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Abstract

In severe alcohol use disorder (SAUD), attentional bias refers to the preferential allocation of
attentional resources toward alcohol-related cues. Dominant models consider that this bias
plays a key role in the emergence and maintenance of SAUD. We evaluate the available
experimental support for this assumption through a systematic literature review, providing a
critical synthesis of studies exploring the links between alcohol consumption and attentional
bias. Using PRISMA guidelines, we explored three databases (PsycINFO, PubMed, Scopus)
and extracted 95 papers. We assessed their methodological quality and categorized them
based on the population targeted, namely patients with SAUD or subclinical populations with
various drinking patterns. We also classified papers according to the measures used (i.e.,
behavioral or eye-tracking measures). Overall, subclinical populations present an alcohol-
related bias, but many studies in SAUD did not find such bias, nor approach/avoidance
patterns. Moreover, attentional bias fluctuates alongside motivational states rather than
according to alcohol use severity, which questions its stability. We provide recommendations

to develop further theoretical knowledge and overcome methodological shortcomings.

Keywords: attentional bias, severe alcohol use disorder, social drinkers, alcohol consumption
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1. Introduction

Excessive alcohol use constitutes a major public health concern, being a key contributor
to the burden of disease and mortality worldwide (Rehm et al., 2017). Severe alcohol use
disorder (SAUD) is among the most prevalent psychiatric conditions (Rehm & Shield, 2019),
and has well-established physical (Nutt et al., 2010), cognitive (Stavro et al., 2013), and
cerebral (Buhler & Mann, 2011) consequences. Beyond SAUD, recent research showed an
association between excessive alcohol use patterns (e.g., heavy, hazardous or binge drinking)
and physical or mental health issues (Hermens et al., 2013; Jacobus & Tapert, 2013). These
results suggested that some deleterious consequences of alcohol arise before the emergence

of SAUD.

Dual-process models are among the dominant theoretical proposals conceptualizing the
persistence of alcohol use (Wiers et al., 2007). They postulate that decision-making is
determined by the interaction between: (1) the ‘“reflective system”, responsible for the
deliberative and controlled responses, and (2) the “impulsive system”, that initiates the
automatic and appetitive behaviors (Mukherjee, 2010). SAUD would emerge from an
imbalance, generated by the under-activation of the “reflective system” (resulting in reduced
executive control and working memory abilities), and the over-activation of the “impulsive
system”, inducing alcohol craving and attentional bias (AB) toward alcohol-related stimuli
(Bechara, 2005; Wiers et al., 2007). Other neuroscientific theories of addictive states have
underlined the key role played by the over-activation of the impulsive or reward system when
confronted with substance-related stimuli. According to the incentive-sensitization theory (IST;
Robinson & Berridge, 1993), the repetition of alcohol exposures sensitizes the dopaminergic
response in brain reward areas, enhancing the incentive-motivational properties of alcohol-
related cues through associative learning. Becoming more salient, these cues hijack

consumer’s attention (generating an alcohol-related AB), acquire an attractive and desirable
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value, and guide behavior toward alcohol consumption. Most theoretical frameworks thus
assume that AB, indexing the over-activation of the impulsive system, is a central feature of
SAUD: AB would progressively emerge as a consequence of classical conditioning (according
to learning models) and/or through repeated alcohol exposure reducing top-down control
(according to dual-process models) and would then constitute a long-lasting characteristic of
SAUD once established. Therefore, a first shared prediction of dominant theoretical models is
that alcohol AB should be observed in most excessive drinkers, and that its magnitude would
be related to the frequency and severity of alcohol exposure (for further discussion about
current models’ predictions, see Field et al., 2016). That is, individuals with SAUD would
present a stronger alcohol-related AB than less intense drinkers. Moreover, a central tenet of
these models is that these neuroadaptations (e.g. dopaminergic sensitization; Robinson &
Berridge, 1993), resulting in alcohol-related AB, would be stable (i.e. constantly present once

instantiated), and possibly permanent in individuals with an history of excessive alcohol use.

Nevertheless, narrative reviews (Christiansen et al., 2015a; Field et al., 2014) have
raised doubts regarding AB stability. Indeed, they have underlined the presence of AB
fluctuations, particularly according to current motivational states affected by environmental and
internal factors (e.g., stress, subjective craving or alcohol cue exposure). The IST had already
suggested a positive association between AB and subjective craving, both processes being
defined as emotional and cognitive outputs of the sensitized dopaminergic system. An
extension of this model (Franken, 2003) further depicts a mutual excitatory relationship
between these two processes: when alcohol-related cues (e.g., sights, smells) become the
focus of attention, subjective craving increases, which, in turn, enhances the “attention-
grabbing” properties of the cues, leading to a vicious circle ultimately leading to alcohol
consumption (Field et al., 2008). Therefore, a shared prediction by existing theories is that AB

reflects an underlying appetitive motivational process, and is thus positively associated with
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subjective craving. Consequently, motivational state might influence the expression of AB
(Robinson & Berridge, 1993). However, these models postulated that AB is constantly present
in individuals with alcohol use disorder once the alcohol-related cues have acquired incentive
salience. Hence, while they recognize that AB might slightly vary between or within individuals
according to their motivational state, they assume that the attentional processing of these cues

strongly differs from healthy subjects, regardless of the current motivational state.

Finally, the involvement of appetitive motivational processes in AB does not exclude a
potential influence of aversive motivational processes and motivational conflict (i.e.,
ambivalence between appetitive and aversive processes) in AB (Field et al., 2016).
Specifically, people who want to reduce their alcohol consumption might experience aversion
or ambivalence about alcohol-related cues, and thus evaluate them negatively. Consequently,
those people may attempt to override their alcohol-related AB in order to regulate their
emotional response or subjective craving. SAUD patients recently or currently involved in a
detoxification process and hence attempting to remain abstinent might exhibit a pattern of AB
that is qualitatively different from the one seen in heavy drinkers, who are not attempting to
abstain or reduce their drinking. An alternative theoretical account thus emerged whereby AB
is the expression of the momentary motivational evaluation of substance-related stimuli (Field
et al., 2016). Specifically, AB would arise from momentary changes in evaluations of these
stimuli that can be positive (when the incentive value of the substance is high), negative (when
individuals have a goal to stop drinking), or both (when individuals experience motivational
conflict). These evaluations of substance-related stimuli could highly fluctuate between and
particularly within individuals, questioning previous conceptualizations of alcohol AB as a
relatively stable characteristic of alcohol use disorder once established (Robinson & Berridge,

1993; Wiers et al., 2007).
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Capitalizing on the proposal that AB constitutes a key factor in alcohol use disorder,
numerous experimental paradigms have emerged to quantify this bias (Table 1). Most tasks
indirectly assess AB by comparing reaction times (RT) for alcohol-related cues to those for
neutral cues. An initial narrative review of these studies presented encouraging results (Field
& Cox, 2008): in line with dominant models, the authors suggested that alcohol-related AB is
developed through classical conditioning and presents relationships with key alcohol-related
factors (e.g., craving, impaired executive functions, abstinence motivation). Meta-analyses
further demonstrated a weak but significant relationship between substance-related AB and
craving or impulsivity (Field et al., 2009; Leung et al., 2017). However, other narrative reviews
highlighted serious methodological and statistical limitations in studies linking AB and alcohol
use (Christiansen et al., 2015a; Field et al., 2014). Indeed, the RT measures - derived from
the most commonly used paradigms [i.e., visual probe task (VPT) and alcohol Stroop task] -
show poor internal reliability (Ataya et al., 2012). Moreover, inferring AB exclusively through
RT raises concerns, such measures only offering information about the location at which
participants focused their attention at the specific time of probe onset, without indexing the
global stream and successive steps of attentional processing involved in AB (Field & Cox,
2008). The interpretation of the direction of AB could be particularly ambiguous when using
the modified Stroop task, as attempts to avoid processing alcohol-related words might also
result in Stroop interferences for such words (Klein, 2007). A recent paper (Pennington et al.,
2021) listed these methodological shortcomings, including the use of unreliable tasks and
inappropriately matched control stimuli, or the high variability in design and statistical analyses
across studies. An enhanced understanding of AB, beyond unreliable behavioral measures, is
therefore needed to refine theoretical models. Such refining would clarify the genuine role
played by AB in alcohol use disorders and could promote new interventions to reduce AB. The

efficacy and clinical relevance of AB modification interventions in SAUD have been extensively
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discussed elsewhere (for reviews, see Boffo et al., 2019; Christiansen et al., 2015a; Cristea et

al., 2016; Heitmann et al., 2018; Wiers et al., 2018) and will thus not be reviewed here.

One way to determine the genuine usefulness of AB paradigms for applied research is
to disentangle the processes involved in AB through innovative measurement tools such as
eye-tracking. This non-invasive technique measures the consecutive gaze positions with a
high temporal resolution, informing on the time course of eye movements (Popa et al., 2015).
Indeed, eye-tracking studies can measure (1) the initial attentional capture occurring quickly
and early during a trial, through first saccadic latency (time between stimulus onset and the
start of the first saccade) and first area of interest visited (first zone of the stimulus targeted by
a fixation); (2) processes related to the controlled maintenance of attention, through dwell time
(overall fixation time on each area of interest) and number of fixations (number of times a
fixation is made on an area). The combination of eye-tracking with behavioral tasks thus
clarifies the spatial and temporal dynamics of AB and assesses the automatic nature of AB,
postulated by dominant models. According to dual-process models, AB is considered as a
behavioral output of impulsive system’s over-activation, giving rise to automatic and
uncontrolled behaviors (Wiers et al., 2007). Hence, AB should be related to early involuntary
processing stages, which can be distinguished from later and more controlled processes
through eye-tracking indexes. A recent systematic review focusing on eye-tracking studies
(Maurage et al., 2021) showed incoherent results regarding the modulation of AB by drinking
habits. Young heavy drinkers presented a robust AB toward alcohol-related stimuli, as indexed
by dwell time, while individuals with long-term abstinence did not show such AB. Moreover,
the alcohol-related AB was increased by alcohol expectancy, craving and ambivalence in some
studies, but not in others. AB was mostly observed at the late and controlled stages of
attentional processing (i.e. longer dwell time for alcohol), raising doubts about its automatic

and uncontrolled nature. Finally, some researchers developed novel paradigms to enhance
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the reliability of AB measures and explore its underlying components (i.e. attentional
engagement, shift or disengagement; Heitmann et al., 2020; 2021; Sharbanee et al., 2013).
Such approach could help to determine whether AB is also characterized by a difficulty to
disengage attention from alcohol-related stimuli, beyond the increased attentional engagement

towards these stimuli (Field et al., 2016; Soleymani et al., 2020).

Our paper provides the first comprehensive and systematic review of studies conducted
during the last two decades on alcohol drinkers to explore the association between alcohol-
related AB and alcohol consumption through behavioral and eye-tracking measures. Following
preferred reporting items for systematic reviews and meta-analyses (PRISMA) guidelines, we
compared studies investigating the impact of alcohol use on alcohol-related AB in SAUD and
subclinical populations, and assessed their methodological quality. We addressed the three
main theoretical issues identified above: (1) the presence of alcohol-related AB in alcohol
drinkers and its links with alcohol use intensity; (2) the time course of AB (from early to later
processing stages) and its underlying attentional processes (attentional engagement, shift or
disengagement); (3) the stability of the bias according to momentary motivational states. We
thus selected studies exploring the relationship between alcohol-related AB and alcohol
consumption, and also focused on the specific influence of variables related to motivational
state. Finally, we evaluated the methodology of the reviewed studies and the added usefulness

of eye-tracking to enhance the reliability of AB measures.

2. Methods

2.1.  Articles selection

2.1.1. Eligibility criteria

We used the PICOS procedure (Population, Intervention/Exposure, Comparator,

Outcome, Setting; Liberati et al., 2009) to determine the inclusion criteria. Regarding the
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Population, we only considered studies on human samples, which had to include (a)
participants identified as presenting excessive alcohol consumption, determined through
standardized diagnosis tools (e.g., DSM-5 criteria for alcohol use disorder) or through alcohol
consumption measures with validated cut-offs [e.g., score higher than 7 at the Alcohol Use
Identification Test (AUDIT, Saunders et al., 1993), indexing risky consumption], or (b) a valid
measure of alcohol consumption [e.g., AUDIT; Timeline Followback (TLFB, Sobell and Sobell,
1992)] and the analysis of this measure as a main variable. We thus excluded animal studies
and studies in which alcohol-related measures were only considered as control/secondary
variables. Regarding the Intervention/Exposure, we selected studies if they included a
validated measure of previous alcohol consumption (i.e., lifetime/recent alcohol exposure).
Regarding the Comparator, studies were considered if they offered a direct comparison
between an experimental group with alcohol exposure and a matched control group with
no/limited alcohol consumption, or a main analysis including alcohol-related measures (e.g., a
correlational analysis exploring the influence of alcohol consumption on dependent variables).
Regarding the Outcome, we included studies if they proposed an alcohol-related AB measure
as a dependent variable. Regarding the Setting, only studies proposing comparisons between
groups or experimental conditions (i.e., interventional, observational, cross-sectional) were
considered, thus excluding single-case or case series studies, as well as studies without
experimental data (i.e., review, meta-analysis, reply, commentary, erratum, conference

proceedings, study protocol).

2.1.2. Literature search

We conducted this systematic review following the PRISMA guidelines. We conducted
an electronic database search using three databases (PsycINFO, Pubmed, Scopus). The
procedure focused on peer-reviewed articles published in English between January 15t 2000

and July 121 2021. The search phrase combined AB words (i.e., "bias*" AND “attention*”) and
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a large range of alcohol-related terms (i.e., "alcoholism" OR "alcohol dependence" OR "alcohol
use disorder" OR "binge drink*" OR "heavy drink*" OR "social drink*" OR "episodic drink*" OR
"college drink*" OR "alcohol”). The initial search identified 1089 papers (299 in PsycINFO, 216

in Pubmed, 574 in Scopus).

We then selected the papers according to a 3-step procedure (Figure 1): First,
duplicates were removed, leading to the identification of 619 unique papers. Second, title and
abstracts were screened, and papers presenting at least one of the following exclusion criteria
were removed: (1) no experimental data; (2) no human sample (i.e., animal study); (3) no AB
measure; (4) no substance-use measure. When the title/abstract screening did not allow a
clear-cut decision regarding the inclusion of the paper, it was included in the full-text reading
phase. This step led to the exclusion of 363 papers. Third, we screened the 256 remaining
papers through full-text reading. This led to the exclusion of 161 papers, because they (1) only
considered alcohol consumption measures as control variables and/or were centrally focused
on other substance abuse or psychiatric/neurological disorders and/or did not report alcohol-
related results; or (2) did not include participants with diagnosed SAUD, or with a validly
evaluated and clearly labelled excessive alcohol consumption pattern, or did not propose a
valid measure of alcohol consumption habits; or (3) did not propose a valid measure of AB
toward visual alcohol-related stimuli and/or did not report AB results before intervention. We
excluded several studies that, while evaluating alcohol consumption through validated
questionnaires, did not (1) report indices of drinking habits (e.g., AUDIT score, drinking
frequency/quantity); (2) evaluate the influence of alcohol consumption variables on AB through
correlation analyses or between-group comparisons (i.e., low versus high alcohol consumers).
In the same vein, whereas many studies investigated the effect of acute intoxication on alcohol
AB, our systematic review included solely those conducted on populations with chronic alcohol

consumption. To increase the procedure reliability, two independent judges (ZB and PB)
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performed the literature search. This procedure ended up in the inclusion of 95 papers in the

systematic review process.

2.2.  Methodological quality assessment (Supplementary Table S1)

We evaluated the methodological quality of each study using an adapted version
(Maurage et al., 2020) of the "Quality assessment tool for observational cohort and cross-
sectional studies”, developed by the National Heart, Lung and Blood Institute (NHLBI, 2014).
This scale appeared as the most appropriate for the cross-sectional studies included.
However, we performed several adaptations to address our specific needs. Firstly, we
removed two items that were not pertinent (i.e., item 3: “Was the participation rate of eligible
persons at least 50%7?”; item 13: “Was loss to follow-up after baseline 20% or less?”).
Secondly, we split some items including sub-questions (i.e., item 4 for participants’ selection,
item 5 for statistical analyses, item 9 for exposure measures, item 11 for outcome measures
and item 14 for confounding variables). The adapted version of the methodological
assessment scale used here thus comprised 19 items with a binary answer (Yes/No,
corresponding to scores of 1/0), leading to a maximum score of 19. The percentage of "Yes"
items was computed, leading to a global quality rating (poor: <50%; fair: 50%-69%:; good: 70%-
79%:; strong: 80% and beyond, adapted from Black et al., 2017). To increase the procedure
reliability, two independent judges (ZB and PB) performed the quality assessment.
Assessment discrepancies were then discussed with the last author (PM) to obtain a

consensus.

2.3. Data extraction and synthesis (Table 2)

We used a systematic data extraction procedure to individually determine the main
characteristics of the included studies regarding five categories of variables, adapted from the

PICOS protocol: (1) Population (sample size, age, gender ratio, exclusion criteria); (2)

11
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Exposures (psychiatric diagnosis or subclinical characteristics, alcohol consumption measure,
psychopathological comorbidities); (3) Comparator [control group (presence and size),
matching variables (pre-specified or not statistically differing between groups)]; (4)
Experimental design (processes measured, tasks, questionnaires, stimuli used in the AB task,
methodology, AB measurements); (5) Outcomes (results regarding alcohol AB, limitations

reported, key conclusions regarding alcohol AB).

Firstly, the main results related to quality assessment are described. Secondly, a brief
overview of the characteristics presented by the selected studies is reported. Finally, the main
outcomes obtained in the included studies concerning alcohol AB are reviewed. For the sake
of clarity, this latter part is organized in two sections according to the study population (SAUD
patients, subclinical populations), each divided in subsections either focusing on the most
commonly used behavioral paradigms (i.e. VPT and alcohol Stroop tasks), alternative ones or
eye-tracking data. Finally, each subsection successively presents the findings of studies
investigating the three aims of the systematic review: (1) the relationship between alcohol-
related AB and alcohol use; (2) the time course and components of AB; and (3) the impact of
current psychological state on the association between alcohol-related AB and alcohol use.
We chose to emphasize between-group analyses in the result section and we thus only report
correlations between AB and alcohol-use variables when studies did not perform between-
group comparisons to explore the influence of chronic drinking habits on AB (note that all
results are described in Table 2). Moreover, findings regarding the influence of other variables
(e.g., comorbidities, demographics, environmental contexts) on the relationship between AB

and alcohol use are described in Supplementary Materials.

3. Results

3.1.  Quality assessment (Supplementary Table S1)

12
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According to the criteria of the quality assessment tool, five studies presented strong
quality, 23 good quality, 62 fair quality and five poor quality. All studies clearly defined their
measures of alcohol consumption and alcohol AB, and analyzed AB outcomes based on prior
alcohol consumption. Most studies had clear research objectives and characterized
participants’ drinking pattern through standardized diagnostic tools (e.g., DSM-5 or ICD-10) or
valid questionnaires (mostly AUDIT or TLFB). Moreover, the vast majority used established
paradigms (mainly the VPT or alcohol Stroop task) with a controlled comparison between
alcohol-related and neutral stimuli, and/or between lighter and heavier drinkers, and proposed
at least two levels of alcohol consumption to investigate the relationship between alcohol use
and alcohol AB. However, key limitations were frequent in the reviewed studies: several
studies assessed chronic alcohol consumption using a short timeframe (i.e., less than 6
months), which could reduce the ability to detect the existence of an association between
alcohol use and alcohol AB. Other studies did not sufficiently identify characteristics of the
sample or confounding variables, as several recruited their participants in the general
population, with very limited exclusion criteria and a weak control of comorbidities. Most
studies also omitted sample size justification (most studies relying on small samples) and

statistical power or effect size computation to estimate the strengths of their findings.

3.2. Global overview

Studies explored the presence and nature of alcohol AB in populations with a vast
range of drinking patterns. Twenty-five focused on clinical populations of patients under
detoxification treatment diagnosed with SAUD (DSM-V criteria) or alcohol dependence (DSM-
IV, DSM-IV-TR or ICD-10 criteria). For the sake of clarity, these patients will be described as
SAUD patients. The ‘control group’ will refer to healthy individuals with low alcohol
consumption, when not stated otherwise. The other studies recruited subclinical populations

with excessive alcohol use patterns (e.g., heavy drinkers, binge drinkers, social drinkers),
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which had neither been diagnosed as presenting SAUD nor been involved in an alcohol-related
treatment. Some studies focused solely on the relationship between alcohol AB and alcohol
consumption, while others also investigated the influence of psychological variables on the
association between alcohol AB and drinking habits. Sixty-six studies assessed the presence
and magnitude of alcohol AB exclusively through behavioral measures. Among them, 55 used
the two most classical tasks, namely the VPT (31 studies) and the alcohol Stroop task (28
studies). Ten studies combined behavioral paradigms with eye-tracking measures and 14

performed newly developed tasks focusing on eye-tracking indexes.

3.3.  Study findings
3.3.1. Clinical population

3.3.1.1.  Classical behavioral paradigms (VPT and alcohol Stroop task)

Relationship between alcohol AB and alcohol use. Twenty-one studies used behavioral
measures to explore AB in SAUD. Sharma et al. (2001) measured alcohol AB through an
alcohol Stroop task (see Table 1 for a full description) among detoxified SAUD inpatients and
undergraduate students with light or heavy alcohol consumption. Compared to light drinkers,
both patients and heavy drinking students showed an alcohol AB indexed by longer RT for
alcohol-related words. Other studies found similar findings using the alcohol Stroop task with
higher Stroop interferences (Fadardi & Cox, 2006; Lusher et al., 2004; Muller-Oehring et al.,
2019) or higher error rates (Duka et al., 2002) for alcohol-related words in detoxified inpatients

compared to controls.

Nevertheless, several studies did not replicate these findings, and identified no AB in
SAUD. Two studies compared the Stroop performance of abstinent outpatients with controls
and did not find a greater AB interference in SAUD (Fridrici et al., 2014; Ryan, 2002). Bollen

et al. (2021) used a VPT and found no difference with the control group regarding RT for
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alcohol-related or neutral stimuli. Den Uyl et al. (2018) investigated the effect of training
interventions on alcohol AB in detoxified patients. Their performance at baseline on the VPT
did not correlate with alcohol problems. Fridrici et al. (2013) investigated the alcohol AB in
detoxified outpatients with regard to individualized (i.e., preferred alcohol drink of each
participant) versus general alcohol-related words in an alcohol Stroop task. They found similar
RT for the different word categories in patients, while controls showed slower RT for
individualized alcohol words, thus indexing the presence of an AB toward individualized
alcohol-related stimuli in controls but not in patients. Using a VPT, Van Hemel-Ruiter et al.
(2016) showed that adolescents with SAUD do not present alcohol AB just after detoxification
or 6 months later. Moreover, changes in SAUD severity was not predicted by changes in AB.
However, this might be explained by a substantial dropout rate for this part of the study. In
contrast to theoretical models, Townshend and Duka (2007) have even supported the
presence of an avoidance AB pattern in detoxified inpatients: they found a negative AB score
in patients but not in controls, suggesting the presence of an avoidance AB for alcohol-related

stimuli in SAUD, potentially influenced by intensive psychotherapy.

Findings from other studies further suggested that the presence and extent of alcohol
AB in SAUD might be related to treatment outcomes. Cox et al. (2002) assessed the variation
of AB with time and treatment. Inpatients and matched controls performed an alcohol Stroop
task before starting treatment (T1), 4 weeks later (T2) and 3-month after discharge. Patients
who remained abstinent or had only a brief drinking episode showed a similar pattern of alcohol
AB than controls across time. Relapsing patients showed a strong increase in alcohol
interference scores from T1 to T2. However, the large number of heavy social drinkers in the
control group call for caution when interpreting those results. In Rettie et al. (2018), while

patients before discharge did not differ from controls regarding alcohol interference scores,
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patients with successful detoxification had lower alcohol interference than relapsing ones,

suggesting a predictive role of AB in relapse.

Time course and components of AB. Three studies (Beraha et al., 2018; Noél et al.,
2006; Vollstadt-Klein et al., 2009) investigated AB time course in detoxified SAUD patients by
manipulating stimuli duration in the VPT. They used different stimulus onset asynchronies
(SOAs) to distinguish initial orienting (e.g., at 50ms) from attentional maintenance (e.g., at
500ms or 1250ms). While using similar methodologies, findings from Beraha et al. (2018) and
Noél et al. (2006) suggested the presence of an approach-avoidance attentional pattern,
dependent upon stimuli duration, specific to detoxified inpatients whereas Vollstadt-Klein et al.
(2009) found this pattern in both controls and outpatients with long-term abstinence. Noél et
al. (2006) found an initial orienting AB toward alcohol-related stimuli in detoxified patients at
very short SOA, but not in controls, followed at a SOA of 500ms by an alcohol AB in controls,
but not in patients. No AB was found in both groups when stimuli were presented for 1250ms.
Beraha et al. (2018), who explored the effect of Baclofen treatment on AB in detoxified
inpatients, showed, at baseline, that patients presented an AB toward alcohol at 500ms and
an avoidance AB away from alcohol at 1500ms. In contrast, Vollstadt-Klein et al. (2009) found
faster RT for alcohol-related stimuli at very short SOA in both groups, and an avoidance AB
for alcohol-related stimuli for long SOA in controls and detoxified outpatients. Another study
dissociated the fast/slow processes of alcohol AB (Clarke et al., 2015). Both patients and
controls showed a Stroop interference on alcohol-related words (indexing fast processes), but
also on the following neutral words (indexing slow processes). Alcohol interference thus
occurred on the alcohol-related cue itself, but was also carried over onto subsequent neutral
words. The authors underlined the fact that instructions inadvertently primed participants to
respond to alcohol-related cues, which might have raised expectancy salience and be

responsible for the similar pattern of AB across groups.
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Influence of the current state on the relationship between AB and alcohol use. Three
studies investigating the relation between AB and subjective craving generated inconclusive
findings (den Uyl et al., 2018; Field et al., 2013; Wiers et al., 2016). In Wiers et al. (2016), male
detoxified inpatients and controls did not differ regarding RT in the VPT and their performance
was not correlated with craving. In den Uyl et al. (2018), patients’ performance at VPT did not
correlate with craving. In Field et al. (2013), while detoxified outpatients were overall slower at
color-naming alcohol-related words compared to neutral ones (unlike controls), no association
was found between Stroop interference scores and craving. Conversely, VPT showed no
general alcohol AB in patients compared to controls, but patients with high craving showed
greater AB scores, and patients with low craving showed lower AB scores than controls for
alcohol cues at 500ms. The weak evaluation of comorbidities and biasing variables, the small
sample size and the hazardous consumption of control participants call for caution when
interpreting those results. Moreover, the inconsistent findings on the relationship between AB
and craving, even observed within the same experiment (Field et al., 2013), might be explained
by the low level of craving usually reported by detoxified patients. Finally, Sinclair et al. (2016)
investigated the influence of current drinking status by administrating a VPT to abstinent and
non-abstinent outpatients. Results showed that alcohol-related AB was not correlated with
SAUD or abstinence duration. Interestingly, an alcohol AB was present among drinking
patients but not among abstinent ones, suggesting a robust association between alcohol AB

and drinking status.

3.3.1.2.  Alternative behavioral paradigms

Relationship between alcohol AB and alcohol use. Four studies used novel behavioral
paradigms to investigate the association between AB and alcohol-related problems. Using the
flicker change induced-blindness paradigm, Jones and colleagues (2006) found that, unlike

the matched control group, detoxified inpatients were quicker to detect alcohol-related
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changes compared to neutral changes, indexing an alcohol AB. Waters and Green (2003),
using a dual task paradigm, showed that patients, but not controls, were slower to perform
peripheral lexical decisions concerning alcohol-related words compared to neutral words. This
was also observed at the central odd/even decision task, when patients were exposed to
peripheral alcohol-related words compared to neutral words. They concluded that patients
show an automatic AB, as their performance was poorer in the presence of alcohol-related
stimuli. Finally, Garland (2011) measured AB through a spatial cueing task in long-term
abstinent patients. Patients did not show any AB, but AB score was positively associated with

previous alcohol consumption.

Time course and components of AB. One study dissociated the engagement and
disengagement components of alcohol AB in SAUD outpatients using the Odd-One-Out task
(Heitmann & de Jong, 2021). Results did not show higher engagement or disengagement
biases in patients compared to controls, but participants made many errors in the task which

might have reduced its sensitivity to detect AB.

3.3.1.3.  Eye-tracking data

Relationship between alcohol AB and alcohol use. So far, only one study used eye-
tracking technology in SAUD population to explore alcohol-related AB (Bollen et al., (2021).
By combining VPT with eye-tracking measures, they showed the absence of early automatic
attraction toward alcohol cues among patients, as indexed by first fixation direction and
duration. However, patients avoided processing alcohol-related stimuli after a first fixation on
non-alcohol stimuli, as indexed by less second fixations toward alcohol compared to controls.
Moreover, patients presented shorter dwell times for alcohol-related stimuli. Eye-tracking
indexes achieved excellent reliability and suggested the presence of a late avoidance AB in

detoxified inpatients.
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Influence of the current state on the relationship between AB and alcohol use. Bollen
et al. (2021) found a positive correlation among SAUD patients between dwell times for

alcohol-related cues and craving at testing time.

3.3.2. Subclinical populations

3.3.2.1.  Classical behavioral paradigms

Relationship between alcohol AB and alcohol use. Nineteen studies explored the
presence of AB in subclinical populations using classical behavioral paradigms. Elton et al.
(2021) reported higher AB in individuals reporting greater current binge drinking. Similar
findings were found in Langbridge et al. (2019), who evaluated alcohol AB in binge drinkers
before intervention. Higher alcohol AB scores were found at baseline in binge drinkers
compared to non-binge drinkers. The small sample size of non-binge drinkers calls for caution
when interpreting their findings. Using a longitudinal design, Janssen et al. (2015) and Pieters
et al. (2014) investigated whether alcohol AB would be predicted by alcohol use and/or whether
it would predict the development of adolescent alcohol use. In Pieters et al. (2014), alcohol-
related AB did not predict changes in alcohol use. In Janssen et al. (2015), data regarding
weekly alcohol use were collected at four time points (within a six-month interval) and alcohol
AB was assessed at T1 and T4 through VPT and Stroop tasks. Results showed that: (1) alcohol
AB at baseline was not correlated with alcohol use at any time point, (2) alcohol AB, measured
by VPT, significantly predicted weekly alcohol use at each time point except T1. Alcohol AB
thus did not predict early alcohol use but predicted later drinking intensity. In van Duijvenbode
et al. (2012), light, moderate and heavy drinkers did not differ for RT in the VPT, showing no
association between AB and drinking patterns. The composition of groups was however based
on invalid AUDIT cut-off scores. Three other studies on problematic and light drinkers also
found no alcohol AB among these groups (van Duijvenbode et al., 2016; 2017a; 2017b).

Luehring-Jones et al. (2017) administered a VPT to young social drinkers before intervention
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but did not find any association between AB and alcohol use. Van Hemel-Ruiter et al. (2015)
showed that alcohol AB did not correlate with adolescent alcohol use, and did not mediate the
relationship between reward sensitivity and alcohol use. In Willem et al. (2013), alcohol
consumption in the last 3 months did not correlate with alcohol AB in adolescents and young
adults. Interestingly, three studies found an association between AB and alcohol consumption
in specific populations: Emery and Simons (2015) showed a positive association between AB
and alcohol use in men. Conversely, Groefsema et al. (2016) found that women presented
higher AB. Finally, Pieters et al. (2011) showed an association between AB and (1) alcohol
frequency/intensity only in early adolescents with an OPRM1 (i.e., polymorphism reflecting
both liking and wanting processes) risk genotype; (2) problem drinking only in young adult men

with DRD4 (i.e., polymorphism reflecting wanting processes) risk genotype.

Among the VPT studies, six investigated how stimuli properties might influence AB.
Townshend and Duka (2001) administered a VPT using words or pictures in heavy and
occasional social drinkers. Heavy drinkers showed greater AB than occasional drinkers only
in the picture task. Miller and Fillmore (2010) compared AB toward simple (isolated alcohol-
related cue) and complex (alcohol-related cue inserted in an elaborated scene) images in adult
regular drinkers. AB was present only with simple stimuli and was associated with heavy
drinking. Nevertheless, complex stimuli require the processing of non-alcohol-related features
and increase the need for visual search and scan, which could lower the attentional capture
by alcohol-related stimuli. The association between AB and alcohol consumption is however
not consistent across studies. Groefsema et al. (2016) determined whether social drinkers
show AB specific to social alcohol-related stimuli. Participants performed a VPT with alcohol-
related and soft drink pictures depicting social or non-social contexts. AB was not correlated
with weekly alcohol use and AUDIT. Moreover, participants presented longer RT for social

pictures - independently of drink type -, suggesting stronger AB for social stimuli compared to
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alcohol-related stimuli in social drinkers. Bollen et al. (2020) measured AB in binge drinking
and clarified the specificity of AB for alcohol-related stimuli, compared to other appetitive
stimulations. Binge drinkers did not differ from controls when performing VPTs that compared
alcohol-related stimuli with soft drink or food stimuli. However, RT-based AB measures
presented poor internal reliability. Christiansen et al. (2015b) showed that the reliability of the
VPT and the intensity of RT-based AB was higher when using personalized stimuli among
social drinkers. However, no correlation was observed between AB and alcohol consumption,
thus indexing poor construct validity. Jones et al. (2018) included personalized stimuli,
repeated time measurements and different variations to improve the VPT. Results showed
that: (1) AB did not change across time, (2) AB was not correlated with alcohol consumption,
(3) alcohol AB toward personalized cues did not differ from AB to standardized cues.
Altogether, these findings raise concerns regarding AB assessment using the VPT as its poor

reliability was consistently evidenced across stimuli, analyses, and protocols.

More significant findings were observed in the eleven studies using the alcohol Stroop
task. Fadardi and Cox (2008) showed that alcohol consumption was positively predicted by
alcohol Stroop interference in social drinkers. Murphy and Garavan (2011) showed that AB
could discriminate problem from non-problem drinkers. In Albery et al. (2015), alcohol Stroop
interferences were found in heavy social drinkers (but absent in light social drinkers) - with
groups based on only two AUDIT questions. In Fadardi and Cox (2009), higher alcohol Stroop
interferences were found in harmful and hazardous drinkers compared to social drinkers before
intervention. In a similar intervention study (Luehring-Jones et al., 2017), alcohol Stroop
interference at baseline was correlated with the number of drinks per occasion in young social
drinkers, but not with AUDIT score or the number of occasions per week. In Carrigan et al.
(2004), alcohol Stroop interference was associated with alcohol dependence, but not with

drinking frequency/quantity. Bruce and Jones (2004) explored AB through a pictorial Stroop
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task in light or heavy social drinkers - based on their alcohol consumption during the heaviest
drinking day of the previous week. Despite the limited evaluation of chronic consumption and
small sample size, the authors concluded for the presence of alcohol-related AB, indexed by
higher alcohol Stroop interferences, in heavy social drinkers. In Christiansen and Bloor (2014),
undergraduate social drinkers performed three versions of the task: control Stroop (containing
soft drink-related words), general alcohol Stroop (containing alcohol-related words) and
individualized alcohol Stroop (containing words related to participants’ favorite alcohol
beverages). Whereas RT did not differ across tasks, only the individualized alcohol Stroop task
predicted variance in alcohol involvement, thus showing a higher predictive value for alcohol
consumption when exposed to their favorite beverages. However, potential carry-over effects,
due to blocked format of the tasks, might have exaggerated the AB in the individualized Stroop

task.

Conversely, three of those studies did not observe such relationship between AB and
alcohol consumption, even when investigating the psychometric properties of the alcohol
Stroop task through ecological momentary assessment (EMA) settings (Spanakis et al., 2018;
Suffoletto et al., 2019). In van den Wildenberg (2006), alcohol Stroop interference in male
heavy drinkers was unrelated to alcohol use and problems. In Spanakis et al. (2018), social
beer drinkers performed a general and an individualized alcohol Stroop task either on a
computer in laboratory settings or on a smartphone at home (EMA settings). They showed
slower responses to alcohol-related words compared to neutral words in the general Stroop
task, but no difference regarding the type of images in the individualized Stroop task. AB in
both tasks did not predict alcohol consumption, regardless of the settings. The alcohol Stroop
task showed better psychometric reliability in ecological settings, but the absence of
association between AB and alcohol consumption showed its poor predictive validity.

Suffoletto et al. (2019) investigated AB through EMA over 14 weeks using smartphone apps.
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Young adult risky drinkers performed an alcohol Stroop task weekly and reported their alcohol
consumption twice per week. AB did not correlate with baseline consumption and did not
predict same day binge drinking. Ecological assessments of AB among risky drinkers are thus

not robustly related with baseline or same-day consumption.

Time course of AB. Four studies investigated the temporal dynamics of AB in
subclinical drinkers by adapting classical paradigms. Field et al. (2004) dissociated initial
orienting from attention maintenance in AB, by manipulating stimuli duration in the VPT. Heavy
drinkers had greater AB scores than light drinkers for stimuli with longer exposure durations
(500-2000ms) but not for shorter ones (200ms). Despite a limited sample size, they concluded
that heavy social drinkers presented an AB in the maintenance but not in the initial orienting of
attention. The task was further manipulated by two online studies using a cued VPT (Gladwin,
2017; Gladwin et al., 2020). The former study (Gladwin, 2017) firstly investigated the variability
of AB (i.e., short-time fluctuation in AB) among students by focusing on intra-individual
variability rather than median/mean value of VPT measure. Their results showed that high AB
variability was associated with riskier drinking. Secondly, they used a cued VPT with arbitrary
cues signaling the location of subsequent alcohol or non-alcohol stimuli. Participants with risky
drinking behavior were slower for probes appearing at the location of cues predicting soft
drinks stimuli, suggesting that predictive cues could capture the attention related to alcohol
use. However, the effects from this cued version were weaker and required a longer training
period. The latter study (Gladwin et al., 2020) tested the reliability of anticipatory alcohol AB
assessed by the cued VPT, and determined whether its reliability might be attributed to various
aspects of the predictive cues. To do so, participants performed several variations of the task,
including the use of non-predictive cues. Only participants who performed predictive versions
of the task showed an AB, but without association between AB and risky drinking. The alcohol

Stroop task has also been modulated to dissociate the time course of AB in subclinical
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drinkers. Hallgren and McCrady (2013) investigated the association between AB and alcohol
involvement in college students with recent binge drinking, by using an alcohol Stroop task
with immediate (i.e., current-trial responding) and delayed (i.e., subsequent-trial responding)
interference measure. Participants responded more slowly when two alcohol words (compared
to two neutral words) were presented sequentially. They also analyzed participants’
performances based on their alcohol involvement. No RT difference was found regarding
drinking frequency or problematic alcohol use but high-intensity drinkers showed a delayed

interference effect of alcohol-related words.

Influence of the current state on the relationship between AB and alcohol use. Twelve
studies explored the impact of motivational and/or temporary variables on AB among
subclinical drinkers using classical paradigms. Baker et al. (2014) investigated the role of
motivational orientations (approach/avoidance motivation for alcohol) on AB in heavy drinkers.
Participants were randomly allocated in different groups of implicit priming: alcohol-appetitive,
alcohol-aversive or neutral primes. They performed a VPT, each trial being subliminally
preceded by a word prime. Results showed: (1) no effect of subliminal priming of alcohol-
appetitive or alcohol-aversive motivational states on AB; (2) the presence of an avoidance AB
for alcohol cues presented for 50ms and no AB when presented for 500ms; (3) a small but
positive correlation between AUDIT and AB. However, the use of a response window, while

maximizing masked priming effects, might have invalidated RT measures.

Three studies showed how in vivo alcohol cue exposure impacts AB in students. In Cox
et al. (2003), participants performed an alcohol Stroop task immediately after being exposed
to either an alcohol or non-alcohol beverage. Results showed that alcohol interference scores
were predicted (1) solely by consumption (as calculated by annual absolute alcohol intake
scores), (2) only in heavier consumers and (3) when previously exposed to an alcohol

beverage. Nevertheless, the reliability of such results might be questioned since the task was
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administered through physical cards and RT were measured using a watch. Moreover, no
information was provided regarding the experimental groups (e.g., sample size, matching
variables). In Ramirez et al. (2015a), underage college student drinkers performed a VPT after
being exposed to a beer or water cue-reactivity procedure in two separate sessions.
Participants showed faster RT for alcohol-related stimuli only in alcohol-CR session, and the
AUDIT was negatively correlated with AB only in water-CR session. In-vivo exposure to alcohol
cues thus led to a stronger AB in student drinkers. The authors further examined whether
momentary decreases in craving were associated with reduced AB by extending the duration
of alcohol-cue exposure protocols (Ramirez et al., 2015b). AB at baseline did not correlate with
craving nor consumption. Both brief and extended alcohol-cue exposure increased craving

and AB, and craving changes predicted AB changes among women in the long exposure

group.

Five studies measured subjective craving to explore its influence on AB. In Field et al.
(2005), social drinkers were split into low/high craving groups. Results showed that: (1) higher
cravers presented greater AB scores in the VPT; (2) AB positively correlated with craving but
not with alcohol-seeking behavior or alcohol consumption. These findings were however
constrained by a small sample size. The positive association between AB and craving was
also found in other studies. Field et al. (2004) found a positive correlation between craving and
AB scores, when social drinkers performed the VPT with long stimulus duration. In Field et al.
(2007), adolescent heavy drinkers, but not light drinkers, were slower at naming alcohol-related
words than neutral words, these interference scores being correlated with craving. However,
alcohol-related AB did not correlate with craving in other previously described studies

(Christiansen et al., 2015b; Jones et al., 2018).

Finally, three studies investigated the effects of acute intoxication or hangover on AB.

In Duka and Townshend (2004), social drinkers were randomly allocated in the placebo, 0.3g
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or 0.6g/kg alcohol pre-load conditions. Only the low alcohol dose group showed a significant
AB in the VPT. A negative correlation was found in the high alcohol dose group between AB
and consumption. When performing the alcohol Stroop task, results showed no difference on
RT between conditions or stimuli. The high alcohol dose group, however, made more errors
for the alcohol-related words. Findings from the VPT showed that the administration of low
alcohol dose prime AB, whereas high alcohol dose might induce a state of satiation and, thus,
decrease the salience of alcohol-related stimuli. However, besides the low sample size,
findings from the VPT are inconsistent with the errors made in the alcohol Stroop task - which
were increased only by the priming of high alcohol dose. In Fernie et al. (2012), both moderate
and heavy drinkers were administered 0.4g/kg alcohol or placebo in a within-subject design
and performed a VPT at both sessions. Results showed no difference in RT between moderate
and heavy drinkers, or between alcohol or placebo condition. AB was therefore unaffected by
drinking habits or intoxication. Participants were however not asked to abstain from alcohol in
the previous days, which might have affected results regarding the alcohol or placebo
condition. Gunn et al. (2021) examined the influence of hangover on cognitive processes.
Student drinkers performed a VPT the day following consumption (hangover condition) and at
least 24h after alcohol consumption (no-hangover condition). Hangover did not influence
performance, and no AB was found, regardless of hangover (as AB scores did not differ from

zero in either condition) or drinking habits (AUDIT scores).

3.3.22.  Alternative behavioral paradigms

Relationship between alcohol AB and alcohol use. As the most widely used tasks of
AB repeatedly showed poor reliability (Ataya et al., 2012), eight studies developed new AB
tasks. Three studies showed an association between AB and alcohol consumption in
subclinical populations, using the flicker change induced-blindness paradigm. Jones et al.

(2002) investigated alcohol AB in social drinkers using the flicker paradigm with a visual scene
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containing both an alcohol-related and a neutral change. Participants who detected the
alcohol-related change showed higher consumption than those who detected the neutral
change. In Jones et al. (2003), heaviest drinkers detected the alcohol-related change faster
than lightest drinkers, and quicker than the neutral change. Moreover, lightest drinkers
detected the neutral change faster than heaviest drinkers, and quicker than alcohol-related
change. However, these two studies based their conclusions on a single trial and based their
evaluation of chronic consumption solely on report of the heaviest drinking day in the last week,
which hampers the generalization of these findings. In Hobson et al. (2013), students had to
detect the change in complex stimuli either depicting real world scenes or a grid of alcohol-
related and neutral pictures. They showed that heavier drinking patterns were associated with
increased percentage of alcohol-related changes detections in real world scenes. Using a
similar task, Knight et al. (2018) investigated AB in heavy and light social drinkers using an
alcohol-change detection task. Heavy drinkers were more sensitive to alcohol changes in
neutral-alcohol trials (i.e., all images originally neutral, one changing into an alcohol-related
image) than light drinkers, indexing the presence of an AB. Pennington et al. (2020), who
explored the psychometric properties of their newly developed visual conjunction search task
in social drinkers, reported similar results. Participants showed, overall, faster RT for alcohol-
related cues, indexing the presence of an alcohol AB predicted by AUDIT and alcohol
consumption. Heitmann et al. (2020) also investigated the psychometric properties of newly
developed alcohol AB measures using a visual search task. Its validity was tested by
examining the association between AB index with alcohol use quantity/frequency or alcohol
use problems. Their results showed however that AB presented a positive but weak
association only with alcohol use frequency. Nikolaou et al. (2013) investigated AB in social
drinkers using a concurrent flanker/alcohol AB task. The flanker effect difference score (i.e.,
flanker effect in the presence of alcohol minus neutral pictures) was associated with higher

alcohol consumption. Finally, Brown et al. (2018) determined whether goal-driven mechanisms
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could account for involuntary AB toward task-irrelevant alcohol distractors in social drinkers.
They conducted various versions of the rapid serial visual presentation paradigm to test the
replicability of their effects. Overall, results showed that distractor interference was not

correlated with consumption.

Time course and components of AB. Beyond the modulation of classical tasks, novel
paradigms were also developed to investigate the temporal dynamics of AB. Three studies
examined AB at encoding through an attentional blink paradigm (DePalma et al., 2017; Elton
et al., 2021; Tibboel et al., 2010). DePalma and colleagues (2017) administered word-based
and pictorial-based versions of the task in binge drinkers. They explored whether AB was due
to increased efficiency of attentional processing of alcohol cues at early encoding levels, thus
reflecting more automatic processes. Binge drinkers did not show any attentional blink for
alcohol cues, indexing an increased efficiency to process these cues at early levels. They,
however, presented a delayed attentional blink for non-alcohol cues. Non-binge drinkers
showed an early attentional blink, similar for alcohol and non-alcohol word cues, but reduced
for alcohol compared to control images. Binge drinkers might therefore be more efficient in the
processing of alcohol-related cues at early encoding levels than non-alcohol targets or non-
binge drinkers, indexing the presence of an AB. Similar findings were reported in Tibboel et al.
(2010), as heavy drinkers showed a smaller attentional blink effect for alcohol-related words
compared to soft drink words, this effect being identical for both words in light drinkers. Under
high cognitive load (i.e., at smaller lag), alcohol-related stimuli were processed more efficiently
than soft drinks in heavy drinkers, reflecting an AB at encoding. Nevertheless, the low reliability
of the task, the small sample size and the near-ceiling performance call for caution when
interpreting these findings. Finally, Elton et al. (2021) showed that AB — indexed here by
greater attentional blink following an alcohol distractor — was associated with greater binge

patterns of drinking during adolescence.
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Four studies investigated the engagement and disengagement processes of alcohol
AB in subclinical drinkers. In Gladwin et al. (2013), social drinkers had to perform a spatial
cueing task with approach-alcohol (i.e. instructions to direct attention towards alcohol and
away from non-alcohol cues) and avoid-alcohol (i.e. opposite instructions) blocks to evoke
conflict between automatic alcohol AB and task instructions. Their results showed that social
drinkers were faster to shift their attention to an invalidly cue location following alcoholic versus
non-alcoholic cues. Two other studies dissociated engagement/disengagement components
of AB using the Odd-One-Out task (Heitmann et al., 2020, 2021). Firstly, they tested its validity
by examining the association between AB indices with drinking quantity/frequency or alcohol
use problems (Heitmann et al., 2020). The index of attentional disengagement showed a
positive but weak association with drinking quantity/frequency, while the engagement index
was associated with drinking frequency only in males. Alcohol AB processes related to
attentional disengagement was thus associated with consumption in students. Secondly, they
improved the low reliability of the task to provide a solid assessment of
engagement/disengagement bias toward alcohol-related stimuli (Heitmann et al., 2021). The
adapted Odd-One-Out task had more distinct contrast stimuli, more trials, practice trials and
was administered in an alcohol-related context (i.e., a bar). High drinkers presented a greater
engagement AB toward alcohol-related cues when performing the adapted task. Groups did
not differ regarding disengagement AB index or when performing the original task. The internal
consistency of the adapted task was increased but remained under acceptable threshold.
Moreover, the study design did not distinguish contextual effects (bar/laboratory) from task
modifications. The dissociation between engagement and disengagement processes was
further explored through a selective-attention/action-tendency task (Sharbanee et al., 2013).
Social drinkers were divided based on consumption regulation abilities. Results showed that:
(1) dysregulated drinkers presented a greater AB in disengagement trials, while groups did not

differ on alcohol AB in engagement trials; (2) disengagement AB scores predicted variance of
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drinking-group status. AB, indexed by a difficulty to disengage from alcohol cues, thus
contributes to dysregulated drinking. To sum up, three studies showed an AB specifically
observed at the disengagement level (Gladwin et al., 2013; Heitmann et al., 2020; Sharbanee

et al., 2013) while another one located the AB at the engagement level (Heitmann et al., 2021).

Influence of the current state on the relationship between AB and alcohol use. Four
studies explored the impact of craving on alcohol AB in subclinical drinkers. Hobson and
colleagues (2013) showed that both higher consumption and higher craving were associated
with increased percentage of alcohol-related changes detection in a flicker induced-blindness
change paradigm. However, alcohol-related AB did not correlate with craving in some
previously described studies (Heitmann et al., 2020; Pennington et al., 2020; Tibboel et al.,

2010).

3.3.2.3.  Eye-tracking data

Relationship between alcohol AB and alcohol use. Six previously described studies
used eye-tracking to enhance the reliability of AB measures. Miller and Fillmore (2010)
explored the effect of stimuli properties on AB using a VPT with simple and complex images.
AB indexed by dwell times was found only for simple images in regular drinkers. Nevertheless,
eye-tracking measures constituted a more robust evaluation of alcohol AB than behavioral
ones, the effect size of AB indexed by dwell times being twice larger. Christiansen et al.
(2015b) showed that the joint use of eye-tracking measures (dwell times), and personalized
stimuli increased task reliability up to .76. The validity of the task was however questioned, as
no correlation was found between AB and alcohol use. In van Duijvenbode et al. (2012),
participants with long term abstinence were grouped in light or heavy drinkers for eye-tracking
analyses. Participants did not present AB, independently of their past consumption. Van

Duijvenbode et al. (2017a) identified the presence of AB (based on eye-tracking measures) in
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a large sample of participants. However, AB intensity did not differ according to alcohol
consumption. The increased reliability of the VPT by using eye-tracking measures was not
found in Jones et al. (2018): eye-tracking measures showed poor reliability and validity, which
questions the use of the VPT to assess AB. More surprisingly, the global behavioral AB found
in a flicker paradigm used by Hobson et al. (2013) was not observed among heavy drinkers
when analyzing eye-tracking measures. This could be partly explained by the instructions,

which limited the maintenance of attention on the target stimulus.

Four studies investigated alcohol-related AB only through eye-tracking. In Weafer and
Fillmore (2012), beer drinkers performed a free viewing task. Higher drinkers showed longer
dwell times toward alcohol-related scenes, thus showing that AB was related to alcohol
consumption. Three studies investigated AB through a gaze contingency paradigm, an eye-
tracking task measuring the ability to inhibit the orientation of attention toward peripherally
appearing alcohol-related stimuli (Brown et al., 2020; Qureshi et al., 2019; Wilcockson &
Pothos, 2015). Wilcockson and Pothos (2015) found a positive correlation between break
frequency (inability to inhibit saccade toward peripheral stimulus) for alcohol-related stimuli
and weekly consumption in male undergraduate students. However, the mean break
frequency rate for alcohol-related and neutral stimuli was only 1.10 and 1.02 respectively for
32 trials in total, indicating a very low error rate. In Qureshi et al. (2019), problem and non-
problem drinkers performed a gaze contingency paradigm with appetitive alcohol, appetitive
non-alcohol, and non-appetitive stimuli. For centrally-located stimuli, problem drinkers showed
higher break frequency for non-appetitive stimuli compared to alcohol ones. In contrast, they
observed, for peripheral stimuli, a higher break frequency toward both appetitive (i.e., alcohol
and non-alcohol) stimuli among problem drinkers. Inhibitory control on saccadic movements
for appetitive stimuli might thus be improved when covert attentional processing is possible,

and AB was not specifically related to alcohol stimuli. Finally, Brown et al. (2020) found a
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positive correlation between AUDIT and alcohol-related break frequency, as well as higher
break frequency for alcohol-related stimuli when comparing high against low hazardous

drinkers. High hazardous drinkers were thus more frequently distracted by alcohol stimuli.

Time course and components of the AB. Eight studies dissociated initial orienting and
maintenance of attention using eye-tracking. Ceballos et al. (2009) used a free exploration
paradigm when presenting images (alcohol-related stimuli, household objects, or both) among
college drinkers. Positive correlations were found between consumption (quantity-frequency
index) and eye-tracking. The authors suggested that consumption intensity among college
students was simultaneously related to a higher automatic attraction toward alcohol and to a
stronger tendency to focus voluntarily on alcohol-related stimuli. However, the imprecise
alcohol consumption measure, combined with the low global consumption in this sample and
the continuous approach chosen, raise questions regarding the role played by alcohol
consumption in the results. Soleymani et al. (2020) investigated the psychometric value of a
free-viewing eye-tracking task to assess AB. Students freely explored 4x4 matrices of alcohol
and soft drink images. In the first session, longer dwell times and higher number of first fixations
on alcohol-related cues, as well as shorter first fixation latency on soft drinks, were associated
with stronger alcohol problems. Findings from the second session showed weaker evidence
for criterion validity, with only first alcohol fixations being associated with AUDIT scores. Bollen
et al. (2020) explored the time course of AB by dissociating early and late processing stages
in binge drinkers. All participants performed the drink, drink-food and food conditions of the
VPT. Binge drinkers and controls did not differ on eye-tracking measures of early processing
in any condition. Dwell times, however, highlighted the presence of AB toward soft drinks and

healthy food among controls, without global alcohol AB in binge drinkers.

Three studies distinguished automatic and controlled processes of AB among

adolescents (McAteer et al., 2015; 2018; McGivern et al., 2021). In McAteer et al. (2015),
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heavy, light and non-drinkers performed a free visual exploration task. None of them showed
an automatic orienting to alcohol stimuli (location/speed of the initial fixation). Heavy drinkers
showed a significant increase in dwell times for alcohol-related stimuli, particularly during the
second part of stimuli presentation (1500-2500ms), indexing prolonged or fixed attention. The
authors concluded that AB might be underpinned by controlled rather than automatic
processes. They further explored AB on the free viewing task (McAteer et al., 2018) according
to age (early adolescents, late adolescents, young adults) and drinking pattern (heavy, light
and non-drinkers). Results replicated previous findings, as heavy drinkers showed longer dwell
times for alcohol-related stimuli than light drinkers, independently of age. Moreover, an
increased percentage of first fixation toward alcohol-related stimuli was observed in young
adults when compared to late adolescents, independently of consumption. Heavy drinking thus
appears associated with AB and underpinned by controlled processes. Age is related to a
higher automatic capture of attention, indexing a progressive rise of the automatic attention
hijack by alcohol-related stimuli with age. Here again, the absence of genuine AB and results
going against the main conclusions (e.g., no age or alcohol consumption effect on early or late
attentional processes) strongly reduced insights brought by this study. Using the same
methodology, McGivern et al. (2021) explored the different components of alcohol AB in a
small sample of adolescents. Heavy drinkers performed longer first fixations toward alcohol
than abstainers, indicating the presence of a delayed disengagement bias. They also showed
more fixations and longer dwell times for alcohol-related stimuli than abstainers, indexing a
maintenance bias. Heavy and light drinkers did not differ from abstainers regarding the
direction of their first fixations, suggesting the absence of a vigilance bias in adolescents.
Finally, heavy drinkers showed longer alcohol dwell times than light drinkers and abstainers in
the first half of stimuli presentation (indexing early attentional processes), while both heavy
and light drinkers showed longer alcohol dwell times than abstainers in the second half

(indexing late attentional processes).
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Roy-Charland et al. (2017) proposed a more dynamic exploration of attention, by
analyzing the global pattern of saccadic eye movements produced by undergraduate students
when freely exploring complex visual scenes (with/without alcohol cues). The first experiment
did not show any AB or any correlation between eye-tracking indexes and consumption. The
second one, where participants had to memorize a visual scene, demonstrated a positive
correlation between consumption and the number of saccades toward and away from alcohol-
related zones (measuring the tendency to draw back their attention to these zones). The
number of saccades toward alcohol-related stimuli in complex scenes was associated with
consumption only when instructions motivated the participants to attend to them. Monem and
Fillmore (2017) explored alcohol AB in natural settings. Portable eye-tracking glasses were
combined with video recording while participants freely explored, during two sessions, a
recreational room containing objects, including alcohol beverages and matched soft drinks.
Results showed (1) no AB during the first session, (2) a habituation effect during the second
session for soft drinks (i.e., reduced dwell times) but not for alcohol stimuli, indicating an

alcohol AB, (3) a correlation between AB and consumption intensity.

Influence of the current state on the relationship between AB and alcohol use. Six
studies investigated the effect of craving on subclinical drinkers by using eye-tracking
measures. Hobson et al. (2013) demonstrated that eye-tracking indices of AB were related to
craving but not to consumption. Indeed, they did not find any global AB in heavy drinkers, but
showed faster saccades toward alcohol-related stimuli in real world scenes among individuals
with higher craving. Bollen et al. (2020) found longer dwell times for alcohol-related stimuli only
in binge drinkers with high craving. Therefore, both studies suggested that the intensity of
craving at testing time was a core determinant of AB magnitude. In Soleymani et al. (2020),
stronger craving was associated with longer dwell times, higher proportion of first fixations and

shorter first fixation latencies on alcohol-related cues. These findings indexed a powerful
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correlation between craving and direct AB measures. Van Duijvenbode et al. (2017a) also
found a positive (but weak) correlation between AB and craving. Wilcockson et al. (2019)
measured, in a within-subject design, the influence of current consumption intention on AB
using a free visual exploration. Heavy drinkers showed AB (indexed by dwell times), regardless
of consumption intentions. This AB was positively correlated with consumption
intensity/frequency, only when use was intended and with negative expectancies toward
alcohol. Finally, Christiansen et al. (2015b) did not find any association between AB (indexed

by dwell times) and craving.

Two studies explored the effect that alcohol expectancies might have on AB using a
free exploration task (Field et al., 2011; Jones et al., 2012). In Field et al. (2011), alcohol
expectancy was modulated at the beginning of each trial by a message indicating the
probability (0/50/100%) of receiving a small amount of beer after the trial. The modulation of
alcohol expectancy did not affect AB among heavy drinkers, showing higher dwell times for
alcohol-related stimuli in all conditions. Conversely, light drinkers only presented higher alcohol
dwell times when alcohol expectancies were high. AB thus appeared stable in heavy drinkers,
while it depended on current expectancies in light drinkers. It should be noted that participants
were administered non-alcohol beer, to prevent increased AB following intoxication. This might
have resulted in reduced sensitivity to the expectancy manipulation. Jones et al. (2012) then
explored whether the influence of alcohol expectancies was specific for alcohol-related cues
or generalized toward other appetitive stimuli. Social drinkers performed a free exploration task
with alcohol/neutral or chocolate/neutral pairs of images. Reward expectancy was also
modulated by a message indicating the probability (0/100%) of receiving a small amount of
beer or chocolate. For both stimuli, increased expectancy was associated with longer dwell
times for appetitive cues, this effect being reward-independent. The expectancy to receive a

reward thus globally increased the AB toward appetitive cues. Nevertheless, participants did
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not actually receive and consume the rewards, and their preference regarding one reward for

another was not evaluated.

Two studies investigated whether acute intoxication influences AB in heavy and
moderate drinkers through a VPT, followed by a bogus taste test (Fernie et al., 2012; Weafer
& Fillmore, 2013). Participants received either 0.4g/kg doses of alcohol or placebo in a within-
subject design in Fernie et al. (2012). Higher dwell times for alcohol-related stimuli were
observed only after intoxication in moderate drinkers, and after both alcohol and placebo
administration in heavy drinkers. AB therefore increased after alcohol administration in
moderate drinkers, while heavy drinkers showed a stable AB. These findings were not
replicated in Weafer and Fillmore (2013), who administered a placebo and 0.45g/kg and
0.65g/kg doses. Heavy drinkers displayed greater AB than moderate drinkers following
placebo, this AB predicting the amount of ad libitum consumption. However, heavy drinkers
displayed a dose-dependent decrease of AB following alcohol, whereas intoxication had no
impact on AB in moderate drinkers. These results suggested that AB would play a role in the

initiation of drinking episodes, but not in their perpetuation once initiated.

4. Discussion

The results section has shown the complexity of the current literature related to AB in
alcohol-related disorders, and the large inconsistencies across experimental outputs.
However, to move the field forward, we will identify the main conclusions that can be drawn
from available studies, at theoretical and methodological levels, before proposing

recommendations for future ones.

4.1. Results overview and theoretical implications
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The main aim of this systematic review was to evaluate the assumptions made by
dominant models regarding AB in alcohol-related disorders and to discuss their experimental
validity when confronted with existing behavioral and eye-tracking findings. We identified three
major questions regarding alcohol-related AB, namely whether: (1) AB is a key and long-lasting
characteristic of alcohol use disorders, its magnitude being directly associated with the
severity/frequency of the alcohol use; (2) AB is underpinned by automatic/early or
controlled/later attentional processes, since AB is considered as a behavioral expression of
impulsive system’s over-activation, giving rise to automatic and uncontrolled saccades towards
alcohol-related stimuli (dual-process models; Bechara, 2005; Wiers et al., 2007); and (3) AB
is a stable feature of alcohol use disorders once established, due to an over-sensitized
dopaminergic system following repeated alcohol exposures (IST; Robinson & Berridge, 1993)
or is strongly affected by momentary motivational processes, either appetitive, aversive or both

(Field et al., 2016).

4.1.1. Is alcohol-related AB associated with the severity and frequency of alcohol use?

What do we know about SAUD patients? Among the 25 studies focusing on alcohol-
related AB in SAUD, nine suggested a stronger alcohol-related AB in patients compared to
controls (e.g., Jones et al., 2006; Lusher et al., 2004; Muller-Oehring et al., 2019) or reported
a positive correlation between AB scores and alcohol consumption (Garland, 2011). However,
14 studies did not observe such difference (e.g., Fridrici et al., 2014; Rettie et al., 2018;
Vollstadt-Klein et al., 2009) or did not show any correlation between AB and alcohol
consumption (den Uyl et al., 2018; Sinclair et al., 2016). Three studies even reported an
avoidance bias in SAUD, indexed by lower AB scores for alcohol-related stimuli compared to
controls (Bollen et al., 2021; Fridrici et al., 2013; Townshend & Duka, 2007). Beyond the SAUD
diagnosis, alcohol-related AB appears related to higher quantity and frequency of alcohol

consumption (e.g., Clarke et al., 2015; Fadardi & Cox, 2006; Garland, 2011), earlier age of
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SAUD onset (Miller-Oehring et al., 2019) and higher number of previous SAUD treatment
(Jones et al., 2006; Noél et al., 2006). However, it is not associated with SAUD duration
(Lusher et al., 2004; Noél et al., 2006; Sinclair et al., 2016) or abstinence duration (Garland,

2011; Sinclair et al., 2016; Wiers et al., 2016).

Such findings question the theoretical assumptions regarding the key role played by
AB in SAUD (Bechara, 2005; Robinson & Berridge, 1993; Wiers et al., 2007). Indeed, a
theoretical assumption directly resulting from dominant models is that the magnitude of AB
would be related to the disorder’s severity, individuals with SAUD presenting a stronger
alcohol-related AB than moderate drinkers. Most studies were therefore expected to show an
AB toward alcohol-related stimuli, since they focused on patients diagnosed with SAUD,
presenting longer/stronger alcohol consumption. However, the mixed results observed, most
studies showing no stronger AB (or even an avoidance AB) among detoxified SAUD patients
compared to light drinkers, do not support this theoretical assumption. Importantly, recent
modifications of the IST highlighted individual variations in the extent to which incentive
salience is attributed to alcohol-related cues (Robinson et al., 2014). Indeed, individuals prone
to approach reward cues (sign-trackers) would attribute greater motivational value to
interoceptive cues than do individuals less prone to approach reward cues (goal-trackers; see
Colaizzi et al., 2020 for a review). Moreover, each motivational property acquired by incentive
stimuli (i.e. alcohol-related AB, subjective craving and seeking behavior) may contribute to
alcohol use in different but complementary pathways (described as the “three routes to
relapse”; Milton & Everitt, 2010). Therefore, AB might play a major role in the development of

SAUD for some individuals but be far less crucial for others.

What do we know about subclinical populations? Alcohol-related AB was positively
related with alcohol consumption in most studies conducted in social drinkers, often recruited

among students (e.g., Albery et al., 2015; Field et al., 2011; Hobson et al., 2013). Many studies
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also showed a stronger alcohol-related AB in more specific drinking patterns (e.g., heavy or
binge drinkers) compared to light drinkers (Baker et al., 2014; DePalma et al., 2017; Tibboel
et al., 2010), especially among adolescents (e.g., McAteer et al., 2015, 2018; McGivern et al.,
2021). To sum up, studies conducted on subclinical populations appear more consistent
regarding the association between alcohol-related AB and alcohol consumption, most showing
that AB is directly linked to drinking habits intensity. These findings therefore support the

theoretical assumption that the magnitude of AB would be related to consumption’s intensity.

How can we develop knowledge? Whereas the association between alcohol use and
AB appears more consistent in subclinical populations, the comparison across studies is
dampened by discrepancies in terminology, inclusion criteria and consumption thresholds.
Indeed, the sample is often poorly specified, as participants are mostly recruited among the
general population or among college students, assuming the presence of high consumption
levels in this population. Moreover, the control of potentially biasing variables (e.g., presence
of psychiatric comorbidities, demographics) is usually limited. A key priority for future studies
is to provide a better characterization of their experimental sample, through valid and
standardized alcohol use assessment. As most studies used the AUDIT and TLFB, these two
tools could constitute the minimal alcohol consumption measures, potentially complemented
by tools evaluating specific drinking habits (e.g., binge drinking; Townshend & Duka, 2002,
2005). Moreover, most studies focusing on SAUD did actually evaluate the relationship
between the severity of alcohol use and AB (through between-group comparisons).
Conversely, studies on subclinical populations usually mixed consumption-related measures
(evaluating the intensity/frequency of alcohol consumption, mostly through the TLFB or
AUDIT-C) with dangerousness/problems measures (evaluating the consequences and issues
resulting from alcohol consumption, mostly through the AUDIT or Short-Michigan Alcoholism

Screening Test) for their correlational or between-group analyses. Future studies should
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distinguish the respective effects of alcohol consumption from those related to alcohol-related
problems on AB, as these aspects differentially predict addictive behaviors and could explain
the mixed findings in the reviewed studies. Furthermore, the terms labelling the targeted
population are heterogeneous and should also be standardized (Maurage et al., 2021). A valid
assessment of alcohol consumption and its associated variables is also needed in SAUD,
since self-reported measures are usually unreliable in this population. Future studies could
provide additional measures reported from relatives, or physiological indices of alcohol use
severity (e.g., liver condition). Finally, future research might account for the different pathways
to addiction when exploring AB in a certain population and distinguish individuals more or less
prone to rewards cues (i.e., sign-trackers versus goal-trackers; Robinson et al., 2014), in order
to determine the conditions and psychological factors determining the individual involvement

of AB in the emergence of alcohol-related disorders.

4.1.2. What is the time course of AB?

What do we know about SAUD patients? Two studies suggested the presence of an
approach-avoidance pattern depending on stimulus duration - with an initial orienting AB,
followed by attentional disengagement — specific to this population (Beraha et al., 2018; Noél
et al.,, 2006). This latter finding was supported by eye-tracking measures showing an
avoidance bias at later processing stages in SAUD (Bollen et al., 2021). Altogether, these
preliminary results on SAUD patients highlighted the relevance of investigating the time course
of AB in populations usually characterized by motivational conflict regarding alcohol-related

cues.

What do we know about subclinical populations? AB in subclinical populations
appeared mostly at the controlled stages of attentional processing. The maintenance of

attention toward alcohol was reflected by AB at longer stimuli duration (Field et al., 2004),
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delayed Stroop interferences (Hallgren & McCrady, 2013), specific assessment of
disengagement processes of AB (Gladwin et al., 2013; Heitmann et al., 2020; Sharbanee et
al., 2013) or by eye-tracking indexes such as dwell times or number of fixations (e.g., McAteer
et al., 2015, 2018; Monem & Fillmore, 2017). Alcohol-related AB in subclinical populations
would thus rely on later and controlled processes, suggesting that the automaticity in AB,

postulated by dominant models, is absent in this population (McAteer et al., 2015).

How can we develop knowledge? Future studies should systematically go beyond
behavioral measures, centrally by using eye-tracking methods, as this tool provides major
insights regarding the time course of AB by directly measuring the consecutive steps involved
in attention (Armstrong & Olatunji, 2012; Popa et al., 2015). Moreover, we need to fill the gap
between the numerous eye-tracking studies on subclinical populations and the nearly
inexistent ones in SAUD. Finally, newly developed experimental paradigms (e.g., attentional
blink task, odd-one-out task) could also offer a more accurate exploration of AB. Altogether,
these findings highlighted the need to refine theoretical assumptions regarding the time course
of AB, since (1) it can fluctuate from approach to avoidance AB according to the duration of
stimulus presentation in SAUD patients, and (2) its automatic nature is strongly questioned in

subclinical populations.

4.1.3. Is AB a stable reflection of the impulsive system over-activation?

What do we know about patients with SAUD? AB might be increased by high craving
at testing time (Bollen et al., 2021; Field et al., 2013) and current drinking status (Sinclair et
al., 2016). These findings provided experimental support for Field et al.’s (2016) proposal, as
AB might fluctuate alongside motivational states related to craving and drinking status. This
could explain the inconsistencies across previous studies exploring AB in SAUD without

measuring the psychological state at testing time. Indeed, most patients were abstinent and
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undergoing detoxification treatment, such states being frequently related to aversive or
ambivalent alcohol evaluations. Therefore, the available results do not rule out the possibility
that AB is globally absent in the various stages of SAUD, but they nonetheless suggest that,
during the detoxification process, patients with SAUD do not present a strong and stable AB

toward alcohol.

What do we know about subclinical populations? Alcohol-related AB is increased by
craving (Bollen et al., 2020; Field et al., 2004; 2005; 2007), in vivo alcohol cue exposure (Cox
et al., 2003; Ramirez et al., 2015a; 2015b) and reward expectancies (Field et al., 2011; Jones
et al., 2012). However, AB in heavy drinkers is not influenced by experimental procedure like
subliminal priming or alcohol-related motivations (Baker et al., 2014). Hangover did not affect
AB (Gunn et al., 2021) but alcohol intoxication might decrease it (Weafer & Fillmore, 2013),

especially following high alcohol pre-load (Duka & Townshend, 2004).

The discrepancies between clinical and subclinical populations regarding the presence
of AB might be explained by the role of motivational conflict. Field et al. (2016) suggested that
SAUD patients in detoxification treatment might attempt to override alcohol-related AB to
reduce concerns about drinking behavior and suppress craving. This could lead to different
patterns of AB than subclinical drinkers who are not attempting to reduce their consumption.
Finally, while experimental manipulations of alcohol-related motivations failed to influence AB,
AB increased with subjective craving and in vivo alcohol cue exposure. Again, these findings
support the theoretical account whereby AB arises from momentary changes in alcohol-related

stimuli evaluations (Field et al., 2016).

How can we develop knowledge? Future studies should determine whether AB is
consistent among subclinical and clinical populations or whether it is modulated by short-term

environmental or internal contingencies. First, we need to further explore the inter-contextual
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stability of AB, as studies showed that AB is influenced by external factors (e.g., alcohol cue
exposure) or motivational states (e.g., craving, alcohol-related motivations). Hence, the
influence of these contextual variables on AB should be consistently investigated, notably by
manipulating craving intensity through priming procedures. Moreover, further studies should
evaluate alcohol-related AB in individuals with SAUD not seeking treatment and/or not
presenting motivational conflict regarding alcohol. Second, we need to address the short-term
intra-individual stability of AB, as most studies have only offered AB measures at one
timepoint, without evaluating test-retest variations. Within-subject fluctuations in AB, according
to craving level and perceived value of alcohol at testing time (Field et al., 2016), might mask
between-groups differences. Finally, studies should explore the long-term intra-individual
stability of AB, as it might vary through disease course. AB thus has to be tested across
multiple sessions during the successive stages of the detoxification process (e.g., non-

abstinent patients, early/late withdrawal, post-detoxification; Bollen et al., 2021).

4.2. Methodological considerations

The inconsistencies between studies are mostly related to their variability regarding
experimental choices and to several methodological shortcomings that cast doubt over the
robustness of their findings. In line with recent proposals (Pennington et al., 2021), we

identified these methodological issues and provided suggestions to address them.

4.2.1. Appropriate use of stimuli

Matching control stimuli. Many studies compared alcohol-related stimuli to non-
alcoholic and non-appetitive ones (e.g., household objects, office stationery). Although this
selection prevents participants from associating the control stimuli with alcohol use, contrary
to non-alcohol appetitive stimuli (e.g., soft drinks, potentially associated with cocktails or mixed

alcoholic drinks), this methodological choice does not elude the possibility that AB toward
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alcohol might be generalized to other appetitive stimuli (soft drinks, monetary or erotic stimuli).
Indeed, Qureshi and colleagues (2019) found stronger AB for both alcohol and non-alcohol
appetitive cues in student drinkers. To isolate the mechanisms specifically related to the
alcohol-related nature of AB, Pennington et al. (2021) suggested to consistently match
experimental and control stimuli on incentive valence. Nevertheless, what can be considered
as a neutral or appetitive non-alcohol stimulus remains unclear, since various studies used
soft drinks or water pictures as neutral cues (Christiansen et al., 2015b; Heitmann et al., 2021),
whereas others used them as appetitive cues (Pennington et al., 2020; Qureshi et al., 2019).
Further work should clarify the concept of appetitiveness before challenging AB specificity, as
a generalized AB toward all appetitive cues without preference for alcohol-related ones would
generate an in-depth revision of the current assumptions regarding AB in SAUD. Research

should therefore carefully select their control stimuli and measure their appetitive nature.

Selection and validation of stimuli. Pennington et al. (2021) highlighted the frequent
opacity of stimuli selection and validation in alcohol-related AB research. Most studies do not
disclose the source of their selected stimuli and do not report validation procedure. The use of
validated image databases is recommended to reduce the noise generated by the varying
visual properties of stimuli. Further studies should thus consistently report stimulus validation
procedures. Alcohol-related stimuli could also be individualized (i.e. focused on the alcohol
preferentially consumed by each participant). The relevance of the experimental stimuli for the
targeted population is also important to account for, as databases such as the Amsterdam
Beverage Picture Set (Pronk et al., 2015) provide images of beverages consumed in specific
countries, which brands might be unfamiliar for other cultures. New databases using images
of alcohol and non-alcohol beverages should be developed and openly available. Finally, it
should be underlined that most alcohol-related cues presented in experimental settings (e.g.,

pictures of beer, alcoholic beverages words) only present a part of the features related to the
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cues that people experience in naturalistic settings (e.g. the sight and smell of their preferred
drink, in the context of expecting to be able to consume it imminently). Therefore, all AB cues
are to some extent artificial, but pictures might have a better ability than words to evoke an

expectancy or memory of drinking via associative learning mechanisms.

4.2.2. Reliability and validity of AB measures and tasks

Reliability of AB measures and tasks. Most reviewed studies rely upon behavioral data,
particularly percentage of correct answers (frequently related to ceiling effects, and thus of low
informative value) and mean RT. RT measures are however affected by motor and cognitive
processes, as the instructions request encoding stimuli, processing all the information needed
for decision-making and finally executing the appropriate motor response (Hedge et al., 2018;
Miller & Ulrich, 2013). Pennington et al. (2021) also highlighted measurement noises among
studies relying upon difference scores to index AB. By subtracting two measures (i.e., RT for
alcohol-related and control stimuli) usually intercorrelated, this method shows low reliability
and potentially weakens the associations with other variables (Draheim et al., 2019; von
Bastian et al., 2020). Altogether, the use of these noisy measures, combined to the variability
of the image used across studies, the reduced number of stimuli and their repetitions, highly
impact the reliability of the tasks used and the replicability of their findings. Ataya et al. (2012)
criticized the psychometric qualities of the RT-based VPT, after demonstrating its low internal
consistency (a=.00-.50; mean=.18). Several papers provided empirical recommendations to
improve VPT reliability (Jones et al., 2018; Pennington et al., 2021; Price et al., 2019), among
which the systematic report of AB measures reliability indices. They also proposed the use of
individualized stimuli and eye-tracking measures. Indeed, previous studies demonstrated
improved internal reliability for individualized stimuli compared to general ones (0=.73
compared to .19; Christiansen et al., 2015b) and for eye-tracking measures compared to RT

ones (a=.94 compared to .14; Bollen et al., 2020). The VPT therefore appears as a reliable
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task for assessing AB, but only when combined with individualized stimuli and/or eye-tracking

indices.

Validity of AB measures and tasks. Beyond their ability to provide reliable measures
(i.e., how the measure is performed), tasks also raise questions regarding their construct
validity (i.e., which process is measured). Regarding the VPT, inferring AB through RT, as
done in most studies, raises concerns as such measures only offer information about the
location at which participants focused their attention at probe onset. It therefore provides no
information about the successive steps of attentional processing (Field & Cox, 2008).
Depending on the visual exploration strategy (e.g., initial focus on alcohol-related stimulus and
then avoidance of this stimulus), a non-existing AB might be measured or, conversely, a real
AB might be ignored. Regarding the modified Stroop task, slower responses to alcohol-related
words are interpreted as an automatic allocation of increased attention to the semantic
processing of these words. These could also result from patients’ attempts to avoid processing
alcohol-related words (Klein, 2007), leading to a completely different interpretation. However,
RT measures prevent from testing the direction of alcohol-related AB (approach/avoidance
AB). The same limits apply to other classical tasks. The free viewing task combined with eye-
tracking measures does not specifically request participants to pay attention to the cues, since
they are neither presented as distractors nor goal-oriented stimuli. While being more
ecological, the absence of goal-oriented instructions does not ensure that participants are
paying attention to the cues when looking at the screen. Regarding the flicker induced-
blindness paradigm, the structure of the grid might encourage the systematic use of strategic

scanning, limiting attentional capture by the cues (Hobson et al., 2013).

5. Conclusion
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We provided a comprehensive review of the literature on the association between
alcohol-related AB and alcohol use. We highlighted major findings on the time course and
components of AB, as well as experimental support to address the assumptions made by
theoretical models (Bechara, 2005; Robinson & Berridge, 1993; Wiers et al., 2007). More
precisely, we aimed to determine whether AB is stable through contexts and time or fluctuates
alongside motivational state or alcohol use severity. Findings in SAUD showed that AB is
independent of disorder’s severity, but is unstable and influenced by craving or drinking status.
Conversely, studies on subclinical drinkers supported the link between alcohol-related AB and
alcohol consumption intensity. Although this population is not usually characterized by
ambivalent motivations towards alcohol, experimental manipulations of motivational states
also influenced AB, thus supporting the theoretical proposal of an overstatement of its stability
(Field et al., 2016). When interpreting these outcomes, one should bear in mind that we
focused on peer-review published studies, therefore excluding the grey literature. Although
most studies did not find any association between AB and SAUD, a publication bias might
have limited the publication of such null findings. In the same vein, a publication bias may have
influenced conclusions regarding AB in subclinical populations, since most positive findings
were observed in these easier-to-recruit populations. Importantly, future studies should more
frequently perform an a priori power computation or at least justify their sample size, as most
of the reviewed studies relied on small samples without justification and did not report any
statistical power or effect size computation to estimate the strengths of their findings. This a
priori power computation should even be included in a more systematic trend to pre-register
the methods and hypotheses of the planned studies, a practice that has become common in
several scientific domains but that unfortunately remains marginal in AB studies. Finally, our
methodological quality evaluation of the studies allowed us to provide recommendations for
future research to address the main methodological shortcomings (i.e., appropriate use of

stimuli, reliability and validity of AB measures).

47



Acknowledgements

Pierre Maurage (Senior Research Associate) and Zoé Bollen (Junior Research Associates)

are supported by the Belgian Fund for Scientific Research (F.R.S.-FNRS).

Conflict of interest

The authors declare that they have no known competing financial interests that could have

appeared to influence the work reported in this paper.

48



10

11

12

13

14

15

16

17

18
19

20

21

22

References

Albery, I. P., Sharma, D., Noyce, S., Frings, D., & Moss, A. C. (2015). Testing a frequency of
exposure hypothesis in attentional bias for alcohol-related stimuli amongst social
drinkers. Addictive Behaviors Reports, 1, 68-72.

https://doi.org/10.1016/j.abrep.2015.05.001

Armstrong, T., & Olatunji, B. O. (2012). Eye tracking of attention in the affective disorders : A
meta-analytic review and synthesis. Clinical Psychology Review, 32(8), 704-723.

https://doi.org/10.1016/j.cpr.2012.09.004

Ataya, A. F., Adams, S., Mullings, E., Cooper, R. M., Attwood, A. S., & Munafo, M. R. (2012).
Internal reliability of measures of substance-related cognitive bias. Drug and Alcohol

Dependence, 121(1-2), 148-151. https://doi.org/10.1016/j.drugalcdep.2011.08.023

Baker, S., Dickson, J. M., & Field, M. (2014). Implicit priming of conflicting motivational
orientations in heavy drinkers. BMC Psychology, 2(1), 28.

https://doi.org/10.1186/s40359-014-0028-1

Bechara, A. (2005). Decision making, impulse control and loss of willpower to resist drugs : A
neurocognitive  perspective. Nature  Neuroscience, 8(11), 1458-1463.

https://doi.org/10.1038/nn1584

Beraha, E. M., Salemink, E., Krediet, E., & Wiers, R. W. (2018). Can baclofen change alcohol-
related cognitive biases and what is the role of anxiety herein? Journal of

Psychopharmacology, 32(8), 867-875. https://doi.org/10.1177/0269881118780010

Boffo, M., Zerhouni, O., Gronau, Q. F., van Beek, R. J. J., Nikolaou, K., Marsman, M., & Wiers,

R. W. (2019). Cognitive Bias Modification for Behavior Change in Alcohol and Smoking

49



10

11
12
13
14

15

16
17

18

19
20
21
22

23

Addiction : Bayesian Meta-Analysis of Individual Participant Data. Neuropsychology

Review, 29(1), 52-78. https://doi.org/10.1007/s11065-018-9386-4

Bollen, Z., D’Hondt, F., Dormal, V., Lannoy, S., Masson, N., & Maurage, P. (2021).

Understanding attentional biases in severe alcohol use disorder: A combined
behavioral and eye-tracking perspective. Alcohol and Alcoholism, 56(1). Scopus.

https://doi.org/10.1093/alcalc/agaa062

Bollen, Z., Masson, N., Salvaggio, S., D’Hondt, F., & Maurage, P. (2020). Craving is

everything : An eye-tracking exploration of attentional bias in binge drinking. Journal of
Psychopharmacology, 026988112091313.

https://doi.org/10.1177/0269881120913131

Bollen, Z., Pabst, A., Masson, N., Billaux, P., D’Hondt, F., Deleuze, J., De Longueville, X.,

Lambot, C., & Maurage, P. (2021). Alcohol-related attentional biases in recently
detoxified inpatients with severe alcohol use disorder : An eye-tracking approach. Drug
and Alcohol Dependence, 225, 108803.

https://doi.org/10.1016/j.drugalcdep.2021.108803

Brown, C. R. H., Duka, T., & Forster, S. (2018). Attentional capture by alcohol-related stimuli

may be activated involuntarily by top-down search goals. Psychopharmacology,

235(7), 2087-2099. https://doi.org/10.1007/s00213-018-4906-8

Brown, D. R., Jackson, T. C. J., Claus, E. D., Votaw, V. R., Stein, E. R., Robinson, C. S. H.,

Wilson, A. D., Brandt, E., Fratzke, V., Clark, V. P., & Witkiewitz, K. (2020). Decreases
in the Late Positive Potential to Alcohol Images Among Alcohol Treatment Seekers
Following Mindfulness-Based Relapse Prevention. Alcohol and Alcoholism, 55(1),

78-85. https://doi.org/10.1093/alcalc/agz096

50



10

11

12

13

14

15
16
17

18

19

20

21

22

23

Bruce, G., & Jones, B. T. (2004). A pictorial Stroop paradigm reveals an alcohol attentional
bias in heavier compared to lighter social drinkers. Journal of Psychopharmacology,

18(4), 527-533. https://doi.org/10.1177/0269881104047280

Buhler, M., & Mann, K. (2011). Alcohol and the Human Brain : A Systematic Review of Different
Neuroimaging Methods: ALCOHOL AND THE HUMAN BRAIN. Alcoholism: Clinical
and Experimental Research, 35(10), 1771-1793. https://doi.org/10.1111/j.1530-

0277.2011.01540.x

Campanella, S., Schroder, E., Kajosch, H., Noel, X., & Kornreich, C. (2018). Why cognitive
event-related potentials (ERPs) should have a role in the management of alcohol
disorders. Neuroscience & Biobehavioral Reviews.

https://doi.org/10.1016/j.neubiorev.2018.06.016

Carrigan, M. H., Drobes, D. J., & Randall, C. L. (2004). Attentional Bias and Drinking to Cope
With Social Anxiety. Psychology of Addictive Behaviors, 18(4), 374-380.

https://doi.org/10.1037/0893-164X.18.4.374

Ceballos, N. A., Komogortsev, O. V., & Turner, G. M. (2009). Ocular Imaging of Attentional
Bias Among College Students: Automatic and Controlled Processing of Alcohol-
Related Scenes. Journal of Studies on Alcohol and Drugs, 70(5), 652-659.

https://doi.org/10.15288/jsad.2009.70.652

Christiansen, P., & Bloor, J. F. (2014). Individualised but not general alcohol Stroop predicts
alcohol use. Drug and  Alcohol Dependence, 134, 410-413.

https://doi.org/10.1016/j.drugalcdep.2013.10.021

Christiansen, P., Mansfield, R., Duckworth, J., Field, M., & Jones, A. (2015). Internal reliability

of the alcohol-related visual probe task is increased by utilising personalised stimuli

51



10

11

12

13

14

15

16
17

18

19

20

21

and eye-tracking. Drug and Alcohol  Dependence, 155, 170-174.

https://doi.org/10.1016/j.drugalcdep.2015.07.672

Christiansen, P., Schoenmakers, T. M., & Field, M. (2015). Less than meets the eye:
Reappraising the clinical relevance of attentional bias in addiction. Addictive Behaviors,

44, 43-50. https://doi.org/10.1016/j.addbeh.2014.10.005

Clarke, S. P., Sharma, D., & Salter, D. (2015). Examining fast and slow effects for alcohol and
negative emotion in problem and social drinkers. Addiction Research & Theory, 23(1),

24-33. https://doi.org/10.3109/16066359.2014.922961

Colaizzi, J. M., Flagel, S. B., Joyner, M. A., Gearhardt, A. N., Stewart, J. L., & Paulus, M. P.
(2020). Mapping sign-tracking and goal-tracking onto human behaviors. Neuroscience

& Biobehavioral Reviews, 111, 84-94. https://doi.org/10.1016/j.neubiorev.2020.01.018

Cox, W. M., Brown, M. A.; & Rowlands, L. J. (2003). THE EFFECTS OF ALCOHOL CUE
EXPOSURE ON NON-DEPENDENT DRINKERS ATTENTIONAL BIAS FOR
ALCOHOL-RELATED STIMULI.  Alcohol and Alcoholism, 38(1), 45-49.

https://doi.org/10.1093/alcalc/agg010

Cox, W. M., Hogan, L. M., Kristian, M. R., & Race, J. H. (2002). Alcohol attentional bias as a
predictor of alcohol abusers’ treatment outcome. Drug and Alcohol Dependence, 68(3),

237-243. https://doi.org/10.1016/S0376-8716(02)00219-3

Cristea, I. A., Kok, R. N., & Cuijpers, P. (2016). The Effectiveness of Cognitive Bias
Modification Interventions for Substance Addictions: A Meta-Analysis. PLOS ONE,

11(9), e0162226. https://doi.org/10.1371/journal.pone.0162226

52



10

11

12

13

14

15
16
17

18

19
20
21

22

den Uyl, T. E., Gladwin, T. E., Lindenmeyer, J., & Wiers, R. W. (2018). A Clinical Trial with
Combined Transcranial Direct Current Stimulation and Attentional Bias Modification in
Alcohol-Dependent Patients. Alcoholism: Clinical and Experimental Research, 42(10),

1961-1969. https://doi.org/10.1111/acer.13841

DePalma, F. M., Ceballos, N., & Graham, R. (2017). Attentional blink to alcohol cues in binge
drinkers  versus non-binge drinkers.  Addictive  Behaviors, 73, 67-73.

https://doi.org/10.1016/j.addbeh.2017.04.020

Draheim, C., Mashburn, C. A., Martin, J. D., & Engle, R. W. (2019). Reaction time in differential
and developmental research: A review and commentary on the problems and
alternatives. Psychological Bulletin, 145(5), 508-535.

https://doi.org/10.1037/bul0000192

Duka, T., & Townshend, J. M. (2004). The priming effect of alcohol pre-load on attentional bias
to alcohol-related stimuli. Psychopharmacology, 176(3-4), 353-361.

https://doi.org/10.1007/s00213-004-1906-7

Duka, T., Townshend, J. M., Collier, K., & Stephens, D. N. (2002). Kindling of Withdrawal : A
Study of Craving and Anxiety After Multiple Detoxifications in Alcoholic Inpatients:
Alcoholism: Clinical & Experimental Research, 26(6), 785-795.

https://doi.org/10.1097/00000374-200206000-00007

Elton, A., Faulkner, M. L., Robinson, D. L., & Boettiger, C. A. (2021). Acute depletion of
dopamine precursors in the human brain : Effects on functional connectivity and alcohol
attentional bias. Neuropsychopharmacology. https://doi.org/10.1038/s41386-021-

00993-9

53



10
11

12

13

14

15

16

17

18

19

20
21

22

Emery, N. N., & Simons, J. S. (2015). Mood & alcohol-related attentional biases: New
considerations for gender differences and reliability of the visual-probe task. Addictive

Behaviors, 50, 1-5. https://doi.org/10.1016/j.addbeh.2015.06.007

Fadardi, J. S., & Cox, W. M. (2006). Alcohol attentional bias : Drinking salience or cognitive
impairment? Psychopharmacology, 185(2), 169-178. https://doi.org/10.1007/s00213-

005-0268-0

Fadardi, J. S., & Cox, W. M. (2008). Alcohol-attentional bias and motivational structure as
independent predictors of social drinkers’ alcohol consumption. Drug and Alcohol

Dependence, 97(3), 247-256. https://doi.org/10.1016/j.drugalcdep.2008.03.027

Fadardi, J. S., Ziaee, S., & Shamloo, Z. S. (2009). Substance use and the paradox of good
and bad attentional bias. Experimental and Clinical Psychopharmacology, 17(6),

456-463. https://doi.org/10.1037/a0017294

Fernie, G., Christiansen, P., Cole, J. C., Rose, A. K., & Field, M. (2012). Effects of 0.4g/kg
alcohol on attentional bias and alcohol-seeking behaviour in heavy and moderate
social  drinkers.  Journal of  Psychopharmacology, 26(7), 1017-1025.

https://doi.org/10.1177/0269881111434621

Field, M., Christiansen, P., Cole, J., & Goudie, A. (2007). Delay discounting and the alcohol
Stroop in  heavy drinking adolescents.  Addiction, 102(4), 579-586.

https://doi.org/10.1111/j.1360-0443.2007.01743.x

Field, M., & Cox, W. (2008). Attentional bias in addictive behaviors: A review of its
development, causes, and consequences. Drug and Alcohol Dependence, 97(1-2),

1-20. https://doi.org/10.1016/j.drugalcdep.2008.03.030

54



10

11
12

13

14

15

16

17

18

19

20
21

22

Field, M., Hogarth, L., Bleasdale, D., Wright, P., Fernie, G., & Christiansen, P. (2011). Alcohol
expectancy moderates attentional bias for alcohol cues in light drinkers: Alcohol
expectancy and attentional bias. Addiction, 106(6), 1097-1103.

https://doi.org/10.1111/j.1360-0443.2011.03412.x

Field, M., Marhe, R., & Franken, I. H. A. (2014). The clinical relevance of attentional bias in
substance use disorders. CNS Spectrums, 19(03), 225-230.

https://doi.org/10.1017/51092852913000321

Field, M., Mogg, K., & Bradley, B. P. (2005). Craving and cognitive biases for alcohol cues in
social drinkers. Alcohol and Alcoholism, 40(6), 504-510.

https://doi.org/10.1093/alcalc/agh213

Field, M., Mogg, K., Mann, B., Bennett, G. A., & Bradley, B. P. (2013). Attentional biases in
abstinent alcoholics and their association with craving. Psychology of Addictive

Behaviors, 27(1), 71-80. https://doi.org/10.1037/a0029626

Field, M., Mogg, K., Zetteler, J., & Bradley, B. P. (2004). Attentional biases for alcohol cues in
heavy and light social drinkers : The roles of initial orienting and maintained attention.

Psychopharmacology, 176(1), 88-93. https://doi.org/10.1007/s00213-004-1855-1

Field, M., Munafo, M. R., & Franken, I. H. A. (2009). A meta-analytic investigation of the
relationship between attentional bias and subjective craving in substance abuse.

Psychological Bulletin, 135(4), 589-607. https://doi.org/10.1037/a0015843

Field, M., Werthmann, J., Franken, I., Hofmann, W., Hogarth, L., & Roefs, A. (2016). The role
of attentional bias in obesity and addiction. Health Psychology, 35(8), 767-780.

https://doi.org/10.1037/hea0000405

55



10

11

12

13
14

15

16
17

18

19

20

21

Franken, I.H.A. (2003). Drug craving and addiction: integrating psychological and
neuropsychopharmacological approaches. Progress in Neuro-Psychopharmacology
and  Biological  Psychiatry, 27, 563-579. https://doi.org/10.1016/S0278-

5846(03)00081-2

Fridrici, C., Driessen, M., Wingenfeld, K., Kremer, G., Kissler, J., & Beblo, T. (2014).
Investigating biases of attention and memory for alcohol-related and negative words in
alcohol-dependents with and without major depression after day-clinic treatment.

Psychiatry Research, 218(3), 311-318. https://doi.org/10.1016/j.psychres.2014.03.041

Fridrici, C., Leichsenring-Driessen, C., Driessen, M., Wingenfeld, K., Kremer, G., & Beblo, T.
(2013). The individualized alcohol Stroop task : No attentional bias toward personalized
stimuli in alcohol-dependents. Psychology of Addictive Behaviors, 27(1), 62-70.

https://doi.org/10.1037/a0029139

Garland, E. L. (2011). Trait Mindfulness Predicts Attentional and Autonomic Regulation of
Alcohol  Cue-Reactivity.  Journal of Psychophysiology, 25(4), 180-189.

https://doi.org/10.1027/0269-8803/a000060

Gladwin, T. E. (2017). Attentional bias variability and cued attentional bias for alcohol stimuli.
Addiction Research & Theory, 25(1), 32-38.

https://doi.org/10.1080/16066359.2016.1196674

Gladwin, T. E., Banic, M., Figner, B., & Vink, M. (2020). Predictive cues and spatial attentional
bias for alcohol : Manipulations of cue-outcome mapping. Addictive Behaviors, 103,

106247. https://doi.org/10.1016/j.addbeh.2019.106247

56



10

11
12

13

14

15

16

17

18

19

20

21

22

23

Gladwin, T. E., ter Mors-Schulte, M. H. J., Ridderinkhof, K. R., & Wiers, R. W. (2013). Medial
Parietal Cortex Activation Related to Attention Control Involving Alcohol Cues.

Frontiers in Psychiatry, 4. https://doi.org/10.3389/fpsyt.2013.00174

Groefsema, M., Engels, R., Kuntsche, E., Smit, K., & Luijten, M. (2016). Cognitive Biases for
Social Alcohol-Related Pictures and Alcohol Use in Specific Social Settings : An Event-
Level Study. Alcoholism: Clinical and Experimental Research, 40(9), 2001-2010.

https://doi.org/10.1111/acer.13165

Gunn, C., Fairchild, G., Verster, J. C., & Adams, S. (2021). The Effects of Alcohol Hangover
on Response Inhibition and Attentional Bias towards Alcohol-Related Stimuli.

Healthcare, 9(4), 373. https://doi.org/10.3390/healthcare9040373

Hallgren, K., & McCrady, B. (2013). Interference in the alcohol Stroop task with college student
binge drinkers. Journal of Behavioral Health, 2(2), 112.

https://doi.org/10.5455/jbh.20130224082728

Hedge, C., Powell, G., Bompas, A., Vivian-Griffiths, S., & Sumner, P. (2018). Low and variable
correlation between reaction time costs and accuracy costs explained by accumulation
models : Meta-analysis and simulations. Psychological Bulletin, 144(11), 1200-1227.

https://doi.org/10.1037/bul0000164

Heitmann, J., Bennik, E. C., van Hemel-Ruiter, M. E., & de Jong, P. J. (2018). The
effectiveness of attentional bias modification for substance use disorder symptoms in
adults : A systematic review. Systematic Reviews, 7(1).

https://doi.org/10.1186/s13643-018-0822-6

Heitmann, J., & de Jong, P. J. (2021). Attentional Bias in Alcohol and Cannabis Use Disorder

Outpatients as Indexed by an Odd-One-Out Visual Search Task: Evidence for

57



10

11

12

13

14

15

16

17

18

19

20

Speeded Detection of Substance Cues but Not for Heightened Distraction. Frontiers in

Psychology, 12, 626326. https://doi.org/10.3389/fpsyg.2021.626326

Heitmann, J., Jonker, N. C., & de Jong, P. J. (2021). A Promising Candidate to Reliably Index
Attentional Bias Toward Alcohol Cues—An Adapted Odd-One-Out Visual Search Task.

Frontiers in Psychology, 12. Scopus. https://doi.org/10.3389/fpsyg.2021.630461

Heitmann, J., Jonker, N. C., Ostafin, B. D., & de Jong, P. J. (2020). Attentional bias for alcohol
cues in visual search-Increased engagement, difficulty to disengage or both? PloS

One, 15(1), e0228272. https://doi.org/10.1371/journal.pone.0228272

Hermens, D. F., Lagopoulos, J., Tobias-Webb, J., De Regt, T., Dore, G., Juckes, L., Latt, N.,
& Hickie, 1. B. (2013). Pathways to alcohol-induced brain impairment in young people :

A review. Cortex, 49(1), 3-17. https://doi.org/10.1016/j.cortex.2012.05.021

Hobson, J., Bruce, G., & Butler, S. H. (2013). A flicker change blindness task employing eye
tracking reveals an association with levels of craving not consumption. Journal of

Psychopharmacology, 27(1), 93-97. https://doi.org/10.1177/0269881112447990

Jacobus, J., & Tapert, S. F. (2013). Neurotoxic Effects of Alcohol in Adolescence. Annual
Review of Clinical Psychology, 9(1), 703-721. https://doi.org/10.1146/annurev-clinpsy-

050212-185610

Janssen, T., Larsen, H., Vollebergh, W. A. M., & Wiers, R. W. (2015). Longitudinal relations
between cognitive bias and adolescent alcohol use. Addictive Behaviors, 44, 51-57.

https://doi.org/10.1016/j.addbeh.2014.11.018

58



10

11

12

13

14

15
16

17

18
19

20

21

22

23

Jones, A., Christiansen, P., & Field, M. (2018). Failed attempts to improve the reliability of the

alcohol visual probe task following empirical recommendations. Psychology of

Addictive Behaviors, 32(8), 922-932. https://doi.org/10.1037/adb0000414

Jones, A., Hogarth, L., Christiansen, P., Rose, A. K., Martinovic, J., & Field, M. (2012). Reward

expectancy promotes generalized increases in attentional bias for rewarding stimuli.
Quarterly  Journal  of  Experimental = Psychology,  65(12), 2333-2342.

https://doi.org/10.1080/17470218.2012.686513

Jones, A., Worrall, S., Rudin, L., Duckworth, J. J., & Christiansen, P. (2021). May | have your

attention, please? Methodological and analytical flexibility in the addiction stroop.

Addiction Research & Theory, 1-14. https://doi.org/10.1080/16066359.2021.1876847

Jones, B., Jones, B., Blundell, L., & Bruce, G. (2002). Social users of alcohol and cannabis

who detect substance-related changes in a change blindness paradigm report higher
levels of use than those detecting substance-neutral changes. Psychopharmacology,

165(1), 93-96. https://doi.org/10.1007/s00213-002-1264-2

Jones, B. T., Bruce, G., Livingstone, S., & Reed, E. (2006). Alcohol-related attentional bias in

problem drinkers with the flicker change blindness paradigm. Psychology of Addictive

Behaviors, 20(2), 171-177. https://doi.org/10.1037/0893-164X.20.2.171

Jones, B. T., Jones, B. C., Smith, H., & Copley, N. (2003). A flicker paradigm for inducing

change blindness reveals alcohol and cannabis information processing biases in social

users. Addiction, 98(2), 235-244. https://doi.org/10.1046/j.1360-0443.2003.00270.x

Klein, A. A. (2007). Suppression-induced hyperaccessibility of thoughts in abstinent

alcoholics : A preliminary investigation. Behaviour Research and Therapy, 45(1),

169-177. https://doi.org/10.1016/j.brat.2005.12.012

59



10

11

12

13
14
15
16

17

18

19

20

21

22

23

Knight, H. C., Smith, D. T., Knight, D. C., & Ellison, A. (2018). Light social drinkers are more
distracted by irrelevant information from an induced attentional bias than heavy social
drinkers. Psychopharmacology, 235(10), 2967-2978. https://doi.org/10.1007/s00213-

018-4987-4

Langbridge, J. E., Jones, R. D., & Canales, J. J. (2019). A Neurophysiological and Behavioral
Assessment of Interventions Targeting Attention Bias and Sense of Control in Binge
Drinking. Frontiers in Human Neuroscience, 12, 538.

https://doi.org/10.3389/fnhum.2018.00538

Leung, D., Staiger, P. K., Hayden, M., Lum, J. A. G., Hall, K., Manning, V., & Verdejo-Garcia,
A. (2017). Meta-analysis of the relationship between impulsivity and substance-related
cognitive biases. Drug  and  Alcohol  Dependence, 172, 21-33.

https://doi.org/10.1016/j.drugalcdep.2016.11.034

Liberati, A., Altman, D. G., Tetzlaff, J., Mulrow, C., Ggtzsche, P. C., loannidis, J. P. A., Clarke,
M., Devereaux, P. J., Kleijnen, J., & Moher, D. (2009). The PRISMA statement for
reporting systematic reviews and meta-analyses of studies that evaluate health care
interventions : Explanation and elaboration. Journal of Clinical Epidemiology, 62(10),

e1-e34. https://doi.org/10.1016/j.jclinepi.2009.06.006

Littel, M., Euser, A. S., Munafo, M. R., & Franken, |. H. A. (2012). Electrophysiological indices
of biased cognitive processing of substance-related cues: A meta-analysis.
Neuroscience & Biobehavioral Reviews, 36(8), 1803-1816.

https://doi.org/10.1016/j.neubiorev.2012.05.001

Luehring-Jones, P., Louis, C., Dennis-Tiwary, T. A., & Erblich, J. (2017). A Single Session of

Attentional Bias Modification Reduces Alcohol Craving and Implicit Measures of

60



10
11

12

13
14

15

16
17

18

19

20

21

Alcohol Bias in Young Adult Drinkers. Alcoholism: Clinical and Experimental Research,

41(12), 2207-2216. https://doi.org/10.1111/acer.13520

Lusher, J., Chandler, C., & Ball, D. (2004). Alcohol dependence and the alcohol Stroop
paradigm : Evidence and issues. Drug and Alcohol Dependence, 75(3), 225-231.

https://doi.org/10.1016/j.drugalcdep.2004.03.004

Maurage, P., Bollen, Z., Masson, N., & D’'Hondt, F. (2021). Eye Tracking Studies Exploring
Cognitive and Affective Processes among Alcohol Drinkers : A Systematic Review and
Perspectives. Neuropsychology Review, 31(1), 167-201. Scopus.

https://doi.org/10.1007/s11065-020-09458-0

Maurage, P., Masson, N., Bollen, Z., & D’Hondt, F. (2020). Eye tracking correlates of acute
alcohol consumption : A systematic and critical review. Neuroscience & Biobehavioral

Reviews, 108, 400-422. https://doi.org/10.1016/j.neubiorev.2019.10.001

McAteer, Curran, D., & Hanna, D. (2015). Alcohol attention bias in adolescent social drinkers :
An eye tracking study. Psychopharmacology, 232(17), 3183-3191.

https://doi.org/10.1007/s00213-015-3969-z

McAteer, Hanna, D., & Curran, D. (2018). Age-related differences in alcohol attention bias : A
cross-sectional study. Psychopharmacology, 235(8), 2387-2393.

https://doi.org/10.1007/s00213-018-4935-3

McGivern, C., Curran, D., & Hanna, D. (2021). Alcohol attention bias in 14-16 year old
adolescents : An eye tracking study. Psychopharmacology, 238(3), 655-664. Scopus.

https://doi.org/10.1007/s00213-020-05714-6

61



10

11
12

13

14

15

16

17

18

19

20
21

22

Miller, J., & Ulrich, R. (2013). Mental chronometry and individual differences: Modeling
reliabilities and correlations of reaction time means and effect sizes. Psychonomic

Bulletin & Review, 20(5), 819-858. https://doi.org/10.3758/s13423-013-0404-5

Miller, M. A., & Fillmore, M. T. (2010). The effect of image complexity on attentional bias
towards alcohol-related images in adult drinkers. Addiction, 105(5), 883-890.

https://doi.org/10.1111/j.1360-0443.2009.02860.x

Milton, A. L., & Everitt, B. J. (2010). The psychological and neurochemical mechanisms of drug
memory reconsolidation: implications for the treatment of addiction. European Journal
of Neuroscience, 31(12), 2308-2319. https://doi.org/10.1111/j.1460-

9568.2010.07249.x

Monem, R. G., & Fillmore, M. T. (2017). Measuring heightened attention to alcohol in a
naturalistic  setting: A  validation study. Experimental and  Clinical

Psychopharmacology, 25(6), 496-502. https://doi.org/10.1037/pha0000157

Mukherjee, K. (2010). A dual system model of preferences under risk. Psychological Review,

117(1), 243-255. https://doi.org/10.1037/a0017884

Muller-Oehring, E. M., Le Berre, A.-P., Serventi, M., Kalon, E., Haas, A. L., Padula, C. B., &
Schulte, T. (2019). Brain activation to cannabis- and alcohol-related words in alcohol
use disorder. Psychiatry ~ Research:  Neuroimaging, 294, 111005.

https://doi.org/10.1016/j.pscychresns.2019.111005

Murphy, P., & Garavan, H. (2011). Cognitive predictors of problem drinking and AUDIT scores
among college students. Drug and Alcohol Dependence, 115(1-2), 94-100.

https://doi.org/10.1016/j.drugalcdep.2010.10.011

62



10

11
12

13

14

15

16

17

18
19

20

21
22

23

Nikolaou, K., Field, M., & Duka, T. (2013). Alcohol-related cues reduce cognitive control in
social drinkers: Behavioural Pharmacology, 24(1), 29-36.

https://doi.org/10.1097/FBP.0b013e32835cf458

Noél, X., Colmant, M., Van Der Linden, M., Bechara, A., Bullens, Q., Hanak, C., & Verbanck,
P. (2006). Time Course of Attention for Alcohol Cues in Abstinent Alcoholic Patients :
The Role of Initial Orienting. Alcoholism: Clinical and Experimental Research, 30(11),

1871-1877. https://doi.org/10.1111/j.1530-0277.2006.00224 .x

Nutt, D. J., King, L. A., & Phillips, L. D. (2010). Drug harms in the UK : A multicriteria decision
analysis. The Lancet, 376(9752), 1558-1565. https://doi.org/10.1016/S0140-

6736(10)61462-6

Pennington, C. R., Jones, A., Bartlett, J. E., Copeland, A., & Shaw, D. J. (2021). Raising the
bar: Improving methodological rigour in cognitive alcohol research. Addiction,

add.15563. https://doi.org/10.1111/add.15563

Pennington, C. R., Shaw, D. J., Adams, J., Kavanagh, P., Reed, H., Robinson, M., Shave, E.,
& White, H. (2020). Where’s the wine? Heavy social drinkers show attentional bias
towards alcohol in a visual conjunction search task. Addiction, add.14997.

https://doi.org/10.1111/add.14997

Pieters, S., Burk, W. J., Van der Vorst, H., Engels, R. C., & Wiers, R. W. (2014). Impulsive and
Reflective Processes Related to Alcohol Use in Young Adolescents. Frontiers in

Psychiatry, 5. https://doi.org/10.3389/fpsyt.2014.00056

Pieters, S., Van Der Vorst, H., Burk, W. J., Schoenmakers, T. M., Van Den Wildenberg, E.,
Smeets, H. J., Lambrichs, E., Field, M., Engels, R. C. M. E., & Wiers, R. W. (2011).

The effect of the OPRM1 and DRD4 polymorphisms on the relation between attentional

63



10
11

12

13

14

15

16

17

18

19

20
21

22

bias and alcohol use in adolescence and young adulthood. Developmental Cognitive

Neuroscience, 1(4), 591-599. https://doi.org/10.1016/j.dcn.2011.07.008

Popa, L., Selejan, O., Scott, A., Muresanu, D. F., Balea, M., & Rafila, A. (2015). Reading
beyond the glance: Eye tracking in neurosciences. Neurological Sciences, 36(5),

683-688. https://doi.org/10.1007/s10072-015-2076-6

Price, R. B., Brown, V., & Siegle, G. J. (2019). Computational Modeling Applied to the Dot-
Probe Task Yields Improved Reliability and Mechanistic Insights. Biological Psychiatry,

85(7), 606-612. https://doi.org/10.1016/j.biopsych.2018.09.022

Pronk, T., van Deursen, D. S., Beraha, E. M., Larsen, H., & Wiers, R. W. (2015). Validation of
the Amsterdam Beverage Picture Set: A Controlled Picture Set for Cognitive Bias
Measurement and Modification Paradigms. Alcoholism: Clinical and Experimental

Research, 39(10), 2047-2055. https://doi.org/10.1111/acer.12853

Qureshi, A., Monk, R. L., Pennington, C. R., Wilcockson, T. D. W., & Heim, D. (2019). Alcohol-
related attentional bias in a gaze contingency task : Comparing appetitive and non-
appetitive cues. Addictive Behaviors, 90, 312-317.

https://doi.org/10.1016/j.addbeh.2018.11.034

Ramirez, J. J., Monti, P. M., & Colwill, R. M. (2015a). Alcohol-cue exposure effects on craving
and attentional bias in underage college-student drinkers. Psychology of Addictive

Behaviors, 29(2), 317-322. https://doi.org/10.1037/adb0000028

Ramirez, J. J., Monti, P. M., & Colwill, R. M. (2015b). Brief and extended alcohol-cue-exposure
effects on craving and attentional bias. Experimental and Clinical

Psychopharmacology, 23(3), 159-167. https://doi.org/10.1037/pha0000018

64



10

11

12

13

14

15
16

17

18

19

20

21

22

23

Rehm, J., Gmel, G. E., Gmel, G., Hasan, O. S. M., Imtiaz, S., Popova, S., Probst, C., Roerecke,
M., Room, R., Samokhvalov, A. V., Shield, K. D., & Shuper, P. A. (2017). The
relationship between different dimensions of alcohol use and the burden of disease—

An update. Addiction, 112(6), 968-1001. https://doi.org/10.1111/add.13757

Rehm, J., & Shield, K. D. (2019). Global Burden of Disease and the Impact of Mental and
Addictive Disorders. Current Psychiatry Reports, 21(2), 10.

https://doi.org/10.1007/s11920-019-0997-0

Rettie, H. C., Hogan, L. M., & Cox, W. M. (2018). Negative attentional bias for positive
recovery-related words as a predictor of treatment success among individuals with an
alcohol use disorder. Addictive Behaviors, 84, 86-91.

https://doi.org/10.1016/j.addbeh.2018.03.034

Robinson, T. E., & Berridge, K. C. (1993). The neural basis of drug craving : An incentive-
sensitization theory of addiction. Brain Research Reviews, 18(3), 247-291.

https://doi.org/10.1016/0165-0173(93)90013-P

Robinson, T. E., Yager, L. M., Cogan, E. S., & Saunders, B. T. (2014). On the motivational
properties of reward cues: individual differences. Neuropharmacology, 76, 450-459.

https://doi.org/10.1016/j.neuropharm.2013.05.040

Roy-Charland, A., Plamondon, A., Homeniuk, A. S., Flesch, C. A,, Klein, R. M., & Stewart, S.
H. (2017). Attentional bias toward alcohol-related stimuli in heavy drinkers : Evidence
from dynamic eye movement recording. The American Journal of Drug and Alcohol

Abuse, 43(3), 332-340. https://doi.org/10.1080/00952990.2016.1209511

Ryan, F. (2002). Attentional bias and alcohol dependence. Addictive Behaviors, 27(4),

471-482. https://doi.org/10.1016/S0306-4603(01)00183-6

65



10

11

12

13

14

15

16

17

18

19

20

21

22

Saunders, J. B., Aasland, O. G., Babor, T. F., De La Fuente, J. R., & Grant, M. (1993).
Development of the Alcohol Use Disorders Identification Test (AUDIT): WHO
Collaborative Project on Early Detection of Persons with Harmful Alcohol
Consumption-ll.  Addiction,  88(6), 791-804. https://doi.org/10.1111/j.1360-

0443.1993.tb02093.x

Sharbanee, J. M., Stritzke, W. G. K., Wiers, R. W., & MacLeod, C. (2013). Alcohol-related
biases in selective attention and action tendency make distinct contributions to
dysregulated drinking behaviour: Alcohol-biases in selective attention and action

tendency. Addiction, 108(10), 1758-1766. https://doi.org/10.1111/add.12256

Sharma, D., Albery, I. P., & Cook, C. (2001). Selective attentional bias to alcohol related stimuli
in problem drinkers and non-problem drinkers. Addiction, 96(2), 285-295.

https://doi.org/10.1046/).1360-0443.2001.96228512.x

Sinclair, J. M. A., Garner, M., Pasche, S. C., Wood, T. B., & Baldwin, D. S. (2016). Attentional
biases in patients with alcohol dependence : Influence of coexisting psychopathology:
Attentional biases in alcohol-dependent patients. Human Psychopharmacology:

Clinical and Experimental, 31(6), 395-401. https://doi.org/10.1002/hup.2549

Soleymani, A., Ivanov, Y., Mathot, S., & de Jong, P. J. (2020). Free-viewing multi-stimulus eye
tracking task to index attention bias for alcohol versus soda cues : Satisfactory reliability
and criterion validity. Addictive Behaviors, 100, 106117.

https://doi.org/10.1016/j.addbeh.2019.106117

Spanakis, P., Jones, A., Field, M., & Christiansen, P. (2018). A Stroop in the Hand is Worth

Two on the Laptop : Superior Reliability of a Smartphone Based Alcohol Stroop in the

66



10

11

12

13

14

15
16
17

18

19

20

21

Real World. Substance Use & Misuse, 1-7.

https://doi.org/10.1080/10826084.2018.1536716

Stavro, K., Pelletier, J., & Potvin, S. (2013). Widespread and sustained cognitive deficits in
alcoholism: A meta-analysis: Alcoholism and cognition. Addiction Biology, 18(2),

203-213. https://doi.org/10.1111/j.1369-1600.2011.00418.x

Suffoletto, B., Field, M., & Chung, T. (2019). Attentional and approach biases to alcohol cues
among young adult drinkers: An ecological momentary assessment study.

Experimental and Clinical Psychopharmacology. https://doi.org/10.1037/pha0000343

Tibboel, H., De Houwer, J., & Field, M. (2010). Reduced attentional blink for alcohol-related
stimuli in heavy social drinkers. Journal of Psychopharmacology, 24(9), 1349-1356.

https://doi.org/10.1177/0269881109106977

Townshend, J., & Duka, T. (2001). Attentional bias associated with alcohol cues : Differences
between heavy and occasional social drinkers. Psychopharmacology, 157(1), 67-74.

https://doi.org/10.1007/s002130100764

Townshend, J. M., & Duka, T. (2002). PATTERNS OF ALCOHOL DRINKING IN A
POPULATION OF YOUNG SOCIAL DRINKERS: A COMPARISON OF
QUESTIONNAIRE AND DIARY MEASURES. Alcohol and Alcoholism, 37(2), 187-192.

https://doi.org/10.1093/alcalc/37.2.187

Townshend, J. M., & Duka, T. (2005). Binge Drinking, Cognitive Performance and Mood in a
Population of Young Social Drinkers. Alcoholism: Clinical and Experimental Research,

29(3), 317-325. https://doi.org/10.1097/01.ALC.0000156453.05028.F5

67



10

11

12

13

14

15

16

17

18

19

20

21

22

23

Townshend, J. M., & Duka, T. (2007). Avoidance of Alcohol-Related Stimuli in Alcohol-
Dependent Inpatients. Alcoholism: Clinical and Experimental Research, 31(8),

1349-1357. https://doi.org/10.1111/j.1530-0277.2007.00429.x

van den Wildenberg, E., Beckers, M., van Lambaart, F., Conrod, P. J., & Wiers, R. W. (2006).
Is the Strength of Implicit Alcohol Associations Correlated with Alcohol-induced Heart-
rate Acceleration? Alcoholism: Clinical and Experimental Research, 30(8), 1336-1348.

https://doi.org/10.1111/j.1530-0277.2006.00161.x

van Duijvenbode, N., Didden, R., Korzilius, H. P. L. M., & Engels, R. C. M. E. (2016). The
addicted brain: Cognitive biases in problematic drinkers with mild to borderline
intellectual disability: Cognitive biases and mild intellectual disability. Journal of

Intellectual Disability Research, 60(3), 242-253. https://doi.org/10.1111/jir.12244

van Duijvenbode, N., Didden, R., Korzilius, H. P. L. M., & Engels, R. C. M. E. (2017a).
Attentional bias in problematic drinkers with and without mild to borderline intellectual
disability : Attentional bias in drinkers with and without MBID. Journal of Intellectual

Disability Research, 61(3), 255-265. https://doi.org/10.1111/jir.12335

van Duijvenbode, N., Didden, R., Korzilius, H. P. L. M., & Engels, R. C. M. E. (2017b). The
Role of Executive Control and Readiness to Change in Problematic Drinkers with Mild
to Borderline Intellectual Disability. Journal of Applied Research in Intellectual

Disabilities, 30(5), 885-897. https://doi.org/10.1111/jar.12280

van Duijvenbode, N., Didden, R., Voogd, H., Korzilius, H. P. L. M., & Engels, R. C. M. E. (2012).
Cognitive biases in individuals with mild to borderline intellectual disability and alcohol
use-related problems. Research in Developmental Disabilities, 33(6), 1928-1936.

https://doi.org/10.1016/j.ridd.2012.05.026

68



10

11

12

13

14

15

16

17

18
19

20

21

22

23

van Hemel-Ruiter, M. E., de Jong, P. J., Ostafin, B. D., & Wiers, R. W. (2015). Reward
sensitivity, attentional bias, and executive control in early adolescent alcohol use.

Addictive Behaviors, 40, 84-90. https://doi.org/10.1016/j.addbeh.2014.09.004

van Hemel-Ruiter, M. E., Wiers, R. W., Brook, F. G., & de Jong, P. J. (2016). Attentional bias
and executive control in treatment-seeking substance-dependent adolescents: A
cross-sectional and follow-up study. Drug and Alcohol Dependence, 159, 133-141.

https://doi.org/10.1016/j.drugalcdep.2015.12.005

Vollstadt-Klein, S., Loeber, S., von der Goltz, C., Mann, K., & Kiefer, F. (2009). Avoidance of
Alcohol-Related Stimuli Increases During the Early Stage of Abstinence in Alcohol-
Dependent Patients. Alcohol and Alcoholism, 44(5), 458-463.

https://doi.org/10.1093/alcalc/agp056

von Bastian, C. C., Blais, C., Brewer, G. A., Gyurkovics, M., Hedge, C., Katamata, P., Meier,
M. E., Oberauer, K., Rey-Mermet, A., Rouder, J. N., Souza, A. S., Bartsch, L. M.,
Conway, A. R. A,, Draheim, C., Engle, R. W., Friedman, N. P., Frischkorn, G. T.,
Gustavson, D. E., Koch, 1., ... Wiemers, E. A. (2020). Advancing the understanding of
individual differences in attentional control : Theoretical, methodological, and analytical

considerations [Preprint]. PsyArXiv. https://doi.org/10.31234/0sf.io/x3b9k

Waters, H., & Green, M. W. (2003). A demonstration of attentional bias, using a novel dual
task paradigm, towards clinically salient material in recovering alcohol abuse patients?

Psychological Medicine, 33(3), 491-498. https://doi.org/10.1017/S0033291702007237

Weafer, J., & Fillmore, M. T. (2012). Alcohol-related stimuli reduce inhibitory control of behavior
in drinkers. Psychopharmacology, 222(3), 489-498. https://doi.org/10.1007/s00213-

012-2667-3

69



10

11

12

13
14
15

16

17

18

19

20
21
22

23

Weafer, J., & Fillmore, M. T. (2013). Acute alcohol effects on attentional bias in heavy and
moderate drinkers.  Psychology of Addictive Behaviors, 27(1), 32-41.

https://doi.org/10.1037/a0028991

Wiers, C. E., Gladwin, T. E., Ludwig, V. U., Grépper, S., Stuke, H., Gawron, C. K., Wiers, R.
W., Walter, H., & Bermpohl, F. (2016). Comparing Three Cognitive Biases for Alcohol
Cues in Alcohol Dependence. Alcohol and Alcoholism, alcalc;agw063v1.

https://doi.org/10.1093/alcalc/agw063

Wiers, R. W., Bartholow, B. D., van den Wildenberg, E., Thush, C., Engels, R. C. M. E., Sher,
K. J., Grenard, J., Ames, S. L., & Stacy, A. W. (2007). Automatic and controlled
processes and the development of addictive behaviors in adolescents : A review and a
model.  Pharmacology  Biochemistry =~ and  Behavior, 86(2), 263-283.

https://doi.org/10.1016/j.pbb.2006.09.021

Wiers, R. W., Boffo, M., & Field, M. (2018). What’'s in a Trial? On the Importance of
Distinguishing Between Experimental Lab Studies and Randomized Controlled Trials:
The Case of Cognitive Bias Modification and Alcohol Use Disorders. Journal of Studies

on Alcohol and Drugs, 79(3), 333-343.

Wilcockson, T. D. W., & Pothos, E. M. (2015). Measuring inhibitory processes for alcohol-
related attentional biases: Introducing a novel attentional bias measure. Addictive

Behaviors, 44, 88-93. https://doi.org/10.1016/j.addbeh.2014.12.015

Wilcockson, T. D. W., Pothos, E. M., & Parrott, A. C. (2019). Substance usage intention does
not affect attentional bias: Implications from Ecstasy/MDMA users and alcohol
drinkers. Addictive Behaviors, 88, 175-181.

https://doi.org/10.1016/j.addbeh.2018.09.001

70



Willem, L., Vasey, M. W., Beckers, T., Claes, L., & Bijttebier, P. (2013). Cognitive biases and
alcohol use in adolescence and young adulthood: The moderating role of gender,
attentional control and inhibitory control. Personality and Individual Differences, 54(8),

925-930. https://doi.org/10.1016/j.paid.2013.01.015

Zvielli, A., Bernstein, A., & Koster, E. H. W. (2015). Temporal Dynamics of Attentional Bias.
Clinical Psychological Science, 3(5), 772-788.

https://doi.org/10.1177/2167702614551572

71



\e}

Figure captions

Figure 1. PRISMA flow diagram describing the selection and review process of the papers

included.

72



Figure 1.

Identification

Eligibility Screening

Included

Records identified through
database searching
(N=1089)

|

Records after duplicates removed
(N=619)

|

Records screened
(N=619)

Records excluded
(N=363)

Reasons for exclusion:
Mo experimental data (N=216)
Animal study (N=9)
Mo attentional bias measure (N=126)
Mo substance-use measure (N=12)

|

Full-text articles assessed for
eligibility
(N=256)

|

Studies included in qualitative
synthesis
(N=95)

Full-text articles excluded
(N=161)

Reasons for exclusion:
Focus on other substance use or
psychological disorder (N=53)
Mo valid alcohol use measure (N=56)
MNo valid alcohol-related attentional
bias measure (N=41)
Mo investigation of the relation
between alcohol-related attentional
bias and chronic alcohol
consumption (N=11)




Table 1. Overview of experimental paradigms frequently used to assess alcohol AB and the

number of included studies using this task.

Paradigm

Description

Visual probe task
(N=38)

Alcohol Stroop task
(N=28)

Free viewing task
(N=11)

Flicker induced-
blindness paradigm
(N=4)

Gaze contingency
paradigm (N=3)

Odd-One-Out task
(N=3)

Attentional blink
paradigm (N=2)

The task requires the participant to process a probe, following a cue, as quickly and
correctly as possible. First, two pictures (cues), one representing an alcohol-related
stimulus (e.g. alcoholic beverage bottle) and one a neutral stimulus (e.g. non-alcoholic
beverage bottle), are displayed on the left and right side of a computer screen,
respectively. Second, they are replaced by a probe appearing at the location previously
occupied by one of the pictures. The participant has to process the probe (e.g., to
determine the upwards or downwards direction of an arrow constituting the probe).
Faster responses to probes appearing at the location previously occupied by the
alcohol-related cue (compared with the neutral cue) reflect AB toward alcohol-related
stimuli.

The task requires the participant to name as quickly as possible the color of alcohol-
related and neutral matched words presented in different font colors. Slower responses
to alcohol-related words compared with neutral ones index alcohol-related AB,
assuming that the increased automatic allocation of attentional resources to the
semantic processing of alcohol-related words slows down color naming for these words.

The task requires the participant to freely explore the presented stimuli, either depicting
a grid of pictures or complex scenes with alcoholic and non-alcoholic cues. This task is
usually combined with eye-tracking measures to analyse eye movements during the
exploration.

The task requires the participant to detect a brief change in sub-parts of complex stimuli,
either depicting real world scenes or a grid of alcohol-related and neutral pictures.
Alcohol AB are indexed by a faster or more frequent detection of changes concerning
alcohol-related stimuli.

The task requires the participant to stare a fixation target and refrain from producing a
saccade towards the neutral or alcohol-related distractors appearing in other parts of
the screen. The dependent measure is the comparison of “break frequency” rates (i.e.,
the number of times a participant looks at the peripheral stimulus) related to neutral and
alcohol-related stimuli. The task specifically measures the ability to inhibit the
orientation of attentional resources towards peripherally appearing alcohol-related
stimuli.

The task requires the participant to indicate whether images in a matrix are from the
same category of images (i.e., alcoholic drinks, non-alcohol drinks or other objects) or
whether there is an odd-one-out (i.e., target image). Engagement index is calculated by
subtracting the mean reaction time for the alcohol target in neutral distractors trials from
the mean reaction time for the neutral target in neutral distractors trials. Disengagement
index is calculated by subtracting the mean reaction time for the neutral target in neutral
distractors trials from the mean reaction time for the neutral target in alcohol distractors
trials. Positive scores respectively reflect attentional engagement with alcohol cues and
difficulty to disengage attention from alcohol cues.

The task requires the participant to report two targets presented in a rapid serial visual
presentation stream, with a various time lag between them. The identification of the first
target is supposed to temporarily reduce attentional resources, causing the attentional
system to blink, such that subsequent stimuli cannot be fully encoded until attention
recovers. This deficit in the identification of the second target generally appears at short
lags (<500ms). The absence of this attentional blink for alcohol-related second target



Cued visual probe
task (N=2)

Rapid serial visual
presentation task
(N=1)

Spatial cueing task
(N=1)

Alcohol-change
detection task (N=1)

Visual search task
(N=1)

Selective-
attention/action-
tendency task (N=1)

Visual conjunction
search task (N=1)

Dual task paradigm
(N=1)

suggests an increased efficiency to process these cues at early levels, indexing the
presence of an alcohol AB.

A cued version of the visual probe task with priming cues predicting the location of
alcohol-related or neutral stimuli.

The task requires the participant to detect either an alcohol or a non-alcohol target in a
stream of 9 rapidly presented objects, and ignore alcohol or non-alcohol distractors
presented in task-irrelevant parafoveal locations. A detection sensitivity index is
computed based on the proportion of hits and false alarms recorded for alcohol or non-
alcohol targets, with the presence of alcohol or non-alcohol peripheral distractors.

The task requires the participant to direct his/her attention towards alcohol cues
(approach-alcohol block) or non-alcohol cues (avoid-alcohol block), which are randomly
presented to the left or right side of a fixation cross. On 25% of all trials, a probe (i.e. an
abstract arrow pointing up or down) appears after the stimulus. The probe is located at
the attended position on 80% of the trials (valid cue trials), and on the opposite side for
the remaining 20% of trials (invalid cue trials). The participant has to indicate the
orientation of the arrow. Faster responses to probes appearing at the location previously
occupied by the alcohol-related cue (compared with the non-alcohol cue) in valid and
invalid trials reflect AB toward alcohol-related stimuli.

The task requires the participant to detect whether a change has occurred in a grid
comprising four images. Five type of trials are presented with equal frequency: alcohol-
alcohol (i.e. all images originally alcohol-related, one changing into different alcohol-
related image), alcohol-neutral (i.e. all images originally alcohol-related, one changing
into a neutral image), neutral-alcohol (i.e. all images originally neutral, one changing
into an alcohol-related image), neutral-neutral (i.e. all images originally neutral, one
changing into a neutral image) and no-change (i.e. no change occurring) trials. The
participant responds by clicking the right-hand button when a change occurred, and on
the left-hand button when no change was perceived. Sensitivity to change (indexing
alcohol-related AB) was measured via a d-prime based on hit and miss rate.

The task requires the participant to detect in a matrix a target image of the search
category named before the beginning of the task. The matrix is composed of 15 images
from the same category (alcoholic or non-alcoholic drinks) and one different image
(target stimulus). AB index is calculated by subtracting the mean reaction time for
alcohol target trials from the mean reaction time for alcohol distractors trials. Higher
positive scores reflect stronger AB for alcohol.

The task requires the participant to identify a first probe and then keep or shift its
attentional focus (selective-attention assessment ftrials) or hand (action-tendency
assessment trials) on the location of the first probe to identify a second probe and report
whether their orientation was matched. An alcoholic or non-alcoholic beverage image
appears between the presentation of the two probes. AB is indexed by facilitated
response times on trials requiring shifting towards the alcohol relative to non-alcohol
stimuli (engagement trials), or by impaired response times on trials that require shifting
away from the alcohol relative to non-alcohol stimuli (disengagement trials).

The task requires the participant to detect whether a left-hanging alcoholic or non-
alcoholic target is present or absent within arrays of alcoholic and non-alcoholic
distractors. The participant responds by clicking on the target location with the computer
mouse when the target is present, and clicking anywhere within the black background
surrounding the array when the target is absent. The dependent variable is the reaction
time for correct responses, with quicker reaction time for alcoholic targets indexing
alcohol-related AB.

The task requires the participant to perform an odd/even decision task with a centrally
presented number while also performing a peripherally presented lexical decision task



with alcohol-related or neutral words. The participant is then asked to recall the words
presented in the peripheral task.
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Between-subject
design:
High exposure Alcohol interference for high
(N=21) consumption group, regardless their
Low exposure alcohol exposure, and for low . L .
Al - Social drinkers with (N=22) 3 25 alcohol-related consumption group with high Attennongl bias is observed in
eryetal | 43 NR NR NR high/low exposure AUDIT NR None Alcohol AB Modified Stroop STAI words Behavioral |Reaction time exposure Small sample size heavy drinkers, but depends
(2015) 0 bar and pub Median split on 2 task on alcohol exposure in light
questions of AUDIT: 25 neutral words Repeated exposure of alcohol words drinkers
High consumption did not influence the interference
(N=21) scores for either groups
Low consumption
(N=22)
No effect of implicit priming of
Age < 25 or > 60 . motivational orientations on AB
Between-subject Gender
design: . Alcohol AB . 10 alcohol-related Avoidance AB for alcohol cues -~ I . .
Baker of 3054 Currenhgé péei:lssct)rzlél?stance Heavy drinkers [>14 AUDIT Alcohol-appetitive EIrEndulga:LOennt Visual probe task images presented for 50 ms Invalidation of reaction time | No !nf!uence of §Ub!lmlna|
(2014) ’ 110 8 61) 37.27% (women) or >21 TLFB NR (N=38) Statyus Alcohol approach Stimulus-response None Behavioral [Reaction time . mea.?.uresfcaused by priming of motlvatlonall
' Psvchiatric disord (men) doses/week] AAAQ Alcohol-aversive and avoidance > TeSP 10 matched No AB for cues presented for 500 'mposition of a response orientations on automatic
sychiatric disorder (N=36) AUDIT bias compatibility task control images ms window alcohol cognitions
Positive breath alcohol level Control (N=36) ARAQ
Weak positive correlation between
AUDIT and AB on the 500 ms block
Age <18or>70 Detoxified SAUD
Psychiatric disorder (other patients (DSVY) Age Niengditi:\;i%rrrt?;d At baseline, AB towards alcohol at
h i i - ’
t anggglr:rscsjil:g;dagglety, [>14 (women) or Gender Alcohol AB personalized stress 15 alci:r%k;olerselated 500ms and avoidance AB for alcohol| No control condition for the
>21 (men) . Employment Alcohol approach imagery task 9 at 1500ms negative mood induction to After negative mood induction
Beraha et al 44.7 Substance use disorder dofﬁ §/ V\t'ﬁek fort 190 EAUDLTS| Betw:jeeq-su.bject Ma;l‘tlal Eta:tus and avoidance . 15 soft drink precise its effect on AB SAUD patients showed ’
. 143 . 68.509% (other than alcohol or month in the pas urop NR esign: cohol bi Visual probe task STAI . . ... |Att2, the baclofen group showed an
(2018) (9.7) ° icotine d days] TFLB Baclofen (N=83) | consumption 1as Images Behavioral ||Reaction time avoidance AB for alcohol at 500ms | Additional effect of baclofen approach AB at 500ms and
hicotine dependence) OCDS Placebo (N=60) variables Alcohol-related Approach- SAM 14 neqative to psychotherapy might have av0|d|ancr:1e lABla: 1d500ms for
<0.5 % breath alcohol [2 hee}vy drinking AUDIT memory avoidance task images (%e ative No differential change regarding AB| been limited, potentially alcohol-refated cues
concentration days, i.e. >5 units OCDS associations ﬁller tria?s) in baclofen group compared to reducing its effect on AB
(women) or >6 units STAI Brief implicit control group
Exclusion criteria related to (men) ir:jthe]past 90 association test
ays
baclofen
Personal or family’s history of AUDIT Longer dwell times for soft
SAUD . . . Between-subject compared to alcohol in control
Binge Drinkers Consumption speed design: BDI-13 Alcohol-related participants but not in binge drinkers
Daily alcohol consumption (binge drinking Binge drinkers images Reaction time Higher visual complexity in
21.36 S score=22; AUDIT Drunkenness (n=42) STAI Longer dwell times for food food stimuli AB in binge drinking occurred
Bollen et al (2.20) Neuropsychiatric disorder score=9) frequency and ration Control participants Age Matched soft drink| Behavioral First fixation compared to alcohol in both groups at the later stages of
(2020) ’ 85 47.05% anq su_bstance use (except None (n=43) Alcohol AB Visual probe task UPPS-P images dir Df[i In No personalised stimuli attentional processing in
21.07 nicotine and. occasional Cont.rol participants Doses/wegk and Gender Eye-tracking ectio Positive correlation between craving presence of high craving and
(2.00) cannabis use) (blnge1 drinking /occasion Median splits on VAS High and low- Dwell time and dwell time for alcohol No total randomization in | might be generalized to other
score<12; AUDIT craving: calorie food tasks’ order appetitive stimuli
Uncorrected visual deficits score<9) Drinking and binge High cravers ACQ-SF-R images Longer dwell times for alcohol
drinking Low cravers compared to soft only in binge
Vegan/vegetarian diets occasions/week drinkers with high craving
Shorter dwell times for alcohol cues
and less second fixation towards
N . N Icohol after a first fixation on soft in
Psychiatric or neurological Reaction time |2 .
comorbidities Detoxified SAUD BDI-13 SAUD patients compared to controls) sample size
patients (DSM-V) . First fixation . I .
49.88 Polysubstance use disorder | following inpatient Between-subject STAI Alcohol-related duration and High re“ab'“.ty O.f dwell “'T‘e and - -
Yy g inp .
o design: . : C second fixation direction No sufficient statistical power .
Bollen et al. (8.7) 50% treatment AUDIT Nicotine SAUD patients Age images Behavioral direction for correlational analvses Detoxified patients with SAUD
5021 51 For controls: b Alcohol AB Visual probe task UPPS-P . y present an alcohol-related
( ) 49.52 | 51.85% | Past or present psychiatric |Control participants | Doses/week and /day dependence (n_24) . Sex Matched neutral | Eye-tracking Second No dlf.ferg-nce betwgen groups a'nd avoidance AB
(10.1) disorder (< 10 doses/week Control participants VAS images fixation low reliability regarding reaction time| No evaluation of patient’s
<3 doses/day ’ (n=27) direction and first fixation indexes feelings and thoughts about
Personal or family’s history off AUDIT score<é) OCDS " . alcohol use at testing time
SAUD . Positive correlation between dwell
Dwell time |.. :
times for alcohol cues and craving or
depression in SAUD patients, and
with impulsivity in controls
Interference only for goal congruent
distractors
Exp 1a: 22 Larger goal congruent distraction for
12 (2.45) alcohol than non-alcohol distractors
71.43%
Exp 1b: | 20.44 I Alcohol-related Task No interference when alcohol
No alcohol i
Brown et al 16 (2.06) | 23.08% oa c%eolaz?r:sgmﬁtlon n AUDIT None (within- Goal-driven Rapid serial visual images performance | images are held in working memory Lack of variation in alcohol Involuntary alcg)hpljttenélgnal
2018 ’ Social drinkers NR . . NA attentional capture presentation AEAS Behavioral | (A’ detection but goal incongruent ack ol variation in aicono captulre can be inducead by
( ) Expic: | 21.6 | 30.43% Non-drinkers AUQ subject design) of alcohol paradigm Matched neutral sensitivity dependence in the sample manipulating goal-drlven
60 (3.91) images index) No difference of performance mechanisms
7917% between high and low AUD risk
Exp2: | 21.37 (based on AUDIT score)
43 (2.25)
No correlation between task
performance and alcohol
consumption
B —
etwgs; su.bject Positive correlation between AB
gn:
Low hazardous score and AUDIT
drinkers (N=15) -
; Alcohol-related Increased AB score in high (vs low) e . .
H .
|gh hazar(ious images hazardous drinkers Unclear distinction between [High ha;ardous drinkers were
Brown et al 29 20.56 25 645, N U ] drinkers (N=24) Alcohol AB Gaze contingency Break alcohol-related and general | more distracted by alcohol-
’ ) .649 one niversity students AUDIT NR N - i . . inhibi i
(2020) (2.11) ° versity stu Median split on one Inhibitory control task PSQl Matched neutral Eye-tracking frequency No correlation between sleeping inhibitory control rienlg‘taecl:]n;:\gﬁs ”ﬁﬁ l.?w onﬁs,
PSQl score: images (office behavior and AUDIT or AB scores Limi . P y of their quaiity
: supplies) imited to student population of sleep
G .
00(?\]3;2)‘) ers No difference between good and
Bas sleepers bad sleepers in terms of AUDIT or
(N=15) AB scores
Median split on . . .
Atypical alcohol consumption heaviest drinking Alcohol-related %'gssérilf:%?%g:gfgigﬁ (;':ir?lf:rvsy
in the previous week day of the previous images and
Bruce & 29.5 . . k: ictori . i . i
Jones (2004) 30 (13.7) 46.67% Work in alcohol industry Social drinkers TLFB NR Heav;g??jrinkers None Alcohol AB P'Cg;rr':ld%tr:?()p None scenes Behavioral Rﬁ;‘gfn No correlation between alcohol NR t?ﬁ::/gsdr;nkﬁrsljr]orvzd AB
(n=15) Neutral images interference and alcohol alcohol-refated cues
Family’s history of SAUD Lighter drinkers and scenes consumption on the heaviest
(n=15) drinking day




Positive correlation between alcohol
interference scores and alcohol
dependence or drinking coping

. AESES :
Non-drinkers Alcohol-related motives
Color blindness QFV Alcohol AB DAM words No correlation between alcohol Only one measure of AB Alcohol AB is related to both
Carrigan et 33.42 o Community . . None (correlational Modified Stroop . . Reaction interference scores and social . . .
al. (2004) 79 (10.85) 54% Benzodiazepine use volunteers Social anxiety analyses) NA task SIAS Social threat Behavioral times anxiety or quantity-frequency of Unclear interpretation of severity of alcohol use and
) ’ P SADD y Social threat AB words glcoh%l coné/um qtion y Stroop results regarding the drinking to cope
Alcohol consumption earlier SPS P direction of AB
in the day of participation DEQ Neutral words Higher alcohol interference scores in
participants reporting more frequent
use of alcohol in anticipation of
social situations
Too homogeneous sample
Positive correlation between (small, mainly white males)
e quantity-frequency of alcohol . I .
QFl 20 alcohol-related Initial fixation consumption and initial fixation / Lack %f |Inv§st||gfat|on of '”‘efﬁs'ty. of alllcogol both
. . . . scenes . dwell time on alcohol-related stimuli psychological factors consumption is related to bot
Ceballos et 26 20.62 84.61% Poor quality of eye-tracking Undergraduate Ade at first drink NR None (correlational NA Alcohol AB Free visual None Eve-trackin Dwell time associated with alcohol controlled (dwell time) and
al. (2009) (2.0) e data students 9 analyses) exploration y 9 . . consumption on college automatic (initial fixation)
20 matched . No correlation between quantity- )
. . Pupillary . campuses attentional processes of
Days since last drink neutral scenes . frequency of alcohol consumption
diameter S T alcohol AB
and pupil diameter during fixation of M ki lated
alcohol-related stimuli ore eye-tracking-relate
metrics could have been
measured
Soft drink words .
Current or past alcohol use Undergraduate General and Ntfe?vi\rgzr? r\llc(:;,'s?ér:zagtit%ré tti:sis PC:EQSSLS;%?XBeﬁfJﬁ:tS Individualised Stroop task
Christiansen P ergra AUDIT o . T ; . individualised Stroop task |shows higher predictive value
& Bloor 48 21.48 29.17% disorder social drinkers NR None (within- NA Alcohol AB Modified Stroop DAQ individualized Behavioral Reaction caused by the blocked format| of alcohol consumption than
(2.92) e (>0 drinking subject design) task alcohol-related times Individualised but not general y P
(2014) c . : TLFB : . . the general alcohol Stroop
olor blindness occasion/week) words alcohol Stroop bias predicts variance Word | h hed i K
in alcohol involvement or 'e'ngt S unmatched in tas
Neutral words the individualised Stroop task
Increased internal reliability of the
visual probe task when using dwell
General and fime (compared to reaction time) and Eye tracking measure and
Current or past alcohol use AUDIT individualized Reaction personalized stimuli personalized stimuli increase
Christiansen 20.02 diF;order Social drinkers None alcohol-related Behavioral times Increased intensity of attentional Unmatched picture sets the internal reliability of the
etal. (2015b) 60 @ 64) 35% (>0 drinking TLFB NR (within-subject NA Alcohol AB Visual probe task DAQ scenes bias at behavioyral level for regarding presence of faces | visual probe task, but AB is
Wearing eyeglasses occasion/week) design) Eye-tracking Dwell time personalized stimuli and items depicted not correlated with
Doses/week Matched neutral consumption/craving (indexing
scenes No correlation between attentional poor construct validity)
bias and alcohol consumption or
craving
Fast and slow interference for o .
alcohol words in SAUD and social No staniir\;ji:rséitrlggn?f testing
. Between-subject drinkers .
SA(‘SL;D. 45.55 Colour blindness . designs: Alcohol-related . No unprimed SAUD patients pﬁfggg;é?iﬂnsﬁlﬁgggtis;ﬁ
(9.04) 54.8% SAUD patients SAUD patients Ade words No fast but slow interference for and social drinkers only when
Controls: o llliteracy (ICD-10) receiving (n=62) ’ Alcohol AB Error rates | negative words in SAUD and social Lack of confounding variable |primed about the preseyntation
Clarke et al. 60 43.2 53.3% treatment KAT NR Controls (n=59) Ethnicity Modified Stroop None Negative emotion | Behavioral . drinkers measures (urinalysis, of alcohol-related words
(2019) (1409 Brain injury Social drinkers Primed control n':Batt?\gaégtsas tack words Rﬁ?ncélson Positive correlation between alcohol prescribed medication or illicit
Unprimed 45% Gender 9 . ) drugs taken, alcohol Stroop effect might be due to
.| 32.93 . I (controls) (n=60) consumption and AB in the slow . A
controls: (16.18) Learning disability Unorimed control Neutral words r0CESS abstinence, mood levels) implicit priming effect of the
40 . p (1240) P experimental procedure
Alcohol interference only observed Unrelﬁg’gg}g:?}?’;’mted
in the primed control group
Between-subject
T1: design (T1): No difference in alcohol interference
23 SAUD patients Treatment 10 individualized between treatment completers, non- .
T2: (DSM-IV) from completers (n=14) alcoholic beverage completers and controls at T1 tr:aattrlr?g;? gwho?/vztjjcgienficljar
T1: T2: inpatient Treatment non- Alcohol AB brands (before treatment) attern of AB than controls
Cox et al 20 41.9 detoxification and completers (n=9) Modified Stroo Reaction Control group revealed to be P while patients with
) (10.6) | 78.6% [History of psychiatric disorder| treatment unit KAT NR Controls (n=20) Age AB towards P Abridged MSQ| 10 individualized | Behavioral : Patients with unsuccessful SAUD group. . P
(2002) . task times . heavy social drinkers unsuccessful treatment
T2: concern-related concern-related treatment showed increased alcohol . .
o ; : showed an increase in alcohol
14 37.3 25% Controls (non- Between-subject cues words interference from T1 to T2 (4 weeks AB 4 ) .
: : ; . . weeks after their entry in
(10.3) abusers but heavy design (T2): later) while patients with successful treatment
T2: social drinkers) SAUD patients Keyboard symbols treatment and controls showed
16 (n=14) similar responding pattern
Controls (n=16)
Betwg:sr}—sngbject Alcohol-related
Beer expg)oéure words/brands
Color blindness Soft drink exposure Beverage Soft drink AAAI scores and alcohol cue Alcohol AB occurred in heavy
Cox et al. o Undergraduate Modified Stroop . words/brands . Reaction exposure predicted alcohol . : .
(2003) 80 NR 6.25% Alcohol consumption in the students KAT NR Uppgr and lower None Alcohol AB task salllency' Behavioral times interference scores in heavy NR drinkers W|th.pr|or exposure to
thirds of the questionnaire . ; alcoholic beverage
last 6 hour distribution on AAAI Cleaning-related consumers but not in low consumers
scores: words/brands
Low consumers XXXXX
Heavy consumers
At baseline, no correlation between
AB score and alcohol problems or
craving
Between-subject
design: Alcohol-related The overall AB went from a slight
Real-ABM active- Alcohol AB Visual probe task BDI images avoidance to more neutral at post- Unreliability of the visual
. . . tDCS (n=21) assessment regardless of the probe task -
Neurological disorder SAUD patients . .- i . . . No beneficial effect of tDCS or
denUyletal.| g5 | 4860 | 25 590, following inpatient AUDIT Smokers (60) [CONIro-ABM active- NR Approach and | IMPlicit Association|  paes |\Matched soft drink| Behavioral | eaction intervention . AB modification on alcohol AB
(2018) (0.94) tDCS exclusion criteria treatment IDCS (n=20) avoidance Task images times High drop-out at follow-up or implicit association
Real-ABM sham- associations SCL-90-R During AB modification training,
tDCS (n=20) ABM task Neutral images stronger avoidance alcohol AB only Low sample
Control-ABM sham- 9 in real-ABM active-tDCS group
n= when 4 sessions combine:
tDCS (n=22 hen 4 i bined
No effect of AB modification training
on relapse
Non-binge drinkers showed an early
attentional blink, however reduced -
Binge drinkers Between-subiect for alcohol compared to control Lac;ﬁ;g?igiﬁf‘%ﬂg; and
(QFls>0 and >0 L ) images y 9 y
binge drinking Bin dgsdlﬁrq{(ers wg‘rlgghaonl-dr?ﬁ;edes Generic alcohol-related cues Binge drinkers showed no
episode in the past AUDIT (wordgtask) (n=22) 9 Delayed attentional blink for non- alcohol attentional blink,
DePalma et 214 6 months) Non binge drinkers Attentional blink DAQ Soft drink-related . alcohol targets in binge drinkers Tasks recruitment with time suggesting a more efficient
94 28.72 Age<18 BDQ NR NR Alcohol AB . . Behavioral Accuracy . : processing of alcohol-related
al. (2017) (3.9) Non binge drinkers (ngrr? le:i)n(kn(;zs) paradigm qFH words and images No evidence for alcohol attentional dlrsécr:gg;r;gﬁ;r(]?o cues at early levels of
(QFIs>0 and 0 QFlI . 9 blink in binge drinkers encoding and indexing the
; S (image task) (n=25) Neutral words and
binge drinking : : . . I presence of an alcohol AB
episode in the past Non binge drinkers images Higher AUDIT scores and family No investigation of acute
6 months) (image task) (n=14) history of SAUD are related with effects. of binge drinking
reduced alcohol attentional blink episodes on AB
only in binge drinkers
36 38.6 58.33% Age<25 or >65 SAUD patients AUQ Depression Between-subject Age Modified Stroop AEQ Alcohol-related SAUD patients (LO-med and HI- [No severe dependence in the
(2.1) (DSM-IV or ICD-10) (n=2) . Alcohol AB tasks words Error rates . . . .
) . . . . design: med) made more errors in Stroop recruited patients Both group of patients showed
Dukaetal. | ¢ 509% | Notabstinence attesting | following inpatient SADQ LO-med (<2 Gender DAQ Behavioral with alcohol-related words than alcohol AB, independently of
(2002) 35.7 ° time treatment for lllicit substance medicall Additional Impulsivity and Positive emotional Reaction controls Undergoing an intensive | the numbe; of deﬁoxificati)(/)ns
(2.5) o minimum 2 weeks Alcohol-related use disorder aty cognitive functions| Vigilance task NART words times gong
43 53.49% supervised Verbal IQ program of psychotherapy

For social drinkers:

information

(n=16)




37.3 Social drinkers detoxifications) Maze tasks POMS Negative No difference in terms of reaction | that might change cognitive
(2.0) Mental, neurological or (n=36) emotional times processes
chronic disorder Hl-med (>2 STAI withdrawal-related
medically words
Under drug treatment supervised TCI
detoxifications)
(n=6)
Social drinker
controls (n=43)
For the visual probe task:
Age<18 or >35 Faster regction times fo_r congruent
. . Alccz)uheoltrfésofﬁlryailrll %agg;ll(%agics)hp Alcohol administration in small
20.7 Too high (62) or low (<10) Between-subject Gender Neqative correlatio.n between ’ doses can prime alcohol AB
(0.7) weekly alcohol consumption design (alcohol Alcohol-related alcoho? AB and AUQ only in 0.6g/kg while high doses would induce
Duka & 21 Pevhiat ool AEQ o pr(;loazd):m) Age Visual probe task DAQ images or words R?action group y ) da state of r?atiatlion andf
. sychiatric or neurologica . . acebo (n= . imes ) ecrease the salience o
TOE’;%%T)’”" 48 | g | 0 disorder Social drinkers ALQ NR Alcohol 0.3g/kg a°jgsévé’§f’ek Alcohol AB 1 1 dified Stroop soms | Matched neutral Behavioral For the Stroop task: NR alcohol-related stimuli
(n=16) Alcohol Task (stationery) Error rates The 0.6g/kg group made mo.re errors|
21.6 History of drug or alcohol Alcohol 0.6g/kg expectancies images or words 9 thg g thp rar Pre-load of high doses
(0.6) abuse (n=16) P an other groups. increase the errors made on
Altered metabolism of alcohol Positive corre]ation between alcphol the Stroop task
AB scores in both tasks only in
0.6g/kg group
Visual probe task:
Past neurological or Greater alcohol AB in individuals
psychiatric diagnoses Moderate social reporting greater current binge
: drinking
Contraindications for fMRI or dodsrtlanslj\?v[esetﬁ 0 No direct measure of
amino acid depletion lifetime bir’lge With ‘ Age Visual probe task _ Reaction time P/T .depletion rgduced alcohol AB, dopamine levels _
_ episodes and none AUQ |th|n-_subject Alcohol AB 3 _ AIcohoI-reIated Behavioral this effect bellng modergted by P/T deplgtlon reduc_:ed_ a}lcohol
Elton et al. 34 26.3 100 Current psychoactive drug last year) NR design: Education Modified attentional None pictures Accurac current binge drinking Only male sample AB, particularly in individuals
(2021) ’ use y CAUPQ P/T depletion Reward AB blink task Resting-state y y P reporting higher levels of past
. . Placebo . Neutral pictures fMRI Attentional blink task: . or current binge drinking
History of substance use Bérl,gsisd/wek:fﬁy Familial SAUD Reward task fMRI data P/T depletion reduced alcohol AB, Baef?;vtlﬁgrra;sttaiskii);gc;rgid
disorder binge episod,e_s in this effect being moderated by 9
. the last year) adolescent binge drinking and
Moderate drinkers: mediated by decreased in functional
Current or past AUD activity between FIC and striatum,
and between ACC and amygdala
Higher alcohol AB in men
Poor split-half and test-retest could be caused by higher
Between-subject reliability of the visual probe task alcohol consumption in this
E design (mood Alcohol—related _ group or by gender
mery & 19.85 College students induction): PANAS pictures Reaction Alcohol AB was predicted by alcohol Poor reliability of the visual differences in neural
Simons 100 ) 39% NR (>0 dose in the past DDQ NR : : NR Alcohol AB Visual probe task Behavioral : consumption for men but not women y processes
(2015) (1.45) 90 days) Neggt'lve (n=33) DMQ-R Matched neutral times probe task
Z%SJR\;? ((:;gg)) pictures Mood induction and drinking motives Lack of findings regarding
did not predict alcohol AB mood induction might be due
to the low reliability of the
visual probe task
SAUD patients showed higher
classic and alcohol interference
scores than social drinkers Findings could not be
generalized to other
Patients: neurological . Between-subject . Negative correlation between SILS |measures of alcohol AB (e.g.,
43.80 . : . SAUD patients from Lo Classic and . . )
o impairment, comorbid : . design: Alcohol AB oo 28 alcohol-related score and classic and alcohol visual probe task, flicker . .
Fadardi & 134 (7.95) 72% psychopathology Inpatient treatment AUQ None SAUD patients None mOd'f'; dsl? troop None words Behavioral Reaction interference scores paradigm) A;C'%hr?éf‘fn'grtse'?auc? g‘attrlwi?rts
Cox (2006) 24.13 37% . Social drinkers SMAST .(n=4_7) Inhipition a.nq. times general cognitive impairment
9 535) Controls: nondrinkers, >6 (SMAST score<2) Social drinkers cognitive flexibility SILS 28 neutral words Positive correlation between classic Age and education not
) doses the night before (n=87) and alcohol interference scores |[statistically controlled through
covariance analysis (for
Larger alcohol interference scores in collinearity issue)
SAUD patients even after controlling
for SILS and classic interference
Males: Alcohol AB Ccllla;'ss(ljcse;nd Alcohol AB and maladaptive AlCOh?I.AB dandl rq%tlvgtlor;al
22.19 Nondrink - modified Stroop PCI motivation both positively predicted | SXPlained only 11.5% o .
. (6.99) ondrinkers ' . AUQ . Inhlpltlon a.n(.:i_ task 28 alcohol-related . alcohol consumption variance Alcohol AB p_redlcted alcohol
Fadardi & 36.78% Social drinkers NR None (regression NA cognitive flexibility Emotional- words Behavioral Reaction consumption independently of
Cox (2008) 87 Females 12721 Alcohol consumption the | (SMAST score<2) SMAST analyses) SILS \r/n? |rc1>na ehaviora times Alcohol AB did not mediate th Assessment of motivational maladaptive motivational
2413 night before Memory for raat(ian;se 28 neutral words effec(t:: ch) mala cilapr:ﬁ/emn?otlfr:‘/:tior?on structure was indirect and structure
(9.35) alcohol-related Post-Stroop alcohol consumption based on distal reasons for
cues memory task drinking
Harmful and hazardous drinkers
showed higher alcohol interference
Social drinkers [<14 CSSRI than social drinkers
women) or <21
(n(1en) dos)es/week] PANAS Alcohol-related Alcohol consumption was predicted Alcohol AB is associated with
30.35 Between-subject Alcohol and words by alcohol interference scores after the amount of alcohol
(12.42) 14% Age<18 Hazardous drinkers s Q?S(;g.ni( concern-related AB Classic and PCI Matched | controlling Ifor age, gefnder, affects N . . consumption
. o = . - . . .
Cox (2009) 200 (3.91) 28% Alcohol consumption in the 35322 /svn;ii)] NR Hazardous drinkers NR Cognitive flexibility tasks RTCQ Behavioral times AB training decreased alcohol and |evaluate AACTP intervention giéﬁ')?';:% gﬁg?ﬂﬁg:zgg
87% last 6h SIP (n=68) AB modification AACTP scQ Individualized classic but not concern-related motivation to reduce drinkin
40.75 Harmiul drink Harmful drinkers alcoholic and non- interference scores in hazardous in hazard nd harmf lg
(15.86) armiul drinkers (n=92) alcoholic beverage and harmful drinkers i hazardous a armtu
[>35 (women) or SRI images drinkers
>50 (men) DRIE AB training decreased alcohol
doses/week] consumption in harmful drinkers and
increased motivation to in hazardous
and harmful drinkers
Alcohol dependence
lliness increasing alcohol Visual probe task No behavioral AB ip moderate and
sensitivity Between-subject Bogus taste test heavy drinkers
Heavy drinkers [>21 design: DAQ-brief . . - .
Drugs interacting with alcohol|  (men) or >14 Heavy drinkers Approach- 10 alcohol-related Higher FJweII time for alcohol-related Eartnmpants were not Alcohol AB’ as indexed by
consumption (women) (n=26) avoidance task AAAQ scenes . cues in heavy drinkers aftgr bo.th required to at_)staln for >1 day eyg-tracklng measures, was
. doses/week] AUDIT Moderate drinkers Age Alcohol AB Behavioral Rgactlon alcohol and placebo administration | and thu; mlght have been mcygasec? aftgr alcohol
Fe;glgét) o 55 (221 82) 49% Age<18 or >30 NR (n=26) Cognitive Controlled oral BIS-11 10 matched fimes Higher dwell time for alcohol-related recently Ir;::r)?c:tgcrj or under a(cjirrr']r;rlllsnatlﬁn o mcr)]derate
’ Moderate drinkers TLFB Gender 9 words association neutral scenes | Eye-tracking . gne ) gov arinkers whereas neavy
No drinking occasion (=5 | [<22 (men) or <15 Within-subject measures task SIS (stationery Dwell time |cues in moderate d_rlrl1kers.only after o drmkerg showed an alcohol
drinks) in the last 14 days (women) design: objects) alcohol administration No. measures of |n.|t|al AB |nd¢pgndently of
doses/week] 0.4g/kg alcohol Cued go/no-go task TRI . orienting of attention intoxication level
Aversion or allergy for Placebo No correlation betwegn alcohol AB
presented stimuli Delay discounting and alcohol consumption during the
task taste test after administration
Pregnancy, breastfeeding
Heavy drinkers showed greater AB
Liah ial drinker et ) scores than light drinkers when
(g1t)s(§)c?saesc/jweei)s Betwg:sr}gsnu:bject A Visual probe task Alcohol urge Alcohol-related d stitrp uli ag%gresgr;tgggor Iogg?r t Heavy drinkers showed
Field et al. 40 23.40 60% NR AUQ NR Light drinkers ge Alcohol AB Picture rating task | questionnaire scenes Behavioral Reaction ura Ifoc>nrss§10rte?gnes (2(;‘823)[1 no NR alcohol AB in the maintenance
(2004) (5.30) Heavy social (n=19) Gender Matched neutral times but not initial orienting of
?jggléz;\?véii()) Hea\(/r)::dzr;r;kers Releva;ggﬁ rating DAQ scenes AB scores at 2000 ms was positively attention

correlated with craving, AUQ and
doses/week




No distinction between drug-

Age wanting and drug-liking in
Between-subject AUQ score Visual probe task Higher AB scores in high cravers craving assessment
Social drinkers dgil%nAgerstgng?_llt Gender Alcohol AB Stimulus-response DAQ Alco:C%I:glsated compared to low cravers Lack of specificity regarding | Alcohol AB is associated with
Field et al. 20.10 Medical advice to reduce . . ' ) e . . . Reaction . . stimuli in the different subjective alcohol craving in
(2005) 50 (2.0) 34% alcohol consumption (drink begr at least AUQ NR High craving group . . Alcohol approach compatibility task |Craving rating Behavioral times AB scores posmvely c.x')rrelate.d with measures of the study social drinkers but not with
occasionally) (n=17) Time since last ' Matched neutral evaluative bias and initial craving but X
. tendencies . . . . X . . alcohol consumption
Low craving group alcohol Progressive ratio | Picture rating scenes not with alcohol seeking-behavior or No gender equit
(n=17) consumption operant task alcohol consumption variables 9 quity
Doses/week No counterbalanced order of
the tasks
Heavy drinkers were significantly
slower at naming alcohol-related Adolescents heavy drinkers
Between-subject Alcohol-related cues than neutral words b liaht drink y h d
design (tertile spilit . cohol-relate ut not light drin ers, showe
on weekly alcohol Modified Stroop words No difference in terms of reaction |Limited access and control of alcohol AB and impulsive
. Colour-blindness Adolescents AAIS ya . Age Alcohol AB task . RN . ; . decision making
Field et al. 90 16.83 92 929, . . consumption): . . Reaction time in light drinkers confounding variables (e.g.
.22% drinkers (>1 dose in NR . DAQ Music-related Behavioral : : :
(2007) (0.40) Non-drinker the last 6 month AUDIT Heavy drinkers Gender Decision making | Delay discountin words times socioeconomic status, Alcohol AB is associated with
elas onths) (n=34) 9 y 9 Stroop interference scores were parental history of AUD) . ; s .
. ! task o . impulsive decision making,
Light drinkers Neutral words positively correlated with alcohol- craving and alcohol
(n=32) related delay discounting scores, cor?sum tion
craving and alcohol consumption P
variables
Non-drinker di?tvr\]/e((renne-(sjiuatgesctm Higher dwell times for alcohol cues | Groups based on post-hoc
AUDIT g P 10 alcohol-related in heavy drinkers, independently of | median split, reducing the | Heavy drinking is associated
on weekly alcohol ; L ; .
Field et al 19.93 <1 dose/week consumption): Free visual images the level of alcohol expectancy representativity of light and with a stable alcohol AB,
(2011) ' 58 (1 .48) 53% Social drinkers TLFB NR Li htdriFr)1kers. None Alcohol AB exploration AAAQ Eye-tracking | Dwell time heavy drinkers which is only present when
' Not regular beer drinker 9 (n=26) P 10 matched Higher dwell time for alcohol cues in alcohol expectancies are high
Doses/week H T control images light drinkers only when alcohol Administration of non- among light drinkers
. . . eavy drinkers s . .
Visual impairment (n=28) expectancy is high alcoholic beer during AB task
No record of some
Visual probe task: descriptive characteristics
No difference of reaction times (e.g. race/ethnicity, nicotine
between SAUD and social drinkers | dependence, comorbidities,
number of previous
Between-subject Craving was positively correlated | detoxifications, abstinence
design: with 500ms AB scores in SAUD duration)
SAUD patients: SAUD patients patients but not 200 or 2000ms
Psychosis or bipolar disorder| SAUD patients . (n=28) ) Small sample size
(ﬁz;) 64.28% diagnosis, brain injuries (ICD-10 diagnosis, AUdDrilr-]rkggflal Social drinkers Age Visual probe task AUQ Sgﬁggiggl\?ﬁ%s High cravers>social drinkers>low Craving olavs a crucial role in
Field et al. ) eore first week of (n=26) . Reaction cravers for alcohol AB scores No use of a recognized g play
54 . . . NR Gender Alcohol AB oo VAS Behavioral : ; ; X alcohol AB and treatment
(2013) o Social drinkers: treatment) Modified Stroop times published interview protocol .
42.35 | 38.46% . , . SADQ (SAUD . . Matched neutral - . . . outcomes of abstinent SAUD
(11.36) Major mental iliness, physical atients) Median split on Education level task HADS scenes and words Modified Stroop task: for diagnosiss
' health problems, alcohol Social drinkers P craving in SAUD SAUD patients, but not social
abuse patients: drinkers, were slower for alcohol- | Tasks administrated in fixed
High cravers (n=13) related than neutral words order
Low cravers (n=12)
No correlation between Stroop Overall low craving in
interference and craving, or between| abstinent SAUD patients
overall AB scores and treatment
compliance Control group with AUDIT
score of hazardous drinking
- Limited procedure of
Psychotic disorders generating personally
Other substance use Slower reaction times for SAUD relevant alcohol words
i tients than control, except for o .
. . SAUD patients . Alcohol AB e General and pa P ’ Omission of a community- Controls, but not SAUD
46.9 Severe medical condition (DSM-1V diagnostic, SAUD patients: Betwgg;gs#blem Age ModﬁgclkStroop individualised specific alcohol words drawn group, meeting SAUD | patients, showed alcohol AB
Fridrici et al. 72 (9.7) 67% Neurological impairment na rfgaglrﬁ?t'on Form 30 Interview SAUD patients Gender Verbal intelligence Rating scales alcof\:\%-r[jeslated Behavioral Reaction Similar reaction times for all word crlterlatrt;L;ttpnc;tnsteeklng for individualized stimuli
(2013) prog Depression (n=39) . Vocabulary test 9 times categories in SAUD patients . Lo .
44.0 61% SAUD patients: Anxiety Healthy moderate Visual-motor No impact of individualized
(8.7) . : Healthy moderate . B Education level| scanning and . . Neutral and C e Comorbidities and Stroop task on alcohol AB in
Relapse during stay drinkers drinkers (n=33) cognitive flexibility Trail Making test negative words Slower reaction times for specific medication in half of SAUD SAUD patients
alcohol words compared to other .
_ N patients
Control: categories in control
Mensta(l:r']”cﬂfgsi’caclj?ﬁh%?abkfe’ Combination of vocal and
psy p g manual responses
Other substance use
Severe medical condition SAUD patients Between-subject Alcohol AB o
45.9 (DSM-IV) without design: M"d'f';dslf’"""p AASE Slower reaction fimes for all worg | RECTUitment limited to SAUD
(7.3) o Neurological impairment comorbidity SAUD patients Alcohol memory S . patients that have completed
78.57% without comorbidity Age bias ADS-k Alcohol-related categories in all SAUD patients a day-clinic rehabilitation | Alcohol AB is not specific to
Fridrici et al. 46.6 o SAUD patients: SAUD patients EuropASI Major (n=28) Directed fqrgettmg words . Reaction compared to controls program SAUD patients with and
(2014) 84 (9.4) 53.57% Relapse during stay, mental |(DSM-IV) with major| . depression |SAUD patients with Gender Verbal intelligence paradigm BIS-11 Behavioral times S without depression but also
. disorders , depression Form 30 Interview major depression Neutral and Slawer reaction times for alcohql— No inclusion of key variables| present in healthy controls
64.29% Education level . Vocabulary test STAI negative words related words compared to negative e
44.4 (n=28) Visual-motor words in all participants such as alcohol priming or
(8.6) Control: Healthy moderate Healthy controls scanning and Trail Making test ocDS P P expectancy
Psychiatric diagnosis, drinkers (n=28) cognitive flexibility 9
medical illness, medication
with CNS side-effects
AB score did not differ from zero in
SAUD patients
FFMQ Omission of other important
<18 vears old SAUD patients Alcohol-related Positive correlation between alcohol factors for alcohol AB Alcohol AB in SAUD patients
Garland 39.8 y (resi dg dina AUDIT None (correlation PACS images Reaction AB and doses/day is associated positively with
(2011) 58 9 é) 81% Resident of the treatment Iresidential treatment NR and regression NA Alcohol AB Spatial cueing task Behavioral times Measure of trait mindfulness | previous alcohol consumption
) facility for <18 months facility, DSM-IV) MINI analyses) SCQ Matched neutral Trait mindfulness negatively might be coextensive with and negatively with trait
y Y, images correlated with alcohol AB such factors (e.g. readiness mindfulness
PSS-10 to change, distractibility)
Doses/day and mindfulness as
predictors of alcohol AB
Limited generalization of their|
Participants were faster to shift findings to clinical population Medial parietal activation
attentlop to invalid location fqllowmg Differential contribution of ' might reflect attentional
. alcoholic versus non-alcoholic cues disengagement from alcohol
. Reaction gender as there was more o9 X
4 Alcoholic Behavioral times male in heavier drinkers stimuli features that might
Gladwin et al None (correlation beverage pictures Medial parietal region activated interfere with task
(2013) 35 21 20% AUDIT score=0 Social drinkers AUDIT NR analyses) NA Alcohol AB Spatial cueing task None Accuracy when attention had to be directed Limited behavioural data due performance
4 Matched soft- towards alcohol
X ; fMRI to fMRI procedure - . .
drinks pictures MRI data Reduced activity of this region
AUDIT score was negatively o in heavier drinkers, indexing a
. . Hazardous drinking only .
correlated with activation of the weaker tendency to disengage
X : . based on AUDIT . h
medial parietal region from distracting alcohol cues
No assessment of craving
Sample limited to students,
Strong association between AUDIT-|  (not clinical population)
C scores and both AB variability
Alcoholic Reaction measures Briefness of the task
Gladwin 20.1 None (correlation Classical and cued beverage pictures times Alcohol AB variability is
(2017) 56 (4 '8) 8.93% NR Students AUDIT-C NR analyses) NA Alcohol AB visual brobe task None Behavioral At long cue-stimulus interval, No measures of awareness [strongly associated with riskier|
) y P Matched soft- A participants with higher AUDIT of cue-stimulus type alcohol consumption
: ccuracy ? ;
drinks scores tend to answer too late to contingencies

probes appearing at the location of
cues predicting soft drinks

Online study, limiting the

supervision of participants




42.04

Implicit attitudes

Impulsivity

Visual Probe Task

Modified Stroop

Task

pictures and
neutral (office
supplies) words

Scores (DDT)

time point except T1

Baseline alcohol use did not predict

cognitive biases

Low reliability of the tasks

alcohol AB at T4

(11.20)
Exp 1:47 65.96%
36.89 Alcoholic
Gladwin et al Exp 2: 70| (10.50) | 52.86% None (correlation Anticipator Cued visual probe beverage pictures Reaction Overall alcohol AB Convenience sample Risky drinking behaviour is not
(2020) . NR Adults AUDIT NR analyses) NA aIcoh%I ABy task P None Behavioral times No correlation between AUDIT and associated with anticipatory
Exp 3: 94| 35.87 | 63.83% y Soft-drinks lcohol AB Online data collection alcohol AB measures
(9.14) pictures alcohol AB scores
Exp 4:76 47.37%
39.66
(9.83)
No correlation between AB, weekly | No trigger of challenging
alcohol use and AUDIT at baseline | situations amplifying alcohol
AUDIT AB (e.g. stress, priming)
Social and non- Slower reaction times for social
Ecological momentary . Alcohol AB Visual probe task social alg:ohol- pictures, independently of stimuli - Low variance and reliability of Alcohol AB for social pictures
Groefsema et 20.73 Age<18 or >25 Social drinkers (=1 | assessment (alcohol None (correlation related pictures Reaction type AB measures are related to alcohol use in
192 ) 51.6% = g NR and regression NA . None Behavioral : :
al. (2016) (1.72) dose/week) use and drinking Alcohol approach | Stimulus-response . times . - the presence of various
<1 dose/week company) analyses) bias compatibility task Social and non- Women showed greater alcohol AB | Brands included in pictures friends of the opposite gender
pany P y social soft drink than men PP 9
pictures Study design hampering to
Doses/week Social alcohol AB positively analyse causal relationship
associated with alcohol use and between AB and drinking
number of friends of opposite gender behavior
Smokers
Consumers of >400mg IB:{|$11 ; Nots:]f;eirr]e?ﬁg \L?Sfje;m) s;oogerizgﬂon Student drinkers did not
cafieine per day Adult drinkers [>6 Within-subject Alcohol AB STAI Alcohol-related between conditions present any Fieonolrelated
. AUDIT design: Visual probe task mAHSS . . Problems with recording eye-
Gunn et al 7 20.22 51.359% Pregnant or breastfeeding (women) or >8 images Reaction
. o B n . . .
3 NR Hangover condition NA GSQS Behavioral AB scores did not differ from 0 in | tracking data hampering the
(2021) (22) (men) units per eBAC No-hangover Begpppse Go/No-Go task KSS . times either condition use of reliable AB measures _Hang_over IS assom.ate‘d .V‘."th
Current or past heavy drinking day] condition inhibition AUQ Neutral images impaired response inhibition
al‘:}iﬁgn;l/;?&n”}églsets%g; VAS AB scores did not correlate with but did nc;g;gigjdegcga alcohol-
g dep y RSME AUDIT or hangover severity
Diagnosed sleep disorder
Between-subject No measure of some biasin
designs: Participants were slower for alcohol variables (emotional state 9
P o omae | comortd substance use
drir?kers (n=4¥) College drinkers with a recent
Low-intensity No difference in reaction times Alcohol-related words binge drinking episode
Adge<i8 Undergraduate drinkers (n=43) Alcohol-related between high- and low-frequenc containing beverages of showed an alcohol AB, not
Hallgren & 9 student binge RAPI - e words . . 9 q Y| different levels of alcohol by | related to drinking frequency
M 211 5 . ; Modified Stroop . Reaction drinkers or between problem and .
cCrady 84 (4.4) 30% No binge episode in the last drinkers (>1 binge NR High-frequency NR Alcohol AB task None Behavioral times non-problem drinkers volume or drinking-related problems
(2013) ’ 30 davs drinking episode in TLFB drinkers Matched neutral
y the last 30 days) Low-frequenc words High-intensity drinkers were slower Words normed in a British | Drinking intensity was related
drinlgers y gfor trials vyhere alcohol words sample but used in an to delayed alcohol Stroop
; American sample interferences
preceded neutral words than trials
Pr;\)lglr(]e_mrgglrél(r:]ars where neutra\lI:I;\'/%r?s greceded any | No longitudinal assessment
driﬁkers yp of drinking behavior
. Non-clinical sample (noise,
A!(?OhOI AB index of VST was unstable AB, low alcohol use
positively (weakly) correlated with roblems)
drinking frequency but not with P
quantity, craving or alcohol use . .
problems Convenience sample with 1 .\ rerianility of the VST and
Visual Search Task low percentage of males O0O0T
MATE-Q (VST) Alcohol-related Reation Disengagement AB index of OOOT
Heitmann et 20.55 o Undergraduate None (within- pictures . times o Discrepancy in wording .
al. (2020) 169 (2.80) 18.3% None students NR subject design) NA Alcohol AB OCDS Behavioral was positively (weakly) correlated MATE-Q Disengagement processes of
) ’ RAPI ) 9 Odd-One-Out Task Soft drink pictures Accurac with drinking frequency and quantity Calculation of AB indices alcohol AB are associated
(O00T) P y but not for craving or alcohol use based on different contrast with alcohol consumption in
problems category students
Engagement AB index of OOOQOT is e
associated with drinking frequency in %%g.{.ﬂ:&%%}g%ﬁ;”;:g
males only stimuli
Betvgjeees?érs]:pject No disentangle between the
Self-identified high context and/or the
drinkers (n=84) adaptations of the task
Self-identifie_d low Alcohol-related High drinkers (either reported or self-
Low student drinkers (n=157) 0Odd-One-Out task pictures identified) showed greater More distractions in the bar | High drinkers engaged faster
drinkers (1-7 B (000T) attentional engagement towards | than the laboratory context |with alcohol-related cues than
. doses/week) MATE-Q . Neutral pictures . alcohol than low drinkers in the low drinkers
H;'t?;%gq )e t 245 éoo'g) 46% Non-drinkers NR dﬁr?li):rge(?\j;%g) Alcohol AB Adapted Odd-One- OCDS (soft drink or office| Behavioral Rﬁ%c;son OOQOT-adapt Internal consistency of the
) ’ High student RAPI-18 Reported low Out task (OOOT- supplies and tasks under the threshold for| The OOQOT-adapt showed
drinkers (214 drink%rs (n=112) adapt) flowers) No difference between groups good reliability higher reliability to index AB in
doses/week) - P regarding OOQT or regarding alcohol use behavior
. disengagement AB in OOOT-adapt | One vs. multiple alcohol-
Ogg;{e'xnt Ialc;c;rg;c))ry related stimuli to assess
O0OT-adapt in bar engagement s
context (n=114) disengagement
Reduced sensitivity of AB
indexes due to high number
of incorrect responses
AUD: | 49.86
66 (12.34) Between-subject Alcohol-related Online assessment at home
60.3% designs: pictures reducing control and
Controls: | 48.67 SAUD patients SAUD patients SAUD patients did not differ from increasing distraction SAUD patients were not
H o, . _ el .
Heitmann & 66 (13.49) | 55.6% . Controls: . (n=53) Age Odd-One-Out task Canna_lbls related _ Reaction controls regarding distraction and o charapterlzed by speeded
de Jong No history or need for CUD patients MATE-Q NR Controls (n=60) Alcohol AB (000T) None pictures Behavioral times detection AB indexes for alcohol- No control of other biasing | detection of alcohol-related
(2021) CUD: | 31.21 | 75.0% | treatment for SAUD or CUD Gender related cues variables between clinical | cues or increased distraction
28 (7.32) Healthy controls CUD patients Neutral pictures and control groups from these cues
64.3% (n=17) (e.g., soft drink,
Controls: | 32.82 Controls (n=26) flowers) No measure of other
28 (8.71) substance use
Low internal consistency of
the OOOT
Changes .
Between-subject detection Heavy drinkers detected a higher Eye-tracklln.g. measures
Lo ) ; showed an initial orientation
designs: Alcohol-related proportion of alcohol changes in real Task demands limiting the ltowards alcohol in real scenes
Light drinkers pictures and real Latency/orient| world scenes than light drinkers o o 9! o O
SADQ (n=29) world scenes Behavioral | ation of first ability to maintain attention for individuals with high
Hobson et al. 58 24.54 41.37% Non-drinkers Students NR Heavy drinkers Age Alcohol AB .Fllcker changg DAQ saccade High cravers detected a higher on the target stimulus craving, but unrelatgd o
(2013) (7.00) blindness paradigm . ; alcohol consumption
TLFB (n=29) Matched neutral | Eye tracking proportion of alcohol changes and Structure of grid encouraging
Low cravers (029
High cravers (n_—29) cravers related to craving or alcohol
9 B Dwell Time consumption
Stimulus Response No correlation between weekly No investigation of significant
Alcohol approach | Compatibility Task Alcohol-related alcohol use at each time point and lati 9a full 9
bias Alcohol-relate alcohol AB at T1 relations in a full cross- _ .
pictures or words . lagged structural equation |Alcohol AB did not predict the
Janssen et al 14.9 None (longitudinal Alcohol AB Afé’cﬁ‘aﬁ;ﬁ‘éﬁrf’ai"kh' RE;C«:SO” Alcohol AB (measured by the VPT) | ~_Model caused by the —initialization of alcohol use but
| 378 ; 35.2% None Adolescents TLFB NR g NA SURPS Water-related Behavioral . y numerous measures of predicted quantity of drinking
(2015) (1.28) study design) predicted weekly alcohol use at each

at later time points in
adolescents




Small sample sizes at later
Brief Implicit No correlation between alcohol AB time points limiting the
Attitude Test and impulsivity possibility to examine all
predictive relations in a single
Delay Discounting model
Task
Between-subject
design:
Normal laterality/
alcohol-related
chang(;ric;it)ected Alcohol-relilrt]ed Particilptanc;s ﬂetectir;]g ctjhr?' arLcohoI- Aloohol AB | ted wih
. scene wi related change had higher coho is associated wi
Jo?éagoezt)al. 92 NR NR None Un\?j&%ﬁi‘::te TLFB NR ’:g&?::lv;l:;%gﬂ None Alcohol AB blirf(lz;ﬁlgzrs%gﬁg%m None alcohol-related | Behavioral d%rt]::t?oen congumption (heaviest drinking day NR higher alcohol consumption in
detected (n=20) and neutral in thellast week) than those the last week
Reversed changes detecting the neutral change
laterality/alcohol-
related (n=29)
Reversed/alcohol
neutral (n=19)
Between-subject
design:
Normal laterality/
alcohol-related
;2?2%%#23?2 Heaviest drinkers detected the
change (n=25) alcohol-related change faster than
Reversed Alcohol-related Number of lightest drlnléerz];snc;;than neutral Alcohol AB in social drinkers
Jo?zegozt)al. 100 (233;; NR None Students TLFB NR Ia::lraatll;é//(arﬁ%gc))l- Gender Alcohol AB blirfgﬁzzrs%gargg%m None aks;gﬁgﬁr\gllgt]e?jnor Behavioral ﬂéﬂ;ir;;? L . NR appears to be relatgd to
Reversed/neutral neutral change detection ightest drinkers detected thg alcohol consumption
change (n=25) neutral change faster than heaviest
drinkers or than alcohol-related
Subgroups change
generated per
group from lightest
(n=10) and heaviest
drinkers (n=10)
Between-subject
design based on:
. SAUD patients, but not social e
SAUD patients Popu_latlon (SA.UD drinkers, were faster when detecting Small variation in alcoh.ol
patients, social consumption in the social
(DSM-1V) from drinkers) Alcohol-related the alcohol-related change rather drinkers sample o
Jones et al. 34 . treatment centre Social drinkers: Age Flicker change scene with an ' Change- than the neutral change Graded continuity of alcqhol
(2006) 2 66.67% None (n=36) TLFB None Nature of change Alcohol AB blindness paradigm None alcohol-related or Behavioral detection . . Use of a single alcohol- AB along th? consumption
31 (alcohol-related Gender neutral change latency Negative correlation between related and neutral chande- continuum
Social drinkers neutral) ’ 9 change-detection latency for alcohol- to-be-detected. limitin i%s
(n=36) rglated change a}nd humber Qf generalization to’ other sgtimuli
Laterality of previous treatment in SAUD patients
stimulus (normal,
reversed)
Manipulation of expectancy
conducted on a trial-by-trial
basis, potentially leading to
Alcohol-related disorders Overall longer dwell times for alcohol an overlap in reward
Alcohol-related and chocolate than neutral cues expectations
Consumption of beer and AUDIT images Reward expectancy increases
Jones et al 21.16 chocolate <1/week None (within- Alcohol and Free visual Chocolate use Increased AB score in social No actual consumption of the AB, this effect being
’ 29 ; 45.17% Social drinkers TLFB NR . : NA . . Chocolate-related | Eye tracking | Dwell time drinkers (higher dwell time) when rewards . ’
(2012) (3.33) A subject design) chocolate AB exploration and craving . I independent of the expected
ge <18 or >30 images reward expectancy is high, reward (alcohol/chocolate)
Doses/week independently of the expected Preference for one of the
Medical advice to reduce Matched neutral reward (present for alcohol and rewards was not evaluated
alcohol consumption images chocolate rewards)
No investigation of alcohol
AB in the 50% probability
condition
Exp 1: Alcohol AB did not si.gnificantly . .
(6.53) | 38.81% . . >1 N lati scenes Behavioral i N lation bet Icohol AB No recruitment of a specific liable due t
Jon2eg1%t al. . Substance use disorder RegL(Janr d/rlnkekrs (= TLFB NR one (clorre ation NA Alcohol AB Visual Probe Task AAAQ imes %cc:rrehallon etween alcohol A sample (e.g. heavy drinkers, l%nre iable due o_poorf A
( ) X4% I Exp2: | Exp2: (current or recent) ose/week) analyses) 8 matched neutral| Eye-tracking 5 . and alcohol consumption or craving alcohol-dependent patients) psychometric properties of the
5135 | 23.91% scenes well time ' test, even after foIIowmg
(3.98) No difference between alcohol AB to empirical recommendations
’ personalized or general cues
Taking/smoking prescribed or Between-subject
. recreational drugs design: _ Alcohol-related . Heavy drinkers detected more _ ‘ | Heavy drinkers, but not light
Knight et al. 50 20.08 249, ' Social drinkers TLFB NR Heavy social None Alcohol AB Alcoho! change None pictures Behavioral Rgactlon accurately alcohol-rglated chapge in| No screening f(l)r.psychlatrlc drinkers, showed a pre-
(2018) (1.59) Non-drinker drinkers (n=25) detection task times neutral-alcohol trials than light comorbidities existing alcohol AB
Light social drinkers Neutral pictures drinkers
Colour blindness (n=25)
Between-subject IBlnge drinkers showed hlgh.er Need for more neutral probes
design: alcohol AB Scc:j?irr?lfetrian non-binge
D i somores
AUDIT=20 Binge drinkers (BD; BD with AB trainin Alcohol AB Boqus taste test Alcohol-related Reaction Alcohol AB decreased over time, alcohol AB than non-binge
Binge score >24) AUQ -10 9 Gend 9 TLC ict Behavioral times regardless of the intervention o tati f drinkers at baseline
Langbridge et 51 500 | 39299 Current psychiatric or regular s (n_ ) ender Alcohol pictures ehaviora verrepresentation of young
. 22% 4 . . mokers (n=3)| BD with sense of . Anagram task - . people and students in the . -
al. (2019) recreational drug use Non-binge drinkers AUDIT control training Age consumption Summary-SCI| Matched neutral EEG Cued-elicited | EEG data showed no difference sample No effect of attentional training
o (NBD; Binge score (n=10) 3 Concept pictures event rellated between BD gnd NBD.at baseline, or| on behgviogral and
Family history of SAUD <16) Untrained BD Cognitive tasks Identification cards TSSCI potentials between intervention groups No distinction between electrophysplogl.cal markers
of alcohol AB in binge drinkers
(n=11) task . effects of global alcohol
Untrained NBD Reduc_;eq alcohollconsumpnon after intake and specific pattern of
(n=10) combining attentional and sense of consumption
control training
<3 doses/week
Psychiatric disorder (past or AUDIT
current) o Number of drinks per occasion was .
TLFB MOd'f'tG; dSkS troop correlated with alcohol Stroop Srgiglz?r:ngs_tsr':ﬁ] i(nrgay
Current consumption of Age at starting Between-subject Alcohol AB Alcohol-related interference at baseline variability, no exploration of Alcohol AB is associated with
Luehring- lllegal substances drinking Qesign: - - Visual probe task words and pictures . . - mode’rating factors) alcohol consgmption in social
Jones et al. 60 21.9 45% . _ Social drinkers NR Attentional training None Impllqlt alcohol ocDS Behavioral Rgactlon Attentional training reduced alcohol drinkers
(2017) (22) History Oé.card'o"ascu'ar Doses/occasion (n=30) attitudes |y jicit Association Neutral words and times AB scores in all tasks Visual probe task with filler . N
isease Sham training . X . Efficacy of AB training on
(n=30) Craving Task pictures Attentional training indirectly pictures (direct alcohol AB
Occasions/week ; ! . | alcohol/neutral comparisons
Pregnancy Cue exposure task reduced craving through reduction in might offer stronger results)
Binge drinking Stroop interference scores
Fail at urine toxicology episodes
screening or alcohol breath
test




Between-subject

drinkers (n=42)

Go-NoGo task

Coloured ‘XXXX’s

Alcohol AB predicted AUDIT scores
in problem drinkers, but not in non-

design: Alcohol group showed longer
Alcohol group reaction times to alcohol than neutral
(n=64) words when compare to controls
. Control group .
SAUD patients: -~ i : SAUD patients showed
40.23 Abuse of medication or illicit [SAUD patients from (n=64) Alcocvcgr(rjeélated in?égggeiz:ggo?éev(?/lr?;ﬁrgc%mﬁg increased alcohol AB
(9.16) | 84.4% substances outpatient treatment . . o . ; . 9 Small sample size compared to controls
Lusher et al. . Median split on Modified Stroop . Reaction |for confounding variables (age, sex,
(2004) 128 service SADQ NR SADQ score: None Alcohol AB task POMS-SF Matched neutral Behavioral times mood, education)
32.80 | 53.1% Controls: Low severity (n=.31) words (household- ’ Exploratory analyses Mood status, demographics or
(9.91) Abuse of alcohol or any Controls High severity (n=33) related) Alcohol groups high and low on alcohol involvement did not
drugs dependence severity, or on number influence alcohol AB
Medium split on of years of SAUD, did not differ in
years of SAUD: their reaction times to alcohol-
Low number (n=32) related and neutral words
High number (n=33)
Higher total fixation time for alcohol
stimuli among heavy drinkers
compared to abstainers Self-report assessment of
16.92 alcoﬁol consumotion Adolescent heavy drinkers
(48.34) Adolescent Between-subject No group difference on the latency P showed alcohol AB
: Head iniur AUDIT design: 60 alcohol-related Latency/orient or orientation of initial fixation No analvses of the underpinned by controlled
jury Heavy drinkers . images ation of first 0 analy rather than automatic
McAteeretal) 4,4 | 1787 | g5 g9 Heavy (AUDIT29), | » 0o ot first drink NR (n=17) None Alcohol AB Free visual AEQ-A Eye tracking | fixation Higher fixation time for alcohol | CoYariation between alcohol rocesses
(2015) (7.65) 27> | Diagnosis of psychological | light (AUDIT 1-8) 9 A=t exploration y 9 gl . ; AB, alcohol use and alcohol P
disorders and non-drinkers Light drinkers 60 matched stimuli among heavy drinkers in the expectancies
16.06 (AUDIT=0) Abstinence duration (n=15) neutral images Dwell time | second (1500-2500ms) but not first P Stronger alcohol AB is related
' B Abstainers (n=12) (0-1249ms) half of the presentation . with alcohol consumption in
(31.56) . No measure of laterality that
time S . adolescence
might influence left gaze bias
Total fixation time to alcohol stimuli
correlated with alcohol use
Between-subject
Early N ddeskign: | Heavy drinkers showed | |
g on-drinkers early eavy drinkers showed longer total .
ado: Early and late adolescents (n=42) fixation time for alcohol stimuli . H_eavy drinkers showed
12.63 - adolescents, young Light drinkers . . compared to light drinkers Cross-sectlonal_ stqdy rather |ncre_ased alcohol AB
Head injury adults,, (n=38): late 60 alcohol-related Orientation of independently of age ’ than longitudinal underpinned by controlled
McAteor otall a0 | oa0 | 46.04% Psychological disorder AUDIT NR adolescents (n=14) NR Alcohol AB Free visual None mages Eye tracking frtions . No investigation of Proeeee e - oM
(2018) ’ ) Heavy (AUDIT=9), or young adults exploration Young adults showed higher ; .
17.10 light (AUDIT 1-8) (n=24) 60 matched ercentage of initial fixation towards confounding factors like
Visual impairment 9 . T neutral images Dwell time | P 9 alcohol exposure or reasons | Alcohol AB underpinned by
and non-drinkers Heavy drinkers alcohol compared to mate Lo . .
Young AUDIT=0 39): | dol ind dently of for abstention in non-drinkers automatic processes
adults: ( =0) (n=39): late adolescents, independently o increased with age
20.19 adolescents (n=16) consumption
’ or young adults
(n=23)
Drinkers did not direct their first
fixation more frequently towards
alcohol (i.e. vigilance bias)
First alcohol fixations were longer in
Adolescent heavy heavy drinkers than abstainers (i.e.
drinkers (AUDIT>8) Between-subject Direction/dura delayed disengagement bias) No vigilance bias or automatic
o Alcohol-related tion of initial . . orienting in adolescents, but
Adolescent light H de3|g'n.k AEQ-A images of words, fixation PrﬁportloT 0;: alCOhOI. dwell 't|me. N linical le limiti heavy adolescents drinkers
McGivern et 58 15.25 46.55% A 14 16 drinkers (AUDIT AUDIT NR eavy d1r£|_)n ers N Alcohol AB Free visual Q- objects and E ki eavy>1g t>abstag)ers (ie. ch]n-c inica llsarg'gl).e 'T'L’ng showed both a delayed
al. (2021) (0.58) oo e ge<isor> between 1 and 8) LigiSFZrin)kers one conho exploration CSDS-SF scenes ye tracking Number of maintenance bias) the gener;;sualltsl ity of the disengagement bias and a
1 fixations More fixati ds alcohol i maintenance bias towards
Adolescent (n= ) Neutral images ore fixations towards alcohol in alcohol compared to
abstainers Abstainers (n=22) Dwell time heavy drinkers compared to abstainers
(AUDIT=0) abstainers (i.e. maintenance bias)
Heavy drinkers showed longer
alcohol dwell times than light
drinkers and abstainers in the first
half of presentation and longer than
only abstainers in the second half
Alcohol dependence (SMAST
score >5) Participants showed alcohol AB Regular drinkers present
20 comolex and (indexed by reaction time and dwell alcohol AB when confronted
Infrequent alcohol simple glcohol- time) when confronted with simple with simple (but not complex)
Miller & o404 consumption Regular q:lnkers (=2 TLFB \ . related images | Behavioral Rgactlon alcohol images alcohol images
Fillmore 25 041 560, drinking NR one (regression NA Alcohol AB | Visual probe task | None times -y NR . . .
° p
(2010) (3.80) Recent drug use occasion/month in S-MAST analyses) 20 complex and | Eve trackin No alcohol AB for complex stimuli Alcohol AB is associated with
the last 3 months) Simple raatched y 9| Dwell time alcohol consumption
Prior treatment for AUD neLE)tral images Alcohol AB as measured by dwell
9 time was predicted by higher Dwell time is a better AB index
Conviction for driving under intensity/frequency of consumption than behavioral measures
the influence
Alcohol AB only during the second
. session of in vivo visual exploration
Under legal drinking age Recreational room of real life environment (i.e. reduced Laboratory setting Regular drinkers showed a
Monem & 2460 History of AUD  |Regular drinkers (21 AUDIT None (within- Free visua with 4 alconol- e mages. notfor aloohol) | Aim of the study easly | diminishing over tme.
; . 71% . . . - : . . , . .
Fillmore 35 45.71 dose/week in the NR NR Alcohol AB exploration in None drinks and 4 Eye tracking | Dwell time
(2017) (340) Prior treatment for AUD last 3 months) TLFB subject design) natural setting matched soft- guessed compared to soft-drinks), this
drinks Correlation between alcohol AB and AB being correlated with
Visual imoairment alcohol consumption (i.e., number of Not clinical population drinking habits
P drinks, binge drinking days and
subjective drunkenness days)
History of Longer reactions times for alcohol
cannabis and cannabis-related words relative
abuse/depend to neutral words in SAUD compared - .
ence (n=11) to controls No participant with acute
cannabis use
Education <8 years History of Modified Stroop ) ) SAUD with higher consumption of .
50.3 substance Between-subiect task ACQ-R Alcocvcglr(rjegated alcohol (but not cannabis) correlated Small asstnc]:glr?ngbiSsAuszsz with Abstinent SAUD showed
Miilller- 9 ;5) 80.95% History of medical, SAUD patients TLFB abuse/depend desian: ) Gender Alcohol AB BDI Behavioral Reaction with greater alcohol AB P alcohol AB relative to controls
. ' e psychiatric, neurological (DSM-IV-TR) ence (n=15) gn. DRS-2 . times . I at behavioral (reaction times)
Oehring et al 39 SAUD patients Cannabis-related No investigation of the effects
) disorders . - Early age at SAUD onset, late age at ga o and neural (frontal
(2019) 49.6 55% SCID . (n=21) Age Cognitive abilities BIS words fMRI yag ’ ge ¢ of cognitive training on e
(1 1') Controls History of Controls (n=18) WTAR fMRI data |CUD onset and less heavy cannabis alcohol AB hypoactivation) levels
DSM-IV-TR Axis | disorders major - STAI Colour words use per month contribute to strong
(control group) diggfc;Zf?rfS) WMS-R alcohol AB Majority of SAUD sample
Frontal and premotor deactivation to with hlstozra{)l?;:ubstance
History of alcohol words in SAUD compared to
anxiety controls, which correlated with
disorder (n=2) lifetime alcohol consumption
Alcohol-related Alcohol AB positively correlated with
Between-subject Modified Stroop words impulsivity and impaired inhibition Loss of statistical power in
design (based on Alcohol AB task . - regression analyses due to Alcohol AB can hel
Murphy & 20.8 Age <18 or >30 Student drinkers (21 AUngé score): Age Music-related Reaction strf‘)lrﬁor:j?;g?n?:;gpg#lsrgg?:am'af:im %ichotomous};utcome discriminate groups %f
Garavan 84 ‘ 53.57% . - AUDIT NR Problem drinkers Impulsivity Delay discounting None words Behavioral . 9 p measure problem and non-problem
(3.0 More than occasional use of dose/week) times non-problem drinkers . .
(2011) illeqal druas (n=42) Gender task drinkers and predict AUDIT
g 9 Non-problem Inhibitory control Neutral words Low specificity due to high scores

AUDIT cut-off score

problem drinkers




Age <18 or >35

History of psychiatric,
neurological or physical

20 alcohol-related

In the congruent condition, longer
reaction times in the presence of
neutral and alcohol-related images
compared to grey background

In the incongruent condition, longer

disorder images Rﬁfncéfn reaction times in the presence of e:lg);%h?:)’r‘;?sgoclgdr:ﬂti\?gi':nflrg(lj
alcohol-related images compared to| No examination whether P 9
Nikolaou et 23.93 Under treatment for drug or Social drinkers [>2 None (correlational Concurrent 20 matched neutral and grey backgrounds interference effect might mechanisms
14 ) 35.71% alcohol dependence . AUQ NR NA Alcohol AB flanker/alcohol AB None . Behavioral Response . ) 4
al. (2013) (1.4) units/week (AUQ)] analyses) task neutral images accuracy derive from increase in This interference effect is
Medication for psychological 20 plai L?Wir ?cclura%y.ln the presl;encehof craving associated with alcohol
or physical condition piain grey Flanker effect| 2'C0N0"re ated images only in the consumption
background congruent condition
Regular use of cannabis Number of drinks/week positively
Smoking >20 cigarettes/day qorrelated with greater alcohol
interference under increased
cognitive load
SAUD: SAUD patients showed alcohol AB
Current other DSM-IV Axis | when presented at 50ms, greater . .
disorders than social drinkers iﬁ:ngnpagﬁ:rgﬁorﬂ/g ]%Tkl)r\::/t::(‘jl
History of medical illness b?/ an attentional
45.6 Use of Siﬁit'%uirg druds or SAUD patients Betwg:sr}-snu.bject Gender BDI Alcohol-related ?v?gﬁl ?ZZZi;Z;Z?gggrslscoﬁggﬁeBr disengagement, suggesting
Noél et al (8.2) | 63.88% psﬁbstan(?es ° (DSM-1V, from SAUD galti.ents scenes Reaction pthan SAUD atient!sg Craving VAS with too an approach-avoidance
' 64 o . inpatient treatment) None NR P Age Alcohol AB Visual probe task STAI Behavioral : P 9 attentional pattern
(2006) o, | Overt cognitive dysfunction (n=36) times restricted range
442 | 67.85% Social drink Matched neutral No diff b h
(10.1) o Social drinkers oclal orinkers Education Craving VAS scenes o difference between groups when Severity of SAUD is
) Social drinkers: (n=28) stimuli are presented at 1250ms . .
i associated with early
Non-drinkers attentional allocation for
DSM-1V Axis | disorders Positive correlation between number alcohol cues
Drug abuse disorder of prior treatments and alcohol AB
Alcohol consumption >54 g/d score at 50ms
No counterbalanced order
between craving and AB
Participants showed faster reaction assessment that may have Alcohol AB is associated with
; . ; reciprocal influence .
. . times for alcoholic relative to non- alcohol consumption
Pennington et 20.77 None (regression Visual conjunction ACQ-SF-R t)ffoﬁgﬁs ;\gt: Reaction alcoholic stimuli Sample with high proportion
al. (2020) 99 (2.98) 35% Non-drinkers Social drinkers AUDIT NR analyses) NA Alcohol AB search task neutral appetitive Behavioral times . of students and harmful Vlsugl conjunction se_arch task
DMQ-R-SF images Alcohol AB scores are predicted by alcohol use is a valid and reliable
9 AUDIT and alcohol consumption but experimental measure of
not by craving or drinking motives Potential existence of other alcohol AB
cofounding variables (e.g.
socio-demographic)
Cross-sectional data
preventing from causal
statement regarding AB and
Between-subject alcohol use
Exp 1: designs: Exp 1:
Exp 1- Exp 1: Young adolescents E Exp 1f: lcohol Exp 1: Exp 1- R . AIcong AB preclhctﬁdlmore fr:aqfuent Sﬁlectlve S?m%ﬁs pr(faventllng The relation between alcohol
Exp 1: xp 1: Exp 1: None beginning drinkers requency of alcoho xp1: xp 1: eaction and intense alcohol use only for |the generalizability of results use and alcohol AB is
195 T ] 13.69 449 ) use OPRM1 no risk None Alcoholic times adolescents with the OPRM1-C risk moderated by OPRM1 risk
Pieters et al (0.89) ° Exp 2 Weekly alcohol use (n=151) beverage images Behavioral genotype Modest internal consistency enotype (refleyctin liking and
' _ b NR OPRMH risk (n=44) None Alcohol AB | Visual probe task ge imag OPRM1 and of AB measure genotype. g 1iKIng
(2011) Exp 2: Young adult heavy . . . wanting) in early adolescents
E . . . Exp 2: . . Genotyping DRD4 Exp 2: 4
Xp 2: .| Exp2: Female drinkers (220 . . ., |Soft drinks images . - . . . and by DRD4 risk genotype
Exp 2: Exp 2: Exp 2: Affect-grid polymorphism Alcohol AB was positively Not identical procedures in . NG
82 100% Age <18 and >28 doses/week, =1 ; ; h iy ; (reflecting wanting) in young
NR Color blindness binge episode in the TLFB OPRM1/DRD4 no Craving VAS s associated with problem drinking the two studies adults
ﬁ’ast'; Wooks) AUDIT risk (n=49) only for heavy drinkers with the
OPRMT risk (n=13) DRD4 risk genotype Potential existence of other
DRD4 risk (n=20) sources of variability
No direct assessment of
liking and wanting
Visual probe task Implicit and explicit cognitive
Alcohol AB . processes assessed once Positive expectancies are
Stlmulus_ response better predictors than implicit
Alcohol approach compatibility task Normative sample of early cognitions of increase in
. ; . No correlation between alcohol AB o
Intensity of alcohol bias Imolicit association Alcoholic and other study variables adolescents with initial or |adolescents and young adults
Pieters et al. 13.96 o . use (weekdays, None (regression P Alcohol beverage images . Reaction y irregular alcohol use alcohol use
427 47.7% Non-drinkers Adolescents NR NA test . Behavioral .
(2014) (0.78) weekend, at home, analyses) Alcohol memory expectancies times . .
. - L Alcohol AB did not predict changes .
outside) associations Word association Soft drink images in alcohol use from T1 to T2 Short interval assessments Dual process model of
test (<1 year) addiction do not predict
Working memory alcohol use in adolescents
capacity Self-ordered Numerous indirect measures| with normative alcohol use
pointing task of implicit cognitions
Unmatched stimuli regarding
valence and color
30 alcoholic For centrally-located stimuli, higher
Between-subject appetitive images break frequency among problem |No measure of baseline thirst Problematic drinking is
design (median split Break drinkers for non-appetitive stimuli associated with reduced
Qureshi et al 21.50 on AUDIT): Alcohol AB Gaze contingenc None 30 non-alcoholic frequency (i.e. compared to alcohol stimuli Alcohol AB based on only | inhibitory control on saccadic
(2019) ) 41 ©® 61) 21.95% Non-drinkers (AUDIT=0) Regular drinkers AUDIT NR Non-problem Gender aradi r% y appetitive Eye tracking | inability to one measure movements towards
’ drinkers (n=23) Saccade inhibition P 9 Images inhibit For peripheral stimuli, higher break peripheral appetitive (alcohol-
Problem drinkers saccade) frequency in problem drinkers for Groups based on median related and non-alcohol-
(n=18) 30 matched non- alcoholic and non-alcoholic stimuli split related) stimuli
appetitive images compared to non-appetitive stimuli
Bayesian analysis suggesting
more data is requested
AUDIT was negatively correlated
with alcohol AB during water-CR No assessment of AUD
sessions status and high percentage
<1 beer/week over the last TLFB - . . 10 alcoholic of AUDIT scores>16 in the
. month W'th'n"?Ub_JECt Alcohol AB Visual probe task beverage . Faster reaction times for alcohol current sample Stronger alcohol AB in college
Ramirez et al. 19.1 o Underage college design: . Reaction L : . . A
39 51.28% : RAPI NR NA - AUQ Behavioral . stimuli only in alcohol-CR sessions drinkers after in-vivo exposure
(2015a) (0.8) student drinkers Water-cue exposure . Cue-reactivity times .
Treatment for AUD (currently Beer-cue exnosure Craving rocedure 10 matched soft Lack of sensitive AB to alcohol cues
or in the past month) AUDIT P P drink images Stronger alcohol AB in alcohol-CR measures and power to
sessions than water-CR sessions | capture the relationship with
craving
Craving did not predict alcohol AB
Betwggsr}-gsnu.bject Gender No correllation betwegn alcohol AB
Short alcohol-cue Age at baseline and craving or alcohol Modest rates of alcohol Both short and ang alcohol-
. consumption ’ : cue exposure increased
<1 beer/week over the last TLFB exposure (n=40) Visual probe task 10 alcoholic consumption that might be craving and alcohol AB
. month Long alcohol-cue Ethnicity Alcohol AB P beverage . . related to unreliable alcohol 9
Ramirez et al. 19.1 o Underage college . Reaction Increases in alcohol AB from T1 to .
(2015b) 80 (0.8) 42.5% student drinkers RAPI NR exposure (n=40) Cue-reactivit AUQ Behavioral times T2 in both exposure groups AB at baseline Craving changes are
) Treatment for AUD (currently TLFB Craving procedure y 10 matched soft P group predictive%f AB ghanges in
or in the past month) AUDIT Subognroir;sdgﬁsed RAPI drink images Changes in craving positively ﬂ{#gfgﬂgggg;;ﬁrssg women when longer exposed
Mer?(n=1 7') predicted changes in alcohol AB for y to alcohol cues
Women (n=23) AUDIT women in long alcohol-cue exposure
Severe psychotic disorder or Between-subject )
neurological impairment SAUD patients design: Alcocvoolrézlated No difference of arouns reaardin
44.83 (discharged of SAUD (n=45) RCQ alcohol AB inteﬁ‘ereﬁce sgclzoresg AB to positive change-related
Retti (9.92) Illicit drug use treatment unit in the TFLB Controls (n=36) Age e . . .
ettie et al. 81 NR next 3 days) NR Alcohol AB Modified Stroop DERS Neutral words Behavioral Reaction Indirect measures of AB words is a better predictor of
(2018) . y . : task times Successful SAUD patients showed relapse and TFLB score than
4411 Color blindness SIP Subgroups of SAUD|Age at first drink . )
. Positive and lower alcohol interference scores alcohol AB
(13.38) Staff members of based on relapse: HADS

Controls:
History of SAUD

treatment unit

Relapsed (n=15)

Successful (n=20)

negative change-
related words

than relapsed SAUD patients




Exp 1- Alcohol-related Time to first None of the AB measures correlated|Lack of methological controls Dvnamic eve tracking indexes
b ) complex visual o with alcohol consumption during free in study 1 y y 9 .
22.9 Exp 1. Free visual scenes fixation visual exploration of complex scenes (I-e. number of saccades in
Roy-Charland Exp 1:78) (6.41) | 75.64% N Undergraduate KAT NR None (correlational NA Alcohol AB exploration N E ki Number of Non clinical sample mostly anfd ?uthalfzkéol-related zpne;)
et al. (2017) one students analyses) conho one Matched neutral | =Y tracking umber o Number of saccades towards composed of women ot alcono are assoqatg
Exp 2:76| Exp2: | Exp2: N ; saccades ; with alcohol consumption in
20.6 | 88.16% Memorization task complex visual alcohol correlated with alcohol complex scenes when
4 9'2) e scenes Dwell time consumption only when receiving | Heterogeneity caused by no motivat%d to attend to them
’ instructions to memorize scenes inclusion/exclusion criteria
Convenience sample
No group differences regarding :
Controls: alcohol interference scores, with Self reg?g;i%mzzsure of
SAUD patients both groups showing alcohol AB Alcohol AB are demonstrated
43.12 Current psychotropic (diagnosed for 25 SADQ Between-subject Alcohol problem- . X .
Rvan et al (9.49) medication years) from design: Modified Stroo related words Reaction Duration of drinking and SADQ Strg:phtigtsilé;tsen:;éh\?alr%OSt n botlfﬁﬁzgﬁtﬁggs and
322002) ) 65 NR inpatient treatment Quantity and NR Problem drinkers Education Alcohol AB task P HADS Behavioral times scores positively predicted alcohol pmeasure of AB P
39.64 Neuromedical or psychiatric frequency of alcohol n=32 Matched neutral interference scores . .
Alcohol consumption variables
(8.35) diagnoses Staff members of consumption Controls (n=33) words . ; P
treatment unit Quantity of units per drinking Regression analyses on a predicted alcohol AB
History of AUD occasion negatively predicted small sample
alcohol interference scores No inclusion of emotionally
non-alcoholic stimuli
Dysregulated drinkers showed
greater alcohol AB in
Undergraduate dlsengagerrgﬁir:]tktergs than light
dysregulated Alcoholic
drinkers (214 Between-subject Alcohol AB Selective- beverage images . . . Alcohol AB, as indexed by a
17.78 . . : . Groups did not differ regardin i )
(0.74) 50% drinks/week, BRTC ACQ design: Age Attention/Action- BRTC er?gagement AB scgres 9 Findings limited to difficulty to disengage from
Sharbanee et ’ . scorez4) Dysregulated Alcohol approach | Tendency Task Soft drink images . Reaction alcohol cues, predict
48 Non-drinkers NR . . Behavioral . dysregulated and O
al. (2013) 18.76 | 37% . AUDIT drinkers (n=24) Gender bias . SOCRATES times Disengagement AB predicted uncontrolled drinking | ., dysregulated drinking
n .78) Undergraduate light Light drinkers Operation-span Non- variance of drinkina-arouo status independently from approach
) drinkers (<4 (n=24) Working memory task representational independently from 2 groagh biases biases
drinks/week, BRTC images P y PP
score<3) Working memory did not bring
substantial contribution to these
predictions
SAUD patients
(from in-treatment Longer reaction times for alcohol-
local community Between-subject related words compared to neutral .
75% alcohol service) design: 25 alcohol-related . ones in problem and high drinkers Alcohol AB in bOt.h problem
Problem drink d Reaction but not in low drink and heavy drinkers
Sharma et al. . roblem orinkers Modified Stroop words . times utnotin low dnnkers
(2001) 60 NR 15% None Undergraduate high AUDIT NR (n=20) None Alcohol AB task STAI Behavioral NR Alcohol AB might be better
drinkers (AUDIT=8) Heavy drinkers 25 matched Errors Alcohol AB interference correlated predicted by ot%er variables
o, _ .
0% _(n_20) neutral words with AUDIT score V\{hfen analyses than AUDIT scores
Undergraduate low Low drinkers (n=20) performed on all participants but not
drinkers (AUDIT when performed on each subgroup
score<8)
Anxiety
disorder
(n=113) Overall alcohol AB in SAUD patients
Depression Severity of AIcoCVc;I;Leslated Significant alcohol AB scores
o | Gotwoansuct | (S00BOT | Acotol A8 Acohol A s oy prsent
Sinclair et al 44.4 SAUD patients B design: 9 anxiet AB towards HADS Depression- and Reaction | when givided according to driinkin Low reliability of the task SAUD patients that are still
| 113 ' 63% NR (from community MINI ; Abstinent (n=70) y ; Visual probe task anxiety-related | Behavioral : 9 9 drinking, thus showing a
(2016) (11.2) . Hypomania A depression- and times status . S ;
alcohol service) Spectrum Still drinking (n=43) Number of anxiety-related LSAS words Cross-sectional sample robust association with
(Fr)1=1 11) comorbid sti):nuli No correlation between alcohol AB drinking status
conditions Matcr\:veodrdnseutral and years of drinking, number of
Other comorbidities, severity of anxiety or
substance use depression, length of abstinence
disorder
(n=109)
. . Habituation or carry-over
In session 1, alcohol dwell times and X .
first fixations positively correlated effecgsuﬁ:]bosrér;%iggfazltlgue
with AUDIT, RAPI, craving but not 9
AOI dwell timel with alcohol use in the past 7 days Low reliability of first fixation
AUDIT Matrices with 8 Shorter alcohol first fixation latency index Individuals with stronger
Soleymani et 22.97 None (correlational Free-viewing eye- alcohol-related AOl location was associated with stronger craving Non-clinical mainly female craving and alcohol problems
y 100 : 26% Corrected eyesight Students RAPI NR NA Alcohol AB Wing ey MATE 2.1 |. Eye tracking while shorter first fixation latency on y were associated with alcohol
al. (2020) (3.82) analyses) tracking task images and § soft First fixation soft drinks was associated with sample AB measures (i.e. dwell time
TLFB drink images | ' ; ; P ’
atency higher AUDIT, RAPI and craving Lack of ecological validity location of first fixation)
In session 2, alcohol dwell time (tested tw;%lfggr?gxtge day, in
positively correlated only with
craving and first alcohol fixations Craving and alcohol use only
was only associated with AUDIT of the last 7 days
Appetitive nature of control
pictures
No randomized procedure of
testing
Slawer responses to alcohol-related Only beer-drinker participants| Better psychometric reliability
SAUD diagnosis (history or Between-subject 1;nzl<io1hr(])1lgtecl ﬁ;%d V\;ﬁredgacs(?(r;ngtargeodptgurj[enu;rgilf;l;?er(rilién of Stroop task in ecological
. current) . . AUDIT design: . Modified Stroop neutral words . with images in the upgraded Stroop Pictor.ial gnd personalized settings
Spanakis et 120 23.10 49.17% Social beer drinkers NR Computer condition NR Al . Reaction stimuli confounded
A7% . cohol AB task (smartphone NR Behavioral . -
al. (2018) (8.42) Pregnancy or breastfeeding | (=1 dose/week) TLFB (n=60) app) 11 beer-related times Alcohol AB in both tasks did not No association between
Smartphone PP and 11 soft drink redict alcohol consumotion Smartphone and naturalistic alcohol AB and alcohol
Color-blindness condition (n=60) images re aedless of condition (cong uter or environment confounded |consumption, suggesting poor
9 9 smartphone) P predictive validity of the task
P No evaluation of the
environmental factors
Larger reaction times
potentially caused by
methodological settings
Self-recall of prior day
drinking quantity
No record of the onset of
Age<18 or >25 drinking time
Young adults from
Medically unstable de :?nf;%?r\:;{h at- AUDIT-C Modified Stroop Alcohol No correlation between alcohol AB Participants exposed to
Drugs or alcohol impairment prisk alcohol Alcohol AB task (smartphone Ladder 10 alcohol-related or approach bias and AUDIT-C different text message  |Alcohol AB and approach bias
Suffoletto et 296 220 30,49, consumption TLFB \R None (correlational NA app) Desire to qet words Behavioral Reaction score or drinks per drinking day interventions were rswgégilaltjeecr!]ttcgltéﬁﬁglllne or
al. (2019) (2.0) o History or seeking for (AUDIT-C23/4 for analyses) Alcohol approach Approach- drunkg 10 neutral times Alcohol AB and approach bias were | Potentially outdated alcohol- consumptiocri variables among
treatment for alcohol or drug| women/men, 21 | Event-level drinking bias . . - . o ! X
use binae drinkin antit Avoidance Task (clothing) words not predictors of a binge drinking related words young adult risky drinkers
e iso%e in the I%lst a y (smartphone app) |Drinking plans event
P Over-sensitivity of the app to
Current treatment for month) finger movements
psychiatric disorders 9
Measure of alcohol
consumption only twice/week




No measure of potential
internal/external confounding
factors

Heavy drinkers [>14

AUDIT

Between-subject

6 alcohol-related
words

Heavy drinkers, but not light

drinkers, showed smaller attentional

Low internal consistency and

When attentional resources

(women) or >21 design: 6 . . split-half reliability are depleted, alcohol-related
) . . . soft drink-related blink effect for alcohol-related than N
Tibboel et al. (men) doses/week] Heavy drinkers Attentional blink : Correct . stimuli are better encoded
(2010) 36 NR NR None Weekly alcohol use NR (n=14) None Alcohol AB paradigm DAQ words Behavioral responses soft drink words Small sample size than soft drink in heavy
Lig dht drlr)kersk(>5 RAPI ngl'g]c_iqlgl)«ers 16 neutral words Alcohol attentional blink correlated Near-ceiling performance dx%k:ﬁ’h;elfgg; r:)gf :gcﬂg%hd
oses/week) = with AUDIT and RAPI but not DAQ gp g
Neutral distracters
Occasional drinkers: Between-subject ARG 20 alcohol-related
) o images and words Heavy drinkers showed greater
Heavy (>25 design: Alcohol AB Visual b K TCI Icohol AB th ional | d alcohol AB in h
Townshend & > 1 7 59, Not in contact with alcohol- | doses/week) and Heavy drinkers: Smok 9 Heavy drinkers Gend isual probe tas 20 hed Behavioral Reaction a codq K sc_:orﬁs 'an occasll(ona NR ncregT% .akco ° in :avy
Duka (2001) 3 5 37.5% related cues on regular basis| occasional social AUQ mokers (n=9) (n=16) ender Higher-order Occasional mqtc e ehaviora times rinkers in the picture tas social drinkers compare to
; . . . . CANTAB tasks - ) neutral images occasional ones
drinkers Occasional drinkers executive function drinkers: . _—
. . S and words Groups did not differ in the word task
Strong anti-alcohol beliefs (n=16) Non-drinking .
S (stationery)
questionaire
NART 20 alcohol-related
SAUD (DSM-1V, Between-subject Images SAUD patients showed slower
?11 85) Social drinkers: ICD-10) patients AUQ design: hoe A=a 20 matched reaction times for alcohol related SAUD patients, but not social
Tsl\j\lkgspzeon&f‘ 74 44.59% | History of alcohol or drug seeklPr%;?égﬂatlent III|C|End=r;J8)use SAU(Ir?:%ast;ents Gender Alcohol AB Visual probe task DAQ neutral images | Behavioral Rﬁ;cglscm cues than social drinkers NR drinkers, showed avoidance
2111.753 abuse SADQ Social drinkers Vorbal 1Q SOMS (stationery) Significant negative AB score in AB for alcohol-related stimuli
Social drinkers (n=39) 20 pairs filler SAUD patients
STAI images
Age <18 or >45
Regular drug use (except
alcohol and cigarettes) Small sample
- VAS Alcohol-related
Medical conditions Heavy drinkers AUDIT réﬂﬂgiilcﬁgg:{s Implicit Association| expectancy words Alcohol Stroop interference Samprlig\r;ly di?ﬂ?gf:ed of Alcohol implicit associations
Van Den 20.4 (mean of 15 None (correlational 9 Test questionnaire Reaction positively correlated with approach y and alcohol AB are not related
Wildenberg etf 48 3 '5) 100% Use of medication doses/week, 1 RAPI NR analyses) NA Alcohol AB Matched neutral | Behavioral times associations on the IAT but was Lack of particioants with a to individual differences in
al. (2006) ) incompatible with alcohol |binge episode in the y Modified Stroop | VAS craving words unrelated to alcohol use and famil phistorp of AUD ethanol-induced cardiac
consumption past 2 weeks) TLFB H task problems y y changes
eart rate
POMS Color words .
S No baseline measure of heart
Personal or family history of
N rate
psychiatric disorders
Dyslexia, color blindness
Betv;zi?;zpject Small sample size
o . . Groups did not differ in terms of
Average I.Q (n=32) WAIS-III Picture ratings alcohol AB indexed by eye-tracking | No valid cut-off scores for
Borderline 1Q Age IQ or behavioral measures AUDIT o .
. . (n=16) Alcoholic . Latency of Abstinent individuals did not
Van Abstinent drinkers AUDIT Mild 1Q (n=9) Approach ACQ-SF-R | beverage images Behavioral first fixation . . present alcohol AB
Duijvenbode 57 39.6 82.459% None from forensic Intellectual Gender Approach- avoidance task Alcohol AB scores correlated with Long term abstinence independently of their |§>ast
(12.2) e psychiatric ) disability . . avoidance biases . . | Eye tracking pleasantness ratings of alcohol reducing the pertinence of .
et al. (2012) treatment SumID-Q Light drinkers Abstinence Visual probe task VAS Craving Matched soft drink (n=30) Nymper of pictures AUDIT administration consumption or mental
(n=19) duration Alcohol AB images fixations disabilities
Modezit_eq%r)mkers Picture rating task Dwell time No correlation between alcohol AB | No counterbalanced order
Heav _drinkers and AUDIT scores between tasks and craving
(r)1l—22) assessment
. Reaction times did not differ . .
Age<18 Substance use Betwgssr}—sngbject between groups and/or type of S:g:ﬁ(')?bvi\gtinevsagggs
disorders Average ?Q. light stimuli medications No alcohol AB was found in
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Legend: AAAI, Annual Absolute Alcohol Intake; AAAQ, Approach and Avoidance of Alcohol Questionnaire; AAIS, Adolescent Alcohol Involvement Scale; AASE, Alcohol Abstinence Self-Efficacy Scale; AB, attentional biases; ABM, Attentional Bias Modification; ACC, Anterior Cingulate Cortex; ACQ, Alcohol Consumption Questionnaire; ACQ-R, Alcohol Craving
Questionnaire; ACQ-SF-R, Alcohol Craving Questionnaire Short Form Revised; ADHD, Attention-Deficit Hyperactivity Disorder; ADS-k, General Depression Scale; AEAS, Anticipated Effects of Alcohol Scale; AEQ, Alcohol Expectancy Questionnaire; AEQ-A, Alcohol Expectancy Questionnaire — Adolescent; AESES, Alcohol Expectancies for Social Evaluative Situations
scale; AOI, Area Of Interest; ATQ, Adult Temperament Questionnaire; AUDIT, Alcohol Use Disorders Identification Test; AUDIT-C, Alcohol Use Disorder Identification Test-Concise; AUQ, Alcohol Urge Questionnaire; AUQ, Alcohol Use Questionnaire; BDI, Beck Depression Inventory; BDQ, Binge Drinking Questionnaire; BIS, Barratt Impulsiveness Scale; B-MAST, Brief
Michigan Alcohol Screening Test; BMI, Body Mass Index; BRTC, Brief Readiness to Change Algorithm; CANTAB, Cambridge Neuropsychological Test Automated Battery; CAUPQ, Carolina Alcohol Use Patterns Questionnaire; CSSRI, Client Socio-Demographic and Service Receipt Inventory; DAQ, Desire for Alcohol Questionnaire; DAM, Drinking for Anxiety
Management scale; DDQ, Daily Drinking Questionnaire; DEQ, Drinking Expectancy Questionnaire; DERS, Difficulties in Emotion Regulation Scale; DMQ-R-SF, Drinking Motives Questionnaire Short Form; DRIE, the Drinking-Related Internal-External Locus of Control Scale; DRS-2, Dementia Rating Scale; DSM-V, Diagnostic and Statistical Manual of Mental Disorders —
Fifth edition, DUDIT, Drug Use Disorder Identification Test; EEG, electroencephalograhy; ERP, event-related potential; EuropASI, European Addiction Severity Index; FFMQ, Five Facet Mindfulness Questionnaire; FIC, Fronto-Insular Cortex; fMRI, functional Magnetic Resonance Imaging; GHQ-28, General Health Questionnaire; GSQS, Groningen Sleep Quality Scale;
HADS, Hospital Anxiety and Depression Scale; ICD-10, International Classification of Diseases Tenth Revision; 1Q, Intellectual Quotient; KAT, Khavari Alcohol Test; KSS, Karolinska Sleepiness Scale; LSAS, Liebowitz Social Anxiety Scale; LTDH, Life Time Drinking History scale; mAHSS, modified Alcohol Hangover Severity Scale; MAST, Michigan Alcohol Screening
Test; MATE 2.1, Measurements in the Addictions for Triage and Evaluation; MATE-Q, Measurements in the Addictions for Triage and Evaluation; MBID, Mild to Borderline Intellectual Disability, MINI, the Mini International Neuropsychiatric Interview; MSQ, Motivational Structure Questionnaire; NA, not applicable; NART, National Adult Reading Test; NR, Not Reported;
OCDS, Obsessive Compulsive Drinking Scale; PACS, Penn Alcohol Craving Scale; PANAS, Positive and Negative Affect Schedule; PCI, Personal Concerns Inventory; POMS, Profile of Mood States; POMS-SF, Profile Of Mood States-Short Form; PSQI, Pittsburgh Sleep Quality Index; PSS-10, Perceived Stress Scale; QFI, Quantity Frequency Index; gFH, quantitative
Family History; QFV, Quantity Frequency Variability Index; RAPI, Rutgers Alcohol Problem Index; RCQ, Readiness to Change Questionnaire; RSME, Rating Scale of Mental Effort; RT-18, Risk-Taking Questionnaire; SADD, Short Alcohol Dependence Data questionnaire; SADQ, Severity of Alcohol Dependence Questionnaire; SAM, Self-Assessment Manikin; SAUD,
severe alcohol use disorder; SCID, Structured Clinical Interview for DSM-1V; SCL-90-R, Symptom Checklist 90-R; SCQ, Situational Confidence Questionnaire; SDS, Severity of Dependence Scale; SIAS, Social Interaction Anxiety Scale; SILS, Shipley Institute of Living Scale; SIP, Short Inventory of Problems; SIS, Subjective Intoxication Scales; SMAST, Short-Michigan
Alcoholism Screening Test; SOCRATES, the Stage Of Change Readiness And Treatment Eagerness Scale; SPS, Social Phobia Scale; SPSRQ, Sensitivity of Punishment and Sensitivity of Reward Questionnaire; SRI, Self-Rating at Intake; STAI, State-Trait Anxiety Inventory; SUD, Substance Use Disorder; SumID-Q, Substance Use and Misuse in Intellectual Disability
Questionnaire; Summary-SCIl, Summary of the Shapiro Control Inventory; SURPS, Substance Use Risk Profile Scale; TAAD, The Typical and Atypical Alcohol Diary; TCI, Temperament and Character Inventory; tDCS, transcranial Direct Current Stimulation; TLC, Time-Locked Craving question; TLFB, Timeline Follow-Back; TRI, Temptation and Restraint Inventory;
TSSCI, Task-Specific version of the Shapiro Control Inventory; UPPS-P, Impulsive Behavior Scale; VAS, Visual Analogue Scale; WAIS-IIl, Weschler Adults Intelligence Scale third edition; WTAR, Wechsler Test of Adult Reading Standard Score.



Supplementary Material:

Description of the results related to other constructs relevant to AB

1. Clinical population

1.1. Behavioral data

Influence of psychopathological variables on the relationship between AB and alcohol
use. Three studies focused on the potential effects of psychopathological comorbidities on
alcohol AB in SAUD patients (Fridrici et al., 2014; Muller-Oehring et al., 2019; Sinclair et al.,
2016). Sinclair et al. (2016) administered a visual probe task using disorder-specific words to
a large sample of outpatients with one or more comorbid conditions (e.g. depression,
hypomania, anxiety, other substance use disorder). Results showed the presence of an alcohol
AB — regardless of the group sample. Moreover, this AB was not correlated with the number
or severity of comorbid conditions. Fridrici et al. (2014) investigated alcohol AB in detoxified
outpatients with or without major depression. They used a modified Stroop task with alcohol-
related, negative and neutral words. The authors did not find a more pronounced alcohol AB
in patients with or without depression. Findings from these two studies suggested that
psychiatric comorbidities have no influence on the magnitude of alcohol AB among patients.
Finally, Muller-Oehring et al. (2019) explored the effect of cannabis use disorder on AB in
detoxified SAUD patients. They asked participants to perform a modified Stroop task with
alcohol, cannabis and neutral words. Surprisingly, later onset of cannabis use disorder and
lighter cannabis use per month contributed to a stronger alcohol AB. These findings suggest
that cannabis use could have a protective role on alcohol AB. Another study (Garland, 2011)
measured the association between alcohol AB and trait mindfulness (i.e. nonreactive and
nonjudgmental awareness of moment-by-moment cognition, emotion and sensation) in
detoxified patients. The author found that alcohol-related AB, assessed by a spatial cueing

task, was negatively associated with trait mindfulness.



Effect of medical treatment on alcohol AB. As mentioned above, Beraha et al. (2018)
explored the effect of Baclofen treatment on AB in detoxified inpatients with SAUD. They were
assigned in either baclofen or placebo groups. They performed a visual probe task (T1) at
baseline and four weeks after the baclofen or placebo treatment (T2). A negative mood
induction took place before each task. At T1, patients showed an AB towards alcohol at 500ms
and an avoidance AB away from alcohol at 1500ms. At T2, patients who received the baclofen
treatment showed a change in their AB after four weeks of treatment, as their avoidance AB
was also found for alcohol-related stimuli presented for 500ms. These findings therefore
support the benefic effects of baclofen on alcohol AB. Nevertheless, it should be noted that the
effect of negative mood induction on AB could not be determined as no control condition was
performed. Moreover, the combination of medication with psychotherapy might have limited

the additional effects of baclofen on AB.

1.2.  Eye-tracking data

Influence of psychological variables on the relationship between AB and alcohol use.
Bollen et al. (2021) found a positive correlation among SAUD patients between dwell times for
alcohol-related cues and depressive symptoms. They also showed that higher impulsivity was

associated with stronger AB scores in controls.

2. Subclinical populations

2.1. Behavioral data

Influence of psychological/cognitive variables on the relationship between AB and
alcohol use. Fadardi & Cox (2008) specifically investigated the predictive role of alcohol AB
and maladaptive motivational structure on alcohol consumption in social drinkers. Results
showed that alcohol Stroop interference and maladaptive motivation were both positive
predictors of alcohol consumption. Alcohol AB did not however mediate the effects of
motivational structure. Four studies from the same laboratory explored the variation of alcohol

AB according to the intensity of alcohol-related problems and intellectual disabilities. In van



Duijvenbode et al. (2012), participants with borderline or mild intellectual quotient performed a
visual probe task. Results showed no association between alcohol AB and intellectual
impairments, as groups did not differ for reaction times. Groups were however composed of
heterogeneous sample size (with only 9 participants in the mild IQ group). Similar findings were
found in other studies from the same laboratory, recruiting participants with or without mild to
borderline intellectual disability (van Duijvenbode et al., 2016, 2017a, 2017b). Emery and
Simons (2015) measured the effects of positive and negative mood on alcohol AB in college
drinkers, and whether these effects were moderated by drinking motives. Participants
performed visual probe tasks before and after mood induction (positive, negative or neutral).
Results showed that alcohol AB was neither predicted by the mood induced nor moderated by
drinking motives. However, the split-half and test-retest reliability of the visual probe task was
very low, which might explain the largely null findings reported. Another study investigated how
social anxiety and drinking coping motives might influence alcohol AB (Carrigan et al., 2004).
Participants with large range of social anxiety performed a modified Stroop task with alcohol-
related, social threat and neutral words. Alcohol interference scores were associated with
drinking to cope measures, but not with social anxiety. These interference scores were higher
in participants reporting a frequent use of alcohol to reduce anxiety prior to social situations,

underlying the link between social anxiety and alcohol consumption.

Influence of demographics and environment on the relationship between AB and
alcohol use. Three studies investigated the role of gender and contextual variables on alcohol
AB in subclinical populations (Albery et al., 2015; Emery & Simons, 2015; Groefsema et al.,
2016). Albery et al. (2015) assessed participants levels of exposure to alcohol-related
environment (high, low — whether or not working in a bar or pub). Light social drinkers showed
alcohol Stroop interferences only when they were working in an alcohol-related environment.
Heavy social drinkers showed alcohol interferences - regardless of their level of alcohol
exposure. Alcohol AB appeared dependent on the exposure to alcohol-related environment

only in light social drinkers. As described earlier, Groefsema et al. (2016) determined whether



social drinkers showed cognitive biases specific to social alcohol-related stimuli and whether
they were associated with alcohol use in social drinking contexts. Results showed that the
alcohol AB specific to social pictures was positively correlated with alcohol use and the number
of friends of opposite gender in drinking contexts. Alcohol AB in social drinkers thus appeared
related to situation-specific drinking behavior. The authors also showed that women presented

higher alcohol AB than men.

Influence of physiological variables on alcohol AB. Pieters et al. (2011) explored the
moderating role of the OPRM1 (reflecting both liking and wanting processes) and DRD4
(reflecting wanting processes specifically) polymorphisms on the association between alcohol
AB and alcohol consumption. In the first experiment, alcohol AB positively predicted alcohol
frequency and intensity only in early adolescents with an OPRM1 risk profile. In the second
experiment, alcohol AB was associated with problem drinking only in young adult men with
DRD4 risk genotype. In early adolescence, the association between alcohol AB and alcohol
consumption is related to both liking and wanting processes. This association is specifically
related to wanting processes in young adult heavy drinkers. Elton et al. (2021) investigated the
mediating role of the dopaminergic pathways on alcohol AB by using a dopamine precursor
depletion procedure. During two sessions, participants underwent a placebo-controlled
depletion procedure followed by a resting-state fMRI. They then completed two alcohol AB
tasks (visual probe task and attentional blink task) and a reward task assessing AB towards
reward-conditioned cues. For the visual probe task, individuals reporting greater current binge
drinking showed higher alcohol AB following placebo. This AB effect was reduced when
undergoing the dopamine precursor depletion procedure. For the attentional blink task,
decrease of alcohol AB following depletion procedure was moderated by adolescent rather
than current binge drinking. Therefore, such findings support the role of dopamine in alcohol
AB, especially in individuals with greater past or present binge drinking. Finally, van den
Wildenberg et al. (2006) investigated the correlation between alcohol induced heart rate

acceleration (1.0mL/kg of alcohol) and implicit alcohol-related cognitions in male heavy



drinkers. Results showed that alcohol Stroop interference was unrelated to ethanol-induced
heart rate change. The authors concluded that alcohol implicit associations and alcohol AB

were unrelated to individual variations in the sensitivity of alcohol’s activating effects.

Effect of training interventions on alcohol AB. Three studies finally explored the effects
of ABM training on alcohol-related AB in subclinical drinkers which were not seeking for
treatment (Fadardi & Cox, 2009; Langbridge et al., 2019; Luehring-Jones et al., 2017). In
Fadardi and Cox (2009), hazardous and harmful drinkers were trained to modify their alcohol
AB with the Alcohol Attention-Control Training Program for two and four sessions respectively.
After ABM, both hazardous and harmful drinkers showed a decrease in classic and alcohol
interference scores and an increase in motivation to change after AB training. Moreover,
harmful drinkers reduced alcohol consumption after AB training. The authors did not include
randomized control trials with a control group, which did not allow for the evaluation of the
training program. Similar findings were found in Luehring-dJones and al. (2017), who
investigated the effectiveness of a single session of ABM in reducing craving and alcohol AB
in young social drinkers. Participants were randomly assigned to active ABM training or sham
training condition. Alcohol AB tasks (visual probe task and alcohol Stroop task), an implicit
association task and a cue-induced craving task were administered at baseline and during the
post-training assessment. At baseline, alcohol Stroop interference was only correlated with the
number of drinks per occasion. Active ABM training reduced alcohol AB scores in visual probe
and alcohol Stroop tasks, and indirectly reduced craving through a decrease in Stroop
interference scores. Alcohol AB was therefore was reduced by a single session of ABM
training. Nevertheless, Langbridge et al. (2019) did not observe any beneficial effect of ABM
in binge drinking. In their study, binge drinkers received either ABM, sense of control training,
both interventions, or no intervention. They were compared against non-binge drinkers who
did not receive any intervention. After the intervention, the alcohol AB decreased over time in
all participants, regardless of the intervention administered. Alcohol consumption in binge

drinkers was reduced when receiving the combined interventions. While binge drinkers



showed higher alcohol AB than non-binge drinkers at baseline, these findings showed the null
effect of ABM on alcohol AB in binge drinking. The authors however underlined the insufficient

power of their analyses to detect group differences.

2.2.  Eye-tracking data

Influence of psychological variables on the relationship between AB and alcohol use. In van
Duijvenbode et al. (2012), participants with long term abstinence were grouped according to
intellectual impairments (none or mild to borderline). Results showed that participants did not
present AB, independently of intellectual abilities. Similar findings were found in van
Duijvenbode et al. (2017a), who showed that the intensity of alcohol AB did not differ according
to participants’ 1Q. This study therefore confirmed that the intensity of intellectual disabilities

did not influence alcohol AB.



Supplementary Table 1. Studies scoring using the adapted quality assessment tool for observational cohort and cross-
sectional studies (NHLBI, 2014).

Authors

Date

Score for each item

%

1 2 4a 4b 5a 5b 5c 5d 6 7 8 9a 9b 10 11a | 11b 12 14a | 14b | score
Albery et al. 2015 Y N Y N Y N N Y Y Y Y Y Y N Y Y N Y Y 68
Baker et al. 2014 Y Y N Y Y Y N Y Y Y Y Y Y N Y Y N Y Y 79
Beraha et al. 2018 Y Y Y Y Y Y Y N Y Y N Y Y Y Y Y N Y Y 84
Bollen et al. 2020 Y Y Y Y Y Y Y Y Y Y Y Y Y N Y Y N Y Y 89
Bollen et al. 2021 Y Y N Y Y Y Y Y Y Y N Y Y N Y Y N Y Y 79
Brown et al. 2018 Y Y Y Y N Y Y Y Y Y Y Y Y N Y Y N Y Y 84
Brown et al. 2020 Y Y Y N N N N N Y Y Y Y Y N Y Y N N Y 58
Bruce & Jones 2004 Y Y Y Y N N Y Y Y N Y Y Y N Y Y N N N 63
Ceballos et al. 2009 Y Y Y N Y N N N Y Y Y Y Y N Y Y Y Y Y 74
Carrigan et al. 2004 Y Y N Y Y N N Y Y N Y Y Y N Y Y N Y Y 68
Christiansen & Bloor 2014 Y Y Y Y Y N N N Y Y Y Y Y N Y Y N Y N 68
Christiansen et al. 2015 Y Y Y Y Y N N Y Y Y Y Y Y N Y Y N N Y 74
Clarke et al. 2014 Y Y Y Y Y N N N Y Y Y Y Y N Y Y N Y Y 74
Cox et al. 2002 Y N Y N N N N N Y Y Y Y Y Y Y Y N N N 53
Cox et al. 2003 Y N Y Y Y N N N Y Y Y Y Y N Y Y N Y Y 68
den Uyl et al. 2018 Y Y Y Y Y Y N Y Y Y Y Y Y N Y Y N Y N 79
DePalma et al. 2017 Y Y Y Y N N N Y Y Y Y Y Y N Y Y N Y Y 74
Duka et al. 2002 N Y N Y N N N N Y Y Y Y Y N Y Y N Y N 53
Duka & Townshend 2004 Y Y Y Y N N N N Y Y Y Y Y Y Y Y N Y N 68
Elton et al. 2021 Y Y N Y Y N N N Y Y Y Y Y N Y Y N Y Y 68
Emery & Simons 2015 Y N N N Y N N Y Y N Y Y Y N Y Y N Y Y 58
Fadardi & Cox 2006 Y Y Y Y Y N N Y Y Y Y Y Y N Y Y N Y Y 79
Fadardi & Cox 2008 Y Y Y Y Y Y Y Y Y Y Y Y Y N Y Y N Y Y 89
Fadardi & Cox 2009 Y Y N Y Y N N Y Y Y Y Y Y N Y Y N Y N 68
Fernie et al. 2012 Y Y N Y Y N N N Y Y N Y Y Y Y Y N N Y 63
Field et al. 2004 Y Y Y Y N N N N Y Y Y Y Y N Y Y N Y N 63
Field et al. 2005 Y Y Y Y N N N N Y Y Y Y Y N Y Y N Y Y 68
Field et al. 2007 Y Y Y Y Y N N N Y Y Y Y Y N Y Y N Y Y 74
Field et al. 2011 Y Y Y Y Y N N N Y Y Y Y Y N Y Y N N Y 68
Field et al. 2013 Y N N Y Y N N Y Y Y Y Y N N Y Y N N Y 58
Fridici et al. 2013 Y Y N Y Y N N N Y N N Y Y N Y Y N Y Y 58
Fridici et al. 2014 Y Y N Y Y N N N Y N N Y Y N Y Y N Y Y 58
Garland 2011 Y N Y Y Y N N N Y Y Y Y Y N Y Y N Y Y 68
Gladwin et al. 2013 Y N Y Y Y N N N Y Y Y Y Y N Y Y N N Y 63
Gladwin 2017 Y N N N Y N N N Y Y Y Y Y N Y Y N N Y 53
Gladwin et al. 2020 Y N N N Y N N Y Y Y Y Y Y N Y Y N Y N 58
Groefsema et al. 2016 Y N N Y Y N N Y Y Y Y Y Y Y Y Y N Y Y 74
Gunn et al. 2021 Y N Y Y Y N N Y Y Y Y Y Y N Y Y N N N 63
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Van Den Wildenberg et 2006 Y Y N Y Y N N N Y Y Y Y Y N Y Y N Y Y 68
al.
Van Duijvenbode et al. 2012 Y Y Y N N N N N Y N Y Y Y N Y Y N N Y 53
Van Duijvenbode et al. 2016 Y N N Y Y Y Y Y Y Y Y Y Y N Y Y N Y Y 79
Van Duijvenbode etal. | 2017a | Y N N Y Y Y Y Y Y Y Y Y Y N Y Y N Y Y 79
Van Duijvenbode etal. | 2017b | Y N N Y Y Y Y Y Y Y Y Y Y N Y Y N Y Y 79
Van Hemel-Ruiter et al. 2015 Y Y Y N Y N N N Y N Y Y Y N Y Y N Y Y 63
Van Hemel-Ruiter et al. 2016 Y Y Y Y N N N N Y Y Y Y Y Y Y Y N Y Y 74
Vollstadt-Klein et al. 2009 Y Y N Y N N N N Y Y Y Y Y N Y Y N Y N 58
Waters & Green 2003 Y N N N Y N N N Y Y Y Y Y N Y Y N Y Y 58
Weafer & Fillmore 2012 Y N N Y Y N N Y Y N Y Y Y N Y Y N Y Y 63
Weafer & Fillmore 2013 Y N N Y N N N Y Y Y Y Y Y Y Y Y N Y Y 68
Wiers et al. 2017 Y Y N Y N N N N Y Y Y Y N N Y Y N Y Y 58
Wilcockson & Pothos 2015 Y Y Y N Y N N N Y N Y Y N N Y Y N Y Y 58
Wilcockson et al. 2019 Y Y Y N N N N Y Y N Y Y N N Y Y N N Y 53
Willem et al. 2013 Y N N Y Y N N N Y N Y Y Y N Y Y N Y Y 58

Legend: N, No; Y, Yes; CD, Cannot Determine

Note: Question related to each item:
(1)  Was the research question or objective in this paper clearly stated?
) Was the study population clearly specified and defined (i.e. demographics, location)?
a) Were all the subjects selected or recruited from the same or similar populations?
b) Were inclusion and exclusion criteria for being in the study pre-specified and applied uniformly to all participants?
a) Was the sample size sufficiently large (higher than 20 participants per group)?
b) Was a sample size justification provided?
c) Was a power description provided?
d) Was a variance and effect estimates provided?
) For the analyses in this paper, were the exposure(s) of interest (i.e. measure of chronic alcohol-consumption) measured prior to the outcome(s) being
measured?
(7)  Was the timeframe sufficient so that one could reasonably expect to see an association between exposure and outcome if it existed (a minimum of 6
months)?
(8)  For exposures that can vary in amount or level, did the study examine different levels of the exposure as related to the outcome (e.g., categories of
exposure, or exposure measured as continuous variable)?
) Were the exposure measures (independent variables) clearly defined?
) Were the exposure measures (independent variables) valid, reliable, and implemented consistently across all study participants?
) Was the exposure(s) assessed more than once over time?
a) Were the outcome measures (dependent variables, i.e. attentional bias measures) clearly defined?
b) Were the outcome measures (dependent variables) valid, reliable, and implemented consistently across all study participants?
) Were the outcome assessors blinded to the exposure status of participants?
4a) Were key potential confounding variables measured and adjusted statistically for their impact on the relationship between exposure(s) and outcome(s)?
14b) Were key potential confounding variables identified and discussed in the limitation section of the discussion?
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