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Abstract

Rationale Dominant theoretical models postulate the presence of an automatic attentional bias (AB) towards alcohol-related
stimuli in alcohol use disorder, such AB constituting a core feature of this disorder. An early alcohol AB has been documented
in subclinical populations such as binge drinking (i.e., a drinking pattern prevalent in youth and characterized by repeated
alternation between alcohol intoxications and withdrawals, generating cerebral consequences). However, the automatic
nature of AB remains to be established.

Objectives We investigated the automatic nature of AB in binge drinkers through the saccadic choice task. This eye-tracking
paradigm consistently highlights the extremely fast and involuntary saccadic responses elicited by faces in humans, relative
to other object categories. Through an alcohol-related adaptation of the saccadic choice task, we tested whether the early
and automatic capture of attentional resources elicited by faces can also be found for alcohol-related stimuli in binge drink-
ers, as predicted by theoretical models.

Methods Forty-three binge drinkers and 44 control participants performed two versions of the saccadic choice task. In the
original version, two images (a face, a vehicle) were displayed on the left and right side of the screen respectively. Partici-
pants had to perform a saccade as fast as possible towards the target stimulus (either face or vehicle). In the alcohol-related
version, the task was identical, but the images were an alcoholic beverage and a non-alcoholic stimulus.

Results We replicated the automatic attraction towards faces in both groups, as faces generated higher saccadic accuracy,
speed, and amplitude than vehicles, as well as higher corrective saccade proportion. Concerning the alcohol-related adapta-
tion of the task, groups did not differ for the accuracy, speed, and amplitude of the first saccade towards alcohol. However,
binge drinkers differed from controls regarding the proportion of corrective saccade towards non-alcoholic stimuli after an
error saccade towards alcohol, suggesting the presence of an alcohol disengagement bias specific to binge drinkers.
Conclusions Alcohol-related AB in binge drinkers is not characterized by an early and automatic hijacking of attention
towards alcohol. This AB rather relies on later and more controlled processing stages, namely a difficulty to disengage
attentional resources from alcohol-related stimuli.
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(i.e., incentive salience) of the stimuli associated with alco-
hol use. Becoming more salient, these alcohol-related stimuli
automatically and rapidly grab drinker’s attention and result in
AB. This theory was then refined by a psychopharmacological
model (Franken 2003), suggesting that, when alcohol-related
stimuli are present in the environment, they increase the dopa-
minergic response in the reward circuit, which in turn serves
to automatically capture one’s attention towards those stimuli.
Such alcohol AB is thought to have clinical consequences, as
it would increase craving (i.e., the intense urge and desire to
consume alcohol), favor increased alcohol consumption, and
enhance relapse risk. Hence, AB would play a crucial role in
the onset and persistence of AUD and is now considered a key
process in this disorder. Indeed, current prominent models pos-
tulate that the over-sensitivity of the reward system, caused by
repeated alcohol use, makes the user highly reactive to alcohol-
related stimuli, this AB being considered an early, automatic,
and uncontrollable hijacking of attentional resources.
However, the empirical evidence supporting such strong
theoretical assumptions remains limited in AUD. Previ-
ous behavioral studies showed very heterogeneous findings
regarding the presence and extent of AB in the classical pop-
ulation of interest, namely recently detoxified patients with
severe AUD (for a review, see Bollen et al. 2022). Indeed,
some findings revealed the presence of AB in this clinical
population (e.g., Miiller-Oehring et al. 2019), but others rather
revealed an avoidance pattern (e.g., Townshend and Duka
2007), and most did not show any difference in the attentional
processing of alcohol-related stimuli compared with control
individuals presenting low/moderate alcohol consumption
(e.g., Field et al. 2013; Wiers et al. 2016). These disparate
findings might be partly explained by the heterogeneity (e.g.,
various stimuli presentation times) and low reliability (due
to reaction time measures; Ataya et al. 2012) of the AB para-
digms used, as well as by the lack of inclusion criteria (e.g.,
alcohol doses per week) for recruiting healthy controls. The
presence of alcohol-related AB appears more consistent in
subclinical populations (i.e., individuals presenting excessive
alcohol consumption but who do not present the diagnosis of
severe AUD), since AB was positively related with alcohol
use intensity in most studies conducted among social drinkers
(Albery 2015; Field et al. 2011) and was found to be stronger
in more specific drinking patterns (e.g., heavy or binge drink-
ers) compared to light drinkers (DePalma et al. 2017; Tib-
boel et al. 2010), especially in the presence of high subjective
craving (Bollen et al. 2020). Nevertheless, the inter-study
comparison is dampened by a lack of coherence regarding
the terminology and inclusion criteria to characterize these
drinking patterns. To address this issue, we will focus on
binge drinking, because it constitutes a clearly defined and
specific drinking pattern (Maurage et al. 2020) and because
it has been repeatedly associated with alcohol AB (Elton et al.
2021; Langbridge et al. 2019), thus constituting the ideal
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population to reliably test the features of AB in a subclinical
population. Popular in youth, binge drinking is characterized
by intense alcohol consumptions in short periods of time to
reach drunkenness (Lannoy et al. 2021). The repeated alter-
nation between intense intoxications and withdrawal periods
appears particularly harmful for the brain, leading to well-
established neuropsychological and cerebral negative effects
(Crego et al. 2009; Lannoy et al. 2019; Lopez-Caneda et al.
2013). The definition criteria for binge drinking usually rely
on the computation of a binge drinking score evaluating the
key characteristics of this habit: consumption speed, drunken-
ness frequency, and drunkenness ratio per drinking occasions
(Townshend and Duka 2002).

As mentioned above, a key models’ assumption is that
AB towards alcohol is early, involuntary, and automatic. To
date, studies focusing on the time course of AB in subclinical
populations revealed, however, that it mostly appears at later
and more controlled attentional stages (Bollen et al. 2022).
For example, Field et al. (2004) reported an alcohol-related
AB (i.e., shorter reaction times for probes appearing on the
side of the screen previously occupied by alcohol-related
stimuli) in heavy drinkers (compared to light drinkers) when
using the visual probe task, but only for stimuli with longer
presentation duration (i.e., 500-2000 ms versus 200 ms). The
maintenance of attention towards alcohol was also reflected
by specific assessments of disengagement processes of AB
through alternative paradigms (see Bollen et al. 2022 for a
detailed description): the spatial cueing task, the odd-one-out
task, and the selective attention/action-tendency task (Glad-
win et al. 2013; Heitmann et al. 2020; Sharbanee et al. 2013).
Such findings suggested that AB would be characterized by a
difficulty to disengage attention from alcohol-related stimuli
once detected, potentially caused by the disrupted activ-
ity of higher-level and controlled processes (i.e., inhibitory
control, executive functions; Carbia et al. 2018; Lees et al.
2019; Lopez-Caneda et al. 2014). The automaticity in AB,
postulated by dominant models, thus appears questionable in
these populations. Some discrepancies were however found
regarding the time course of AB when focusing on binge
drinkers. Indeed, binge drinkers showed delayed interferences
for color-naming alcohol-related words in an alcohol Stroop
task, reflecting an AB at later and more controlled stages of
processing (Hallgren and McCrady 2013), but were more effi-
cient to process alcohol-related cues at early encoding levels
in an attentional blink task, reflecting more automatic AB
processes (DePalma et al. 2017; Elton et al. 2021). A major
limitation of these previous studies is that they exclusively
relied on behavioral measures (i.e., manual reaction time)
showing very low reliability (Ataya et al. 2012). Beyond the
issue that such measures relied on hand movements and could
thus be biased by potential deficits in motor responses, infer-
ring AB through manual reaction time raises concerns since
it only provided information about where participants focused
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their attention at the specific time of probe onset, without
indexing the global stream and successive steps of attentional
processing involved in AB (Field and Cox 2008). Therefore,
their methodology did not allow determining whether this
bias relies on a genuine automatic hijacking of the attentional
resources by alcohol or whether it is rather characterized by an
increase in the controlled processing of alcohol-related stimuli
when consciously perceived.

To address this issue, recent studies used neuroscience
tools to determine the neural activation underlying the differ-
ent processes of alcohol-related AB. For example, the study
of brain electrical activity through electroencephalogram
(EEG) allows to measure the neurofunctional brain response
evoked by alcohol-related stimuli with high temporal resolu-
tion, thus providing major insights on the early brain pro-
cesses involved when exposed to alcohol-related stimuli
(Almeida-Antunes et al. 2022). Most EEG studies reported
consistent findings by showing higher alcohol-related cue
reactivity and altered inhibitory processes (e.g., Blanco-
Ramos et al. 2019; Petit et al. 2012; Ryerson et al. 2017).
Nevertheless, this method does not allow to investigate the
specific processes involved in the preferential allocation of
attentional resources towards alcohol-related stimuli when
confronted with neutral ones. Recent studies thus used eye-
tracking measures to directly and precisely assess and dis-
tinguish the successive cognitive processes underlying AB,
by detecting eye movements and gaze positions with a high
temporal and spatial resolution throughout the task (Popa
et al. 2015). Whereas manual reaction times only offer an
indirect AB measure (i.e., the final processing output), eye-
tracking allowed deepening the understanding of the time
course and core mechanisms of AB and enhancing the reli-
ability of its assessment (Bollen et al. 2020; Christiansen
et al. 2015). Eye-tracking findings suggested the presence
of alcohol-related AB in subclinical populations (e.g., heavy
or regular drinkers) at later processing stages, as indexed
by longer dwell times (i.e., overall fixation time) or higher
number of fixations towards alcohol-related stimuli (e.g.,
McAteer et al. 2015, 2018; Monem and Fillmore 2017).
While these studies did not index any early AB (e.g., alcohol
preference in the first fixation), they used free exploration
tasks with relatively long presentation times and without
any “attentional task” per se, which does not make them
suitable for measuring the early and automatic capture of
attention by alcohol-related stimuli. To date, only one study
(Bollen et al. 2020) has explored the time course of AB in
a specific population of binge drinkers, by combining the
visual probe task with eye-tracking. They documented an
AB among binge drinkers with high current craving, this
bias being related to late controlled attentional stages (i.e.,
longer dwell times for alcohol-related stimuli compared
to neutral ones). However, the visual probe task is usually
characterized by long stimuli presentation duration before

the appearance of the probe, with participants not receiving
any specific instruction on how to process these stimuli, thus
potentially masking the early processing stages of AB. The
present study will overcome this limit through a paradigm
specifically dedicated to the exploration of early and auto-
matic AB, namely the saccadic choice task, which will allow
the first specific exploration of AB automaticity.

This paradigm was initially developed to explore the
speed of visual processing (Kirchner and Thorpe 2006) and
was later adapted to address the speed of face processing
(Crouzet et al. 2010). Indeed, human faces are naturally
salient stimuli automatically capturing attention at very
early processing stages. In this saccadic choice task, two
images, a target (e.g., a face) and a distractor (e.g., a vehi-
cle), are simultaneously displayed on the left and right of
the screen. Participants have to perform a saccade as fast as
possible towards the target stimulus. Studies have repeat-
edly reported shorter saccadic latencies when the target is a
face (minimum saccadic reaction times of 100-120 ms for
face targets vs. 130—150 ms for other target categories, e.g.,
vehicles), demonstrating the presence of a very strong auto-
matic bias for faces compared to other stimuli (Crouzet et al.
2010; Guyader et al. 2017; Kauffman et al. 2019; 2021).
Furthermore, they also reported that participants made
more error saccades (i.e., saccades towards the distractor)
when the distractor was a face than when it was another
stimulus. These experimental results suggest that fast sac-
cades towards attention-grabbing stimuli (i.e., faces) are
automatic and beyond voluntary control. It should however
be noted that other paradigms that directly involved more
controlled processes (e.g., the antisaccade task) led to differ-
ent results, notably reporting that facial stimuli are easier to
avoid (i.e., generate stronger inhibitory control) than circles
or scrambled facial stimuli (Hoffmann et al. 2021). The sac-
cadic choice task constitutes an ideal paradigm to explore
the early preferential processing of specific stimuli. This is
further illustrated by the fact that, after an error saccade in
this task, participants present more frequent and faster cor-
rective saccades (i.e., second saccades directed towards the
target when first saccades were directed towards the distrac-
tor) when the target is a face (indexing a re-engagement bias
towards faces) than when it is another stimulus (indexing
a disengagement bias from faces, Kauffmann et al. 2019).
Finally, they explored the amplitude (i.e., distance between
the saccadic starting and ending points) of the saccade and
observed larger saccades directed towards faces (either as
target or distractor; Kauffmann et al. 2019), suggesting that
the content of the stimuli influences the programming of
saccade amplitude prior to its execution. As a whole, the
saccadic choice task constitutes a powerful paradigm to test
the early, automatic, and involuntary capture of attentional
resources by salient stimuli, and thus the presence of an AB
towards such stimuli.
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We thus used an adapted version of the saccadic choice task
with alcohol-related stimuli to explore the automatic aspects
of alcohol-related AB. If theoretical models’ assumptions
are correct, alcohol-related stimuli should hijack attentional
resources and generate the same response pattern than the
one reported above for faces (i.e., shorter saccadic latencies,
increased error saccades when alcohol-related stimuli are
the distractor, re-engagement and disengagement biases).
We investigated this assumption in binge drinkers, since
the presence of AB has been more consistently reported in
subclinical populations than among patients diagnosed with
severe AUD. The advantages of the saccadic choice task are
multiple. First, it is combined with eye-tracking, thus offering
more reliable AB measures than manual reaction times.
Second, it uses very short stimuli presentation times, thus
forcing participants to perform their saccade towards stimuli
as fast as possible and providing more insights regarding
the early processes of AB compared to paradigms with
longer presentation times. Finally, the assessment of the first
saccades and the corrective ones offers important insights on
the engagement, disengagement, and re-engagement aspects
of AB. We firstly administered the original version of the
saccadic choice task to all participants to ensure the absence
of any attentional dysfunction for the detection of highly
salient stimuli in binge drinkers. The simultaneous use of both
the original and the adapted alcohol version of the task led to
two hypotheses: (1) binge drinkers and control participants
will present the classical automatic capture of attention by
universally salient stimuli (i.e., faces); (2) this automatic AB
will also be present for alcohol-related stimuli among binge
drinkers (but not among control participants), as these stimuli
are supposed to acquire incentive salience in this population
(Robinson and Berridge 1993).

Methods
Participants

We recruited participants via an online screening survey sent
through social networks to students from UCLouvain (Bel-
gium). Participants had to fill in questionnaires assessing
alcohol-related disorders (Alcohol Use Disorders Identifica-
tion Test, AUDIT; Saunders et al. 1993; French validation:
Gache et al. 2005), binge drinking habits (i.e., consumption
speed, drunkenness frequency and ratio, number of binge
drinking episodes (i.e., drinking more than 6 units) per
week), socio-demographic (e.g., age, sex), and other alco-
hol consumption variables (i.e., number of alcohol units
consumed per week, number of units per occasion, number
of drinking occasions per week). Before completing them,
they were provided with information about equivalences in
terms of the number of alcohol units per type of alcoholic
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beverages (an alcohol unit corresponding to 10 gr of pure
ethanol in Belgium). To be included in the study, they had
to meet the following criteria: absence of parental history
of severe AUD, absence of current or past psychological or
neurological disorders, and normal or lens corrected vision.

For each participant, we then computed the binge drink-
ing score (Townshend and Duka 2005) by using the fol-
lowing formula: (4 X consumption speed) + drunkenness
frequency + (0.2 X drunkenness ratio). We recruited 44 binge
drinkers (BD; AUDIT score <20; binge drinking score >24;
2—4 drinking occasions per week; binge drinking episodes
per week > 1), and 45 control participants matched on gender
(CTL; AUDIT score < 8; binge drinking score < 16; units per
week < 10; units per occasion < 3; no binge drinking epi-
sodes). Regarding the sample size determination, no reliable
a priori power computation was possible as this study was
the first using the saccadic reaction time with alcohol-related
stimuli in a subclinical population. We thus decided to
include a larger sample size per group than all previous stud-
ies using this paradigm with facial stimuli among healthy
populations (Kauffmann et al. 2019; 2021), to increase our
ability to detect smaller effects of alcohol-related stimuli in
the second task.

All participants provided their informed written con-
sent before taking part in the study and were not aware of
the hypotheses tested. We performed the study protocol in
accordance with the ethical standards established by the
Declaration of Helsinki for experiments involving humans,
and the Ethics Committee of the Psychological Sciences
Research Institute (UCLouvain) approved it.

We asked participants to refrain from consuming alcohol
during the day preceding the experimental session, and we
questioned them about their recent consumption before start-
ing the experiment.! Before performing the two experimen-
tal tasks, we asked participants to fill in questionnaires using
Qualtrics software (Qualtrics, LLC), assessing state anxi-
ety (STAI-A) and current alcohol craving (Alcohol Craving
Questionnaire Short Form Revised, ACQ-SF-R and Craving
Visual Analogue Scale, C-VAS: “Indicate how much you
want to drink alcohol right now (from 0=not wanting at all,
to 100 =terribly wanting)”’). To control for psychopathologi-
cal comorbidities, they filled in other questionnaires between
the tasks assessing depressive symptoms (Beck Depression

! We performed correlations between alcohol consumption dur-

ing the day before the experiment (i.e., number of alcohol units) and
alcohol-related AB, since previous studies showed that acute alco-
hol consumption could induce alcohol-related AB in social drinkers
(Duka & Townshend, 2004). For the alcohol vs. flower task, results
showed no correlation with the accuracy of the first saccade (r=.180,
p=.103), the proportion of corrective saccade (r=.148, p=.183), the
latency of the first saccade (r= —.087, p=.432), or the latency of the
corrective saccade (r=.113, p=.307).
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Inventory, BDI-II; French validation: Beck et al. 1998) and
anxiety (State-Trait Anxiety Inventory, STAI A-B; French
validation: Bruchon-Schweitzer and Paulhan 1993). At
the end of the experiment, we debriefed participants, who
received financial compensation.

Stimuli

Stimuli were 128 colored pictures depicting human faces,
vehicles, alcoholic beverages, or flowers with context (32
pictures of each category), extracted from the free-from
copyright “Pixabay” stock image base (https://pixabay.
com/) under CCO License. We chose the faces, vehicles,
and flower pictures from the stimuli used in Kauffman et al.
(2019; 2021) that were matched on perceptual features such
as luminance and RMS contrast.? Faces were presented
with vehicle pictures to replicate the version of the saccadic
choice task used in Kauffmann et al. (2019). In the alcohol
saccadic choice task, we chose flower pictures as neutral
stimuli instead of non-alcoholic beverage pictures since
they sufficiently differ from alcoholic beverages in terms of
shape and are not related with alcohol through associative
learning, contrarily to non-alcoholic beverages (e.g., orange
juice might hijack attentional resources through its visual
similarity with alcoholic cocktails). Moreover, we conducted
preliminary tests showing that the use of flower stimuli com-
pared with alcohol stimuli facilitated the categorization of
the two stimuli, resulting in a similar level of difficulty than
the initial face vs. vehicle task, thus increasing the compa-
rability across tasks. Finally, a previous study comparing
face with flower pictures in a saccadic choice task showed
that they were appropriate neutral stimuli as they elicited
similar saccadic performance than vehicle pictures and did
not contain features salient enough to capture attention like
faces (Kauffmann et al. 2021). All pictures were matched
on size (600 x 600 pixels; 11 x 11° visual angle) and spatial
position of the main object in the picture.

Procedure

Stimuli were displayed using the Psychtoolbox (Brainard
1997; Pelli 1997) implemented in MATLAB R2021a (Math-
Works, Natick, MA, USA) against a gray background (lumi-
nance of 0.44). Participants seated on a desk chair placed

2 Alcohol-related pictures presented higher relative luminance

(0.51+0.12 vs. 0.42+0.12; t;,=2.943, p=.005, d=.736) than
flower pictures, but they were matched on RMS contrast (p=.394).
This resulted in 72% of trials containing a pair of stimuli with
alcohol-related pictures showing higher relative luminance than
flower pictures. This difference however did not interfere with par-
ticipants’ performance, as saccadic reaction time of the first saccade
did not correlate with the relative luminance of the picture fixated
(r=-.060, p=.576).

60 cm away from an Asus Display Laptop PC equipped
with a 17.3-inch FHD screen (resolution 1080 1920 pix-
els; refresh rate 120 Hz) and facing an eye tracker camera.
We used a chinrest to stabilize participants’ head position,
and we recorded eye movements using the pupil-corneal
reflection and remote mode of an EyeLink Portable Duo eye-
tracker (SR Research, Canada; sampling rate of 1000 Hz;
average accuracy range 0.25-0.5°, gaze tracking range of
32° horizontally, 25° vertically). Eyelink software auto-
matically detected saccades with the following thresholds:
speed > 30°/s, acceleration > 8000°/s2, and saccadic dis-
placement > (.15°. Blinks were detected during partial or
total occlusion of the pupil. A 9-point calibration of par-
ticipant’s eye gaze position was set up at the beginning of
each block.

All participants completed two experimental phases con-
sisting of the face vs. vehicle saccadic choice task and the
alcohol vs. flower saccadic choice task. They received verbal
instructions to perform the tasks, without being informed
about their rationale. All participants systematically started
by performing the face vs. vehicle saccadic choice task,
which was replicated from Kauffmann et al. (2019, 2021)
and Guyader et al. (2017). The task comprised two blocks,
one for which the targets were images containing human
faces (the distractors being vehicle images) and the other one
for which the targets were images containing vehicles (the
distractors being human face images). In a second phase,
participants underwent the alcohol vs. flower saccadic choice
task, with one block presenting alcoholic beverages as tar-
gets (and flowers as distractors) and the other block present-
ing flowers as targets (and alcoholic beverages as distrac-
tors). We asked participants to make a saccade as fast as
possible towards the target image. We counterbalanced the
order of blocks within the tasks to avoid potential learning
and/or training effects.

At the beginning of each trial, a white fixation cross sub-
tending 0.73° of visual angle was displayed centrally on a
gray background screen (mean luminance of 0.5 for pixel
intensity values between 0 and 1). We used the fixation cross
as drift check to confirm the reliability of the eye-gaze cali-
bration. This instruction ensured that participants initially
focused their visual attention at the center of the screen in
each trial. We carried out a drift correction every ten trials.
The fixation cross was followed by a gap (mean gray-level
screen) of 200 ms. Two images (a target and a distractor)
were then simultaneously displayed on the left and right
side of the central fixation cross for 400 ms. The center of
each image was lateralized at 8° from the screen center. The
inter-trial interval (uniform gray background) was fixed at
1000 ms (Fig. 1). Each block comprised 64 trials, with each
image being presented twice, once on the left side and once
on the right side, randomly. Each block lasted approximately
5 min and the total experimental task lasted 20 min.
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Fig. 1 Time course of a trial
in the face vs. vehicle (a) and

alcohol vs. flower (b) saccadic
choice tasks

]
ﬁ nﬂ.

400ms | 400ms

Statistical analyses

We performed the same data reduction procedure than Kauft-
mann et al. (2021) by removing trials in which (1) a blink
occurred during stimulus presentation, (2) saccadic latencies
were shorter than 50 ms, (3) saccades were initiated from
more than 2° around the fixation cross, (4) saccades had an
amplitude below 1°, or (5) saccade durations were above
100 ms. These criteria were based on the distributions of
eye movement parameters consistently reported in the lit-
erature (e.g., Devillez et al. 2020). This procedure resulted
in removing two participants (1 BD, 1 CTL), as more than
half of their trials were invalid (due to poor calibration), and
discarding 8.38% of the trials from the remaining partici-
pants. It should be noted that the percentage of remaining
trials was similar between groups (BD: 92.59+0.06%; CTL:
90.68 +0.08%; tg5=1.219, p=0.226) and was higher than
those reported in previous studies using the same paradigm,
thus ensuring the validity of our experimental procedure. We
performed all statistical analyses using MATLAB R2021a
(MathWorks, Natick, MA) and R (R Core Team, 2021).
We performed between-group comparisons (i.e.,
independent t-tests) on demographic, psychopathological
characteristics and alcohol consumption variables. We
analyzed the error rate (percentage of erroneous saccadic
movement), latency (in milliseconds from the onset of
stimuli—also called saccadic reaction time, SRT), and
amplitude (distance between the positions of the start and
the end of saccades, in degrees of visual angle) of the first
saccade. We also examined whether erroneous first saccades
were followed by corrective saccades. When applicable, we
analyzed the proportion (%) and SRT of corrective saccades.
We considered saccades as corrective if they ended on the
target side of the display. For both tasks (face vs. vehicle,
alcohol vs. flower), we performed analyses of covariance
(ANCOVAs) with target (alcohol or face, flower or vehicle)
as within-subject factor, group (BD, CTL) as between-subject
factor and age as covariate (as age differed across groups,
see below). We performed them on eye-tracking measures
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related to the first saccade (accuracy, SRT, amplitude) and the
corrective saccade (proportion, SRT) when applicable. We
conducted post hoc tests (independent samples t-tests) for the
interpretation of significant target X group interactions. We
estimated effect sizes by calculating partial eta-squared (npz)
for ANCOVAs and Cohen’s d for post hoc t-tests. We also
reported in Supplementary material (1) results for the alcohol
vs. flower task when including only control participants with
AUDIT score <4 to exclude any women participants with
potential risky drinking, (2) methods and results regarding
the minimum SRT for both tasks, and (3) methods and
results for the exploratory correlations between eye-tracking
measures (i.e., accuracy and SRT of the first saccade,
proportion of corrective saccades) and alcohol consumption
(i.e., AUDIT and binge drinking scores, craving).

Results

Demographic, psychopathological,
and alcohol-related measures

As shown in Table 1, binge drinkers were younger (f35=2.288,
p=0.025, d=0.491) and reported higher craving as assessed
through VAS (#3,=3.096, p=0.003, d=0.668) or ACQ
(tg4=4.156, p<0.001, d=0.896) than controls. Groups did
not significantly differ regarding gender ratio (X22,87 =0.988,
p>0.500), state anxiety (p =0.580), trait anxiety (p=0.087),
and depression (p=0.295).

Face vs. vehicle saccadic choice task (Fig. 2)

Accuracy

The 2x2 ANCOVA on mean error rates for the first saccade
revealed a main effect of target (F; g,=88.78, p<0.001,

np2 =0.514). Participants made significantly less error saccades
when the target stimulus was a face (14.05 +8.96%) than when it
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Table 1 Group differences BD (N=43) CTL (N=44) tory p-value
on demographic,
psychopathologicgl, and Demographic measures
alcohol consumption measures Sex ratio (female/male) 24/19 24/20 989 610
(mean =+ standard deviation)
between binge drinkers (BD) Age 20.88+1.94 22.07+2.80 2.298 .024
and control participants (CTL) Psychopathological measures
Beck Depression Inventory 5.21+4.26 4.28+3.92 1.054 295
State Anxiety Inventory 33.53+10.02 32.44+8.15 .555 .580
Trait Anxiety Inventory 43.56+10.26 39.86+9.54 1.731 .087
Alcohol consumption measures
Alcohol use disorder identification test 15.65+6.02 3.36+2.10 12.645 <.001
Binge drinking score 43.27+21.22 5.64+4.13 11.419 <.001
Craving (Visual Analogue Scale) 18.30+18.59 7.58+13.04 3.096 .003
Craving (Alcohol Craving Questionnaire) 31.77+11.22 22.63+9.06 4.156 <.001
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Fig.2 a Mean accuracy (in percentage of correct saccadic responses)
of the first saccades, b mean latency or saccadic reaction time (in mil-
liseconds) of the first correct saccades, ¢ mean amplitude (in degrees)
of the first correct saccades, d mean proportion of corrective sac-

was a vehicle (24.61 +12.94%). We observed neither group effect
(p=0.644), nor interaction between group and target (p=0.589).

Latency and amplitude of the correct first saccade

The 2x2 ANCOVA on mean SRT for the correct first saccade
showed a main effect of target (F, g,=139.22, p<0.001,
np2 =0.624). Participants initiated their correct first saccade
faster when the target stimulus was a face (180420 ms) than

Target

vehicle

cades, and e mean latency or saccadic reaction time (in milliseconds)
of corrective saccades according to the target category (face, vehicle)
and the group (BD, CTL). Error bars correspond to+1 SE

when it was a vehicle (203 26 ms). We observed neither
group effect (p=0.578), nor interaction between group and
target (p=0.657). The 2x2 ANCOVA on mean amplitude
for the correct first saccade showed a main effect of target
(F84=124.95, p<0.001, np2 =0.598). Participants performed
a longer correct saccade when the target stimulus was a face
(7.62 £0.53°) than when it was a vehicle (7.03 +£0.72°). We
observed neither group effect (p =0.237), nor interaction
between group and target (p=0.986).
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Proportion and latency of the corrective second saccade

The 2x2 ANCOVA performed on proportion of corrective
saccades revealed a main effect of target (F,g,=5.08,
p=0.027, np2 =0.058). Participants made significantly more
corrective saccades when the target stimulus was a face
(89.97 +£17.73%) than when it was a vehicle (83.72+15.27%).
We observed neither group effect (p =0.404), nor interaction
between group and target (p =0.775). The 2x2 ANCOVA
performed on mean SRT for the corrective saccade revealed
a main effect of target (Fi = 20.41, p<0.001, nP2 =0.201).
Participants initiated their corrective saccade faster when
the target stimulus was a face (110+23 ms) than when it
was a vehicle (122419 ms). We observed neither group
effect (p=0.737), nor interaction between group and target
(p=0.064).

Alcohol vs. flower saccadic choice task (Fig. 3)
Accuracy
The 2x2 ANCOVA on mean error rates for the first saccade

revealed no main effect of target (p=0.276), group (p=0.599),
or interaction between these two factors (p =0.849).

(a) Accuracy of first saccades

(b) SRT of first correct saccades

Latency and amplitude of the correct first saccade

The 2x2 ANCOVA on mean SRT for the correct first sac-
cade showed a main effect of target (F; g,=7.51, p=0.007,
np2 =0.082). Participants initiated their correct first saccade
faster when the target stimulus was an alcoholic beverage
(191 £+ 26 ms) than when it was a flower (197 +£27 ms). We
observed neither group effect (»p =0.573), nor interaction
between group and target (p=0.987). The 2x2 ANCOVA
on mean amplitude for the correct first saccade showed no
main effect of target (p =0.726), group (p =0.194), or inter-
action between these two factors (p =0.157).

Proportion and latency of the corrective second saccade

The 2x2 ANCOVA performed on proportion of corrective
saccade revealed a significant interaction between target
and group (F, 44=35.96, p=0.017, np2 =0.066). Post hoc
independent sample t-tests showed that binge drinkers
made fewer corrective saccades than controls when the
target stimulus was a flower (BD: 63.15+22.22%; CTL:
73.71+21.61%; tg5=2.248, p=0.027, d=0.482), but groups
did not differ when the target stimulus was an alcoholic
beverage (p=0.868). We observed neither target (p=0.401)
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Fig.3 a Mean accuracy (in % of correct saccadic responses) of the
first saccades, b mean latency or saccadic reaction time (in millisec-
onds) of the first correct saccades, ¢ mean amplitude (in degrees) of
the first correct saccades, d mean proportion of corrective saccades,
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nor group (p=0.322) effects. The 2x2 ANCOVA performed
on mean SRT for the corrective saccade revealed no main
effect of target (p =0.462), group (p=0.971), or interaction
between these two factors (p=0.815).

Discussion

Dominant theoretical models hypothesized the presence of
an automatic AB towards stimuli with acquired salience (e.g.,
alcoholic beverages) in chronic drinkers. Such bias is not con-
sistently documented in the literature, since previous studies
showed heterogeneous findings among individuals with severe
AUD (Bollen et al. 2022). While the literature is more con-
sistent in subclinical populations, most studies showing the
presence of an alcohol-related AB, its automaticity remains
to be proven. We thus applied the saccadic choice paradigm,
commonly used to evaluate AB towards faces, in a popula-
tion of binge drinkers and matched controls to investigate the
automatic aspects of the alcohol-related AB.

First, we replicated previous findings regarding AB
towards faces, since both groups processed these stimuli
more rapidly and efficiently compared to vehicles (Guyader
et al. 2017; Kauffmann et al. 2019; 2021). Indeed, they
made less incorrect saccades and performed quicker and
larger first saccades when the target was a face than when it
was a vehicle. Corrective saccades were also more frequent
and rapid when faces were the targets. By replicating these
findings in both binge drinkers and control participants,
we showed that (1) saccadic choice task constitutes a valid
eye-tracking paradigm to evaluate the automatic nature of
AB, and (2) binge drinkers have an automatic preference
for processing faces similar to control participants, and do
not present any generalized dysfunction of the impulsive/
reward system responsible for the detection of salience
(Franken 2003). The similar performance between groups
is in line with King and Byars (2004), who showed that
heavy drinking habits did not impact the saccadic latency
and velocity measured in a prosaccade task.

Second, in contradiction with theoretical models’ predic-
tions, we found no early, automatic, and involuntary hijack-
ing of attention provoked by alcohol-related stimuli (indexed
by the accuracy and latency of the first saccade) specific to
binge drinkers, since our findings revealed shorter SRT for
alcohol-related stimuli in both groups. Whereas our find-
ings regarding facial stimuli clearly demonstrate the sac-
cadic choice task as an appropriate measure of the automatic
hijacking processes related to AB, further research could
explore the involuntary aspects of attentional processing by
using other paradigms and/or measures. For example, other
saccadic paradigms are known to explicitly request to inhibit
saccadic responses towards alcohol when no second stimulus
is on the target side of the screen, thus directly involving

both automatic and controlled processes (e.g., antisaccade
task; Hoffmann et al. 2021). In the same line, recent studies
investigated the interaction between automatic (e.g., alco-
hol cue-reactivity) and controlled (e.g., inhibition abilities)
processes in binge drinkers at the electrophysiological level,
thus providing important insights on the underlying pro-
cesses of the mechanisms related to AB (i.e., alcohol-related
cue-reactivity; Almeida-Antunes et al. 2022; Blanco-Ramos
et al. 2019; Lannoy et al. 2020). Beyond these perspectives,
our findings already showed that binge drinkers had more
difficulty to disengage from alcohol-related stimuli when
their gaze was erroneously directed towards alcohol. Indeed,
they corrected less frequently their saccade than control
participants after having performed an error first saccade
towards alcohol-related stimuli when the target was a flower,
revealing the presence of a late and controlled disengage-
ment bias related to alcohol cues. While the presence of
a disengagement bias in subclinical drinkers was already
demonstrated in previous studies (Gladwin et al. 2013;
Heitmann et al. 2020; Sharbanee et al. 2013), we strengthen
these findings through the use of an eye-tracking paradigm
in a specific population of binge drinkers.

These joint results thus demonstrate that AB in binge
drinkers is not characterized by an automatic capture of
attention by alcohol-related cues but by an increased will-
ingness to process these cues once detected. In line with
previous studies (Field et al. 2004; Hallgren and McCrady
2013), we thus suggest that alcohol-related AB relies on
late and controlled processes rather than early and auto-
matic ones. The different effect between faces and alco-
holic beverages might be partly explained in terms of dif-
ferential exposure and behavioral relevance between these
two classes of stimuli during life. Faces stimuli are salient
for humans since the very beginning of life, as the human
brain requires to quickly detect and preferentially process
those socially relevant stimuli to interact with other indi-
viduals. Conversely, the increased salience properties of
alcohol-related stimuli would result from repeated alcohol
exposures and are thus acquired through alcohol-related
experiences (Robinson and Berridge 1993). As we tested
young binge drinkers who have been usually drinking for
a few years only, alcohol-related AB might thus not have
achieved an automatic stage yet. Future research should test
the automatic aspects of alcohol-related AB in individuals
with severe AUD, since this population has been exposed
to excessive and chronic alcohol consumption for a longer
time and might thus have developed an automatic capture
of attention for alcohol-related stimuli. Nevertheless, this
remains to be established as most previous studies did not
show any strong and stable AB among patients with severe
AUD compared to light drinkers, some of them even reveal-
ing an avoidance AB (Bollen et al. 2022). While the aim
of this study was to determine whether the automatic AB
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for faces could also be found for alcohol-related stimuli in
binge drinkers, future studies should also directly compare
the attractiveness of faces versus alcoholic beverages by con-
fronting these two types of stimuli in different populations
of drinkers. Indeed, alcohol-related stimuli could reduce or
counter the AB towards faces, although our results suggest
that the incentive salience of alcohol is much lower than the
one for faces in binge drinkers.

Limitations

First, whereas the number of trials per block chosen in pre-
vious studies using the saccadic choice task (Guyader et al.
2017; Kauffmann et al. 2019; 2021) was sufficient to explore
AB towards highly attractive stimuli like faces, it might have
been too small to detect more subtle effects from less salient
stimuli like alcoholic beverages. Second, the shorter SRT
for alcohol-related stimuli in both groups could be partly
explained by the higher luminance of the alcohol-related
stimuli compared to flower stimuli. Moreover, while the size
of the pictures was standardized, we did not control for the
size of the main object within the alcohol-related and flower
pictures, although bigger stimuli are known to be detected
easier and faster (Hoffmann et al. 2021). Finally, the use
of flower rather than non-alcoholic beverages as neutral
stimuli, although justified by physical aspects, did not allow
for dissociating the alcohol-related and appetitive nature of
alcoholic beverage pictures. Nevertheless, these potential
effects should be found in all participants, and thus would
not impact the target X group interactions we were interested
in to detect the presence of an automatic alcohol-related AB
specific to binge drinkers.

Conclusion

The present study demonstrates that, while binge drinkers
present a preserved early salience processing (as confirmed
by the replication of the effects previously established for
faces), the AB towards alcohol-related stimuli in binge
drinking is not characterized by an automatic capture of
attention but rather appears on later and more controlled
attentional processing stages.
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