-report on an fMRI screening (Maastricht University) and on
the Symptom Checklist-90-Revised questionnaire (Derogatis, 1994).
Written consent was obtained from all participants, and the study
was approved by the Ethics Committee of the Department of Psy-
chology and Neuroscience, Maastricht University.

Procedure

The participants underwent 2 fMRI sessions scheduled exactly
1 week apart, 1 after alcohol, and 1 after placebo administration.
The 2 sessions took place in the afternoon to maximize the desire for
alcohol, and their order was counterbalanced across participants.
The participants were instructed not to consume any alcoholic bever-
age for 24 hours before each fMRI session and not to eat high-fat
food the day of the experiment. Alcohol blood concentration was
checked at the start of the experiment with a breathalyzer (Lion
alcolmeter SD-400; Lion Laboratories Limited, Vale of Glamor-
gann, UK). In the alcohol session, the participants drank a mix of
vodka (i.e., 0.4 g/kg body weight of alcohol) and tonic, with a slice
of lemon, before entering the scanner. In the placebo session, the par-
ticipant drank a glass of tonic with sugar tomatch the calorie content

of the alcoholic drink. To keep the smell of alcohol, the top of the
glass was dipped in vodka and a slice of lemon soaked in vodka was
put on the glass. Moreover, the placebo drink was prepared in front
of the participant with tonic in a bottle of vodka (Marlatt and Roh-
senow, 1980). After consumption of the drink, subjects filled out a
visual analog scale assessing the desire to drink alcohol and the
approach and avoidance of alcohol questionnaire (AAAQ;McEvoy
et al., 2004). The participants entered the scanner 15 minutes after
consumption of the drink and completed the experimental task.
Each fMRI session lasted about 75 minutes. At the end of each
fMRI session, alcohol blood concentrationwas againmeasured.

Experimental Design

This study used a 3 (picture type: alcoholic drink, soft drink, and
neutral object) 9 2 (session: alcohol and placebo administra-
tion) 9 2 (attention focus: object/drink attended and bars attended)
within-subject design. Analogous to Siep and colleagues (2009),
who studied brain responses to food rewards, participants were
shown pictures of alcoholic drinks, soft drinks, and neutral objects
in the center of a black background screen (approximately 4° verti-
cally). These images were collected from www.istockphoto data-
base. Two white bars were placed on either side of the central image
at 6° eccentricity. These bars were either oriented in the same way,
or oriented dissimilarly with a difference of 45° or 90°. Pictures and
bars were presented simultaneously in all of the 6 different condi-
tions. Trials of the same condition were presented within blocks of 5
trials. At the beginning of each block, a verbal cue indicated the task
to perform (see Fig. 1). In the alcohol attended and soft-drink
attended blocks, the cue was “drink?”, prompting the participant to
judge whether they wanted to drink the presented alcoholic drink or
soft drink (yes: index finger, no: middle finger). The neutral objects
attended blocks were preceded by the cue “red?”, which instructed
the participant to indicate whether the presented object was red or
not (red: index finger, not red: middle finger). In the 3 bars attended
blocks, the cue “bars orientation?” instructed the participant to indi-
cate whether peripheral bars were of similar orientations (same:
index finger, different: middle finger). There were 18 blocks of each
condition and therefore 90 trials of each condition in total. Fifty
percent of the bars matched and 50% did not. During these bars
attended blocks, central stimuli (alcohol, soft drink, or neutral

Table 1. Sample Characteristics and Reaction Times (RTs) at the Task
According to the Experimental Condition (Mean and SD)

N Mean SD

a. Demographic and consumption data
Age 12 21.3 2.1

Drink/wk 12 26.4 12.1
6 drinks or more in 1 occasion/wk 12 3.2 0.9
AUDIT score 12 16.7 4.4

b. RTs in the task (ms)
Drink attended condition

Alcohol session—Alcohol drink 7 450 99
Alcohol session—Soft drink 7 473 117
Placebo session—Alcohol drink 7 462 120
Placebo session—Soft drink 7 489 118

Bars attended condition
Alcohol session—Alcohol drink 7 417 36
Alcohol session—Soft drink 7 438 43
Alcohol session—Neutral object 7 443 35
Placebo session—Alcohol drink 7 427 47
Placebo session—Soft drink 7 457 52
Placebo session—Neutral object 7 470 44

AUDIT, Alcohol Use Disorders Identification Test.

Alcohol
attended

17800 ms

9800 ms

Drink? Red? Instruction..x1

Trial..x5

Bars
orientation?

17800 ms

9800 ms

17800 ms

9800 ms

500 ms

2300 ms

200 ms

2800 ms
+ + +

+ + +

Fixation Fixation Fixation

Alcohol
unattended

Neutral
attended

Fig. 1. Graphical outline of the stimulation protocol used in this func-
tional magnetic resonance imaging experiment. Stimuli were presented in
a blocked design: alcohol attended blocks, soft-drink attended blocks, neu-
tral attended blocks, bars attended blocks. Throughout the experiment,
participants focused on the white fixation cross at center. Stimuli were pre-
sented in the center of participants’ visual field. At the beginning of each
block, a word was presented indicating the task and focus of attention
required from participants.
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object) did not require to be attended in order to perform the task
correctly. Each picture (alcoholic drink, soft drink, or neutral
object) was displayed equally often with matching bars and with
nonmatching bars.

Stimulation Protocol

Each session consisted of three 17-minute runs of experimental
blocks and 1 anatomical scan, each separated by a 1-minute break.
Each block (18 seconds) consisted of an initial verbal cue (drink?,
red?, or bars orientation?; 500 ms), followed by 5 display screens
consisting of picture stimuli of the same type (alcoholic drinks, soft
drinks, or neutral objects) and 2 peripheral white bars for 200 ms
each. These displays were followed by a white fixation cross
(2,800 ms), during which the participant had to provide his
response. Each block was followed by a fixation cross of 9 seconds.
The brief 200-ms display and the positioning of the stimuli within
the center of the visual field were aimed at preventing the occurrence
of deliberate saccades (Pessoa et al., 2005). Each block type was
presented 6 times in a run lasting 17 minutes. The order of the runs
was balanced across participants, but was kept constant over ses-
sions within 1 participant.

fMRI Data Acquisition

Images were acquired with a 3T Siemens Magnetom Allegra
Head-only Scanner at the Maastricht Brain Imaging Centre using a
birdcage volume coil. Gradient echo-planar imaging volumes were
acquired (50 slices, TR = 3,000 ms, flip angle = 90�). Imaging
parameters were optimized to minimize susceptibility and distortion
artifacts in OFC. The relevant factors included oblique axial imag-
ing with a negative (i.e., backward) tilt angle of 30°, minimizing
voxel size (2 mm 9 2 mm 9 2.5 mm) in the plane of the imaging,
a short echo time of 25 ms, and a high imaging bandwidth
(2,790 Hz over the field of view, echo spacing = 0.4 ms). The voxel
matrix size was 128 9 104 and the field of view was
256 mm 9 208 mm. Acquisition of functional images yielded 340
volumes per run. One high-resolution whole-brain anatomical
T1-weighted scan was also acquired (TR = 2,250 ms, TE = 2.6 ms,
flip angle = 9�, 1 mm 9 1 mm 9 1 mm).

fMRI Data Preprocessing

All processing and analyses of the fMRI data were performed
using BrainVoyager QX 1.9TM (Brain Innovation, Maastricht, the
Netherlands). The first 2 volumes of the T2*-weighted functional
images were discarded due to magnetic saturation effects. Prepro-
cessing comprised slice scan timing correction (using sinc interpola-
tion), motion correction (using a 3-dimensional rigid-body
transformation of each volume to the first volume of each run and
using trilinear/sinc interpolation), and high-pass filtering to remove
low-frequency noise (up to 3 cycles in the single run time-course).
Individual functional data were smoothed using a 6-mm full-width-
at-half-maximum isotropic Gaussian Kernel. The anatomical scan
and the functional data were then spatially normalized using Talair-
ach transformation procedures. For group analyses, the normalized
individual functional data were averaged and standardized with a z
transformation.

Behavioral Data and Statistical Analysis

Equipment failure resulted in the loss of behavioral data of 5 par-
ticipants for 1 session. Behavioral analyses were then conducted on
7 individuals. We analyzed reaction times (RTs) with 3 (stimulus:
alcoholic drink, soft drink, neutral object) 9 2 (session: alcohol or
placebo) repeated-measures analyses of variance (ANOVAs), sepa-
rately in bars attended and object/drink attended condition given the

different instructions. Responses in bars attended and object/drink
attended were also analyzed with “stimulus” 9 “session” repeated-
measures ANOVAs.

fMRI Statistical Analyses

Analyses were performed in BrainVoyager. Blood oxygen-level
dependent (BOLD) responses were modeled by convolving the
hemodynamic response function with a boxcar function represent-
ing blocks, from the onset of the instruction screen to the onset of
the interblock fixation period. A random-effects (RFX) factorial
model was used to analyze BOLD responses, with factors “session”
(2 levels: alcohol or placebo), “attention” (2 levels: object/drink
attended or bars attended), and “stimulus” (3 levels: alcohol, soft
drink, or neutral object).

We computed different analyses. First, brain activations after
alcohol administration (alcohol session) were contrasted with those
of the placebo session. Second, we focused on the second-order
interaction: session by attention by stimulus. None of the voxels
showed significant activity for the 3-way interaction. Therefore, we
conducted an F-map of the second-order interaction: stimulus by
attention. It indicated that different brain areas were involved in
stimulus processing as a function of attentional focus. Participant’s
parameter estimates from each significant cluster peak were entered
into Statistica Program using Newman–Keuls post hoc analysis to
explore further the stimulus9 attention interaction.

Because effects caused by the presentation of alcohol versus soft
drink versus neutral object during the bars attended condition
may be very small, the RFX analyses may have been too restric-
tive (type II error). Therefore in addition, we applied 2 less strict
generalized linear model fixed effects contrasts to test brain areas
specifically involved in the automatic processing of alcohol-related
stimuli. We first contrasted cerebral areas activated by alcoholic
drink compared to soft-drink stimuli in the bars attended condi-
tion. Indeed, the instructions, centered on the bar orientation,
were the same in the 2 conditions and the only difference between
the conditions was the type of stimulus presented in the center of
the screen (alcohol-related or alcohol-unrelated). No significant
differences in BOLD activity between alcohol- and soft-drink-
related pictures were observed in the bars attended condition. We
then identified brain regions involved in the automatic processing
of alcohol-related stimuli by contrasting brain activations follow-
ing the presentation of alcoholic drinks and of neutral objects in
the bars attended condition. For each cluster peak of this contrast,
further Newman–Keuls post hoc analyses were conducted to test
for interactions with alcohol consumption. Moreover, differences
between alcoholic drinks and soft-drink presentations that were
not revealed by the first contrast, which is statistically stricter,
were investigated with Newman–Keuls post hoc comparisons.
Finally, we tested differences in brain activations between the
explicit and automatic processing of alcohol cues by contrasting
brain activations following the presentation of alcoholic drinks in
the attended and unattended (bars attended) conditions.

All F-maps were thresholded at a significance level of p < 0.001
and then subjected to a correction for multiple testing procedures
that determine critical cluster size cutoff values at a corrected signifi-
cance level of 0.05 via Monte Carlo simulation (Forman et al.,
1995).

RESULTS

Behavioral Data

No differences in craving measures were observed between
the alcohol and placebo sessions as assessed with the visual
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analog scale (T11 = 0.66, p = 0.51) and the different factors
of the AAAQ (mild approach: T11 = 0.66, p = 0.51; intense
approach: T11 = �0.84, p = 0.40; avoid drinking: T11 =
�0.25, p = 0.80).
RTs (Table 1b) and responses were analyzed with

repeated-measures ANOVAs. For RTs in the attended con-
dition, a significant main effect of stimulus type was
observed, F(2, 12) = 9.75, p = 0.003. A Newman–Keuls post
hoc test showed that participants were slower to judge
whether they wanted to drink an alcohol (p = 0.008) or a soft
drink (p = 0.003) than to indicate whether the presented
object was red or not. For RTs in the bars attended condi-
tion, a main effect of stimulus type was observed,
F(2, 12) = 12.27, p = 0.001. A Newman–Keuls post hoc test
indicated that participants were faster to indicate whether
the bars were of similar orientation when the central stimulus
was an alcohol-related cue relative to a sof-drink-related cue
(p = 0.004) or a neutral object (p = 0.001; see Fig. 2). For
the accuracy of the responses in the bars attended condition,
no main effect of the stimulus type, F(2, 12) = 1.58, p = 0.24,
session, F(1, 6) = 0.09, p = 0.77, or interaction, F(2,
12) = 0.08, p = 0.92, was observed. Finally, a repeated-mea-
sures ANOVA was computed on the percentages of positive
answers to the question “do you want to drink?” This
ANOVA revealed no significant main effect of the stimulus
type (alcohol vs. soft drink) F(2, 6) = 2.83, p = 0.14, and no
main effect of the session, F(1, 6) = 0.10, p = 0.75. Further-
more, there was no significant interaction between the stimu-
lus type and the session, F(1, 6) = 3.55, p = 0.108.

Whole-Brain Analysis

Effect of Alcohol Administration. The ANOVA com-
puted on the fMRI data identified brain areas with a

main effect of session. The results indicated that alcohol
administration increased the activity in the right lingual
gyrus, the right cingulate cortex, the left insula, the left
inferior parietal lobe, and the left precentral gyrus
(Table 2a).

Two-Way Interaction: Stimulus 9 Attention. Factorial
ANOVA computed on the fMRI data identified brain areas
with an RFX interaction effect between attention focus and
stimulus type (Table 2b). The resulting F-map revealed a net-
work of significantly active brain regions: the left putamen,
the left medial orbitofrontal cortex (mOFC), the left dorso-
lateral prefrontal cortex (dlPFC), and the left middle tempo-
ral gyrus. Further Newman–Keuls post hoc analyses of beta-
weight revealed a significant higher BOLD activity in the left
putamen and left middle temporal gyrus during alcoholic
drinks presentation compared with neutral objects in the
bars attended condition (Fig. 3). In the attended condition,
differences in BOLD activity between neutral objects and
drink stimuli were observed in the left OFC and the left
dlPFC (Fig. 3). A difference between alcohol-related and
soft-drink-related cue was also observed in the left mOFC in
the condition.

Contrast: Alcohol > Neutral Stimuli in Bars Attended Con-
dition. The contrast alcoholic drink versus neutral object in
the bars attended condition revealed significant activations
in extensive brain regions including the cingulate cortex,
parietal regions, the left temporal gyrus, the left lingual
gyrus, and the left VTA (Table 3b). However, there was no
significant differential activity of the amygdala. The 3-way
ANOVA computed on standardized beta values showed a
significant main effect of alcohol administration in the left
inferior parietal lobe. Additionally, a significant interaction
between session and stimulus type indicated modulation of
the activity in the left middle temporal gyrus, the left angular

Alcohol session Placebo session

R
ea

ct
io

n 
tim

e 
(m

s)

350

400

450

500

550
Alcoholic drink
Soft drink 
Neutral object

*

***

Fig. 2. Mean reaction times (� SEM) for alcohol, soft drink, and neutral
objects in the bars attended condition after the administration of an alco-
holic or a placebo drink. Participants were faster to indicate whether the
bars were of similar orientation when an alcohol-related cue was presented
centrally than when a sof drink or a neutral object was presented. *Signifi-
cantly different from the neutral object presentation in the bars attended
condition with at least p < 0.05; ***significantly different from the neutral
object presentation in the bars attended condition with at least p < 0.001.

Table 2. Results of Whole-Brain RFX ANOVA (p = 0.001): Main Effect of
the Session and Interaction of Stimulus Type 9 Attention Focus Effect

Functional region
of interest L/R

Talairach
coordinates

Voxels
nbr BA F-score

a. Main effect of session
Higher activation in the alcohol condition

Lingual gyrus R 16,�92,�1 256 17 28.94
Anterior cingulate
cortex

R 3, 13, 31 138 24 21.96

Insula L �40, 6, 9 595 13 27.97
Inferior parietal
lobe

L �53,�41, 36 135 40 27.42

Precentral gyrus L �56,�1, 23 54 6 22.57
Higher activation in the placebo condition
None

b. Interaction of stimulus type and attention focus
Putamen L �23, 2, 4 62 10.92
Orbitofrontal cortex L �23, 35,�6 295 47 11.17
Dorsolateral prefrontal
cortex

L �35, 56, 14 61 10 10.99

Middle temporal gyrus L �50,�47,�3 68 37 10.70

BA, Brodmann area; nbr, number; RFX, random-effects.
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gyrus, and the left posterior cingulate cortex. Alcohol admin-
istration increased the activation in these regions during the
soft-drink-related cue condition compared with the neutral
object condition (Fig. 4). Contrary to our hypothesis, the
administration of a priming dose of alcohol had no effect on
cerebral areas involved in the automatic processing of alco-
hol-related cues. The same 3-way ANOVA computed on
standardized beta values also revealed a significant increase
in BOLD activity in the left VTA during alcoholic drinks

presentation relative to soft-drink presentation in the bars
attended condition (Fig. 5).

Contrast: Alcohol Stimuli in Drink Attended Condi-
tion > in Bars Attended Condition. The results indicated
that the explicit evaluation of alcohol stimuli significantly
activated the bilateral precuneus and a wide part of the fron-
tal region including the medial prefrontal cortex (mPFC)
and the left OFC (Table 3c).
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Fig. 3. Bar-plots (� SEM) of brain regions showing significant random-effects analysis of variance F-test (p < 0.001) on stimulus type (alcoholic drink,
soft drink, or neutral object)9 attentional focus (object/drink attended or bars attended). *Significantly different relative to the neutral object condition with
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DISCUSSION

This study investigated brain mechanisms involved in the
automatic processing of alcohol-related cues in young heavy
drinkers and its modulation by alcohol administration. In the
object/drink attended condition, the explicit judgment of
drink cues (i.e., alcohol and soft drink altogether) increased
the activation in a wide part of the frontal region compared
with the judgment of neutral cues or the presentation of unat-
tended alcohol-related stimuli. In the bars attended (drink
unattended) condition, the left putamen and the left middle

temporal gyrus were more activated by the presentation of
task-irrelevant drink cues compared with neutral cues. More-
over, when contrasted to neutral cues, task-irrelevant alcohol-
related cues elicited activity in a large network of cerebral
areas including visual and temporal regions, the bilateral
ACC, and the posterior cingulate cortex. In addition, the
VTA was particularly activated by task-irrelevant alcohol-
related cues compared to task-irrelevant soft-drink-related
cues. Finally, alcohol administration increased the activation
in the left middle temporal gyrus, the left angular gyrus, and
the left posterior cingulate cortex when soft-drink-related cues
were presented.

Table 3. Results of Linear Contrasts in RFX ANOVA (p = 0.001): (a)
Alcoholic Stimuli Minus Soft-Drink Stimuli Presentation in Bars Attended
Condition; (b) Alcoholic Stimuli Minus Neutral Object Stimuli Presentation

in Bars Attended Condition; (c) Alcoholic Stimuli in Drink Attended
Condition Minus Alcoholic Stimuli Presentation in Bars Attended Condition

Functional region
of interest L/R

Talairach
coordinates

Voxels
nbr BA t-Score

a. Alcohol minus soft in unattended conditions
None

b. Alcohol minus neutral in unattended condition
Anterior cingulate
cortex

B �2, 44, 0 96 32 4.01

Cingulate cortex B �2,�48, 26 563 31 4.26
Posterior cingulate
cortex

L �6,�47, 9 174 29 4.11

Precuneus B �2,�61, 25 393 31 4.02
Inferior parietal lobe L �60,�40, 29 106 40 3.98
Angular gyrus L �43,�69, 35 216 39 4.10
Supramarginal gyrus R 56,�52, 25 221 40 4.01
Middle temporal gyrus L �60,�31,�5 157 21 3.99
Temporal subgyral L �45,�43, 3 51 37 4.09
Lingual gyrus L �7,�77,�12 149 18 4.11
Ventral tegmental
area

L �11,�16,�17 62 4.08

Laterodorsal pons L �12,�24,�27 111 4.19
c. Alcohol in drink attended condition minus alcohol in bars attended
condition

Precuneus L �39,�64, 37 778 39 4.21
Precuneus R 37,�62, 37 73 39 4.02
Inferior frontal gyrus R 48, 5, 16 69 9 4.05
Medial frontal gyrus L �5, 18, 43 80 8 4.31
Superior frontal gyrus L �13, 11, 64 201 6 4.15
Superior frontal gyrus L �30, 48, 34 659 9 4.15
Orbitofrontal cortex L �23, 26,�6 52 47 4.00

BA, Brodmann area; nbr, number; RFX, random-effects.
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neutral object, as shown by a random-effects analysis of variance (p < 0.001). *Significantly different between alcohol and placebo session with at least
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The major finding emerging from this sample is the activa-
tion of the left VTA in the bars attended (alcohol unattended)
condition when alcohol-related stimuli were presented com-
pared to soft drink. This area is one of the major sources of
dopamine neurons within the brain and is involved in the
processing of motivationally salient stimuli (Robinson and
Berridge, 2003). In heavy drinkers, the activation of this
dopaminergic midbrain nucleus has been previously observed
following the presentation of alcohol-related cues (Filbey
et al., 2008; Kareken et al., 2004). In line with those studies,
our results indicate that the VTA is involved in the automatic
processing of alcohol-related cues in young heavy drinkers.
Interestingly, a recent study also reported activations in the
nucleus accumbens, one of the brain targets of dopaminergic
neurons from the VTA, in alcohol-dependent patients showing
an alcohol-approach bias (Wiers et al., 2014).

Except for the VTA, we did not find specific neural
responses for alcohol-related cues relative to soft-drink-
related cues. Overall, similar patterns of activation were
observed during their automatic processing. One explanation
could be that young heavy drinkers would exhibit strong
appetitive reaction toward these 2 reward stimuli. In this
population, nonalcoholic drinks could be associated with
alcoholic drinks as youngsters often drink alcohol mixed
with soft drinks. Supporting this explanation, Wiers and col-
leagues (2009) found a large approach bias both for alcoholic
drinks and for soft-drink stimuli in heavy drinkers carrying
the OPRM1 G-allele. However, our behavioral results
showed that alcohol-related and soft-drink-related cues were
processed differently in the unattended condition. Indeed,
participants judged the peripheral stimulus orientation
quicker when an alcohol-related cue was presented relative
to a soft-drink-related cue. Faster responses to alcohol cues
compared to neutral cues have already been reported in occa-
sional drinkers, problematic drinkers, and alcohol-dependent
patients using various attentional and inhibition tasks
(Kreusch et al., 2013; Tapert et al., 2004). Alcohol-related
cues induce an increased reactivity as indicated by physiolog-
ical measures (Herrmann et al., 2001) and behavioral
responses to rewards (Kambouropoulos and Staiger, 2001).
The whole-brain analysis used in this study was statistically
very strict and did probably not allow to highlight the neural
correlates of this increased reactivity for alcohol-related cues
compared to soft-drink-related cues. Other studies are neces-
sary to further investigate that question. Indeed, previous
studies which compared neural modulation by task-irrele-
vant alcohol-related cues in nondependent subjects used neu-
tral cues as control condition (Nikolaou et al., 2013).

In the present study, large activations of interconnected
brain structures were observed during the irrelevant presen-
tation of alcohol-related cues compared to neutral cues. An
involvement of these regions has previously been shown dur-
ing craving and attentional bias for alcohol. They include the
anterior and posterior cingulate gyrus (Myrick et al., 2004;
Vollst€adt-Klein et al., 2012), the left putamen (Braus et al.,
2001; Vollst€adt-Klein et al., 2012), the left temporal gyrus

(Tapert et al., 2004), and the left inferior parietal lobule
(Fryer et al., 2013). We also found activations of visual pro-
cessing areas, such as the precuneus and the lingual gyrus,
suggesting a deep visual automatic processing of alcohol-
related cues in comparison with neutral object cues (Braus
et al., 2001). We did not find any significant implication of
the amygdala in the bars attended conditions, suggesting that
this area is not clearly involved in the automatic processing
of alcohol-related stimuli (Pessoa et al., 2002; Siep et al.,
2009). Nevertheless, its activation was also not observed in
the attended condition, unlike the frontal region, including
the left mOFC, the mPFC, and the dlPFC that are typically
involved in conscious and explicit processing of rewarding
stimuli (Goldstein and Volkow, 2002; Siep et al., 2009; Wil-
son et al., 2004).

The last aim of the present study was to test whether alco-
hol administration modulates the activity during the auto-
matic processing of alcohol-related cues. Consistent with
previous studies, alcohol administration increased activa-
tions in the insula and precentral regions, as well as in the
anterior cingulate regions (Calhoun et al., 2004; Gilman
et al., 2008). Unexpectedly, no specific alterations of the
cerebral response to alcohol-related cues were observed after
the administration of a low dose of alcohol. Increased activa-
tions in the left middle temporal gyrus, the left angular gyrus,
and the left posterior cingulate cortex were only observed
when soft-drink-related cues were presented. In contrast,
Nikolaou and colleagues (2013) found that the administra-
tion of a low dose of alcohol (0.4 g/kg) disturbed cerebral
responses to a visual display consisting of alcoholic drinks in
hypothalamic regions compared to a neutral background.
Two methodological aspects might explain the differences
between this study and the current one. First, Nikolaou and
colleagues (2013) used different participants in the alcohol
and in the placebo sessions, whereas we used a more robust
within-subject design. Second, they only used neutral cues as
control condition, while soft-drink-related and neutral cues
were included in our analyses.

Although the present study generated interesting results,
some limitations should be acknowledged. First, only haz-
ardously drinking male students were included, which limits
the generalizability of the results. Indeed, previous studies
showed that female heavy drinkers responded differently to
alcohol cues compared with males (Kreusch et al., 2013).
Future studies will be required to test whether the present
results may be generalized to other populations, such as alco-
hol-dependent patients or female heavy drinkers. Although
light drinkers typically do not show an attentional bias for
alcohol, it would be interesting to carry out a similar study in
light drinkers. Indeed, because of the particular nature of
alcohol cues, we cannot totally rule out that the unattended
presentation of such cues in light drinkers would produce a
different pattern of brain activations relative to soft-drink-
related cues even in the absence of an attentional bias. Addi-
tionally, due to the central presentation of the images in our
task, we cannot guarantee that stimuli were totally task

1964 KREUSCHET AL.



irrelevant in the so-called condition (i.e., when participants
had to process peripheral bars). Future studies should con-
firm our results with other types of displays or tasks. Finally,
we present preliminary data on a limited number of subjects,
such that subtle differences in brain activations might have
been missed.
In conclusion, our findings suggest that a similar pattern

of activation when heavy drinkers process alcohol-related or
soft-drink-related cues in an automatic fashion, with the
exception of the VTA which was particularly activated by
the processing of task-irrelevant alcohol-related cues.
Finally, low dose of alcohol did not modulate the neural sub-
strates involved in the processing of salient alcohol-related
cues. This study is the first to examine the brain correlates of
relatively automatic processing of alcohol-related cues rela-
tive to soft-drink-related cues in young heavy drinkers.
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