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Background: Neuroscientific models of alcohol use disorders (AUDs) postulate an imbalance
between automatic, implicit, and controlled (conscious) processes. Implicit associations towards alcohol
indicate the automatically attributed appeal of alcohol-related stimuli. First, behavioral studies indicate
that negative alcohol associations are less pronounced in patients compared to controls, but potential
neurophysiological differences remain unexplored. This study investigates neurophysiological correlates
of implicit alcohol associations in recently abstinent patients with AUD for the first time, including pos-
sible gender effects.

Methods: A total of 62 patients (40 males and 22 females) and 21 controls performed an alcohol
valence Implicit Association Test, combining alcohol-related pictures with positive (incongruent condi-
tion) or negative (congruent condition) words, while brain activity was recorded using 64-channel elec-
troencephalography. Event-related potentials (ERPs) for alcohol-negative and alcohol-positive trials
were computed. Microstate analyses investigated the effects of group (patients, controls) and condition
(incongruent, congruent); furthermore, possible gender effects in patients were analyzed. Significant
effects were localized with standardized low-resolution brain electromagnetic topography analysis.

Results: Although no behavioral group differences were found, ERPs of patients and controls were
characterized by distinct microstates from 320 ms onwards. ERPs between conditions differed only in
patients with higher signal strength during incongruent trials. Around 600 ms, controls displayed
higher signal strength than patients. A gender effect mirrored this pattern with enhanced signal strength
in females as opposed to male patients. Around 690 ms, a group-by-valence interaction indicated
enhanced signal strength in congruent compared to incongruent trials, which was more pronounced in
controls.

Conclusions: For patients with AUD, the pattern, timing, and source localization of effects suggest
greater effort regarding semantic and self-relevant integration around 400 ms during incongruent trials
and attenuated emotional processing during the late positive potential timeframe. Interestingly, this
emotional attenuation seemed reduced in female patients, thus corroborating the importance of gender-
sensitive research and potential treatment of AUD.

Key Words: Alcohol Use Disorder, Implicit Association Test, Event-Related Potentials,
Microstates, Gender.

CURRENT NEUROSCIENTIFIC models of sub-
stance use disorders postulate an imbalance between

automatic, implicit, and control processes (e.g., Schacht
et al., 2013; Volkow and Baler, 2014). Here, implicit associa-
tions toward alcohol, as measured with the Implicit Associa-
tion Test (IAT; Greenwald et al., 1998, 2003), could be an
indicator for this automatically attributed appeal of alcohol-
related stimuli. The IAT measures the relative strength of
associations between concepts (indicated by the reaction
time-based IAT effect) and is based on the rationale that peo-
ple are slower in combining incongruent versus congruent
concepts.
Preclinical behavioral research using bipolar alcohol

valence IATs indicated strong negative alcohol associations,
which were less negative in heavy than in light drinkers
(Wiers et al., 2005; Wiers et al., 2002). However, unipolar
IATs yielded positive as well as negative implicit alcohol
associations, but positive associations correlated stronger
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with alcohol use (e.g., Ames et al., 2014; Houben and Wiers,
2008; Jajodia and Earleywine, 2003; Wiers et al., 2002). In
clinical samples, unipolar IATs yielded positive and negative
associations, whereby only negative associations were
weaker in patients than in controls (Dickson et al., 2013). A
bipolar IAT revealed a negative bias in patients with alcohol
use disorders (AUD; De Houwer et al., 2004). Based on these
first results, we (i) define the combination of alcohol-related
pictures with negative word as the congruent condition,
whereas in the incongruent condition, positive words are
paired with alcohol-related pictures; and (ii) we expect less
negative alcohol associations in patients than controls.

While behavioral research has begun to explore alterations
in the reaction time-based IAT effects in patients with AUD,
the neurophysiological basis of the alcohol-related IAT effect
remains unknown. Previous neurophysiological studies on
the IAT mostly focused on various aspects of social cogni-
tion (e.g., Knutson et al., 2007; Schiller et al., 2016; Williams
and Themanson, 2011) or self-evaluative processes (e.g.,
Egenolf et al., 2013; Fleischhauer et al., 2014; Xiao et al.,
2015). Only one study examined event-related potentials
(ERPs) of an addiction-related IAT in a sample of patients
with Internet addiction (Chen et al., 2018). Along with
reports on early components (e.g., P1; Fleischhauer et al.,
2014), those studies have repeatedly indicated that the ampli-
tude (Chen et al., 2018; Coates and Campbell, 2010; Xiao
et al., 2015) and timing (Schiller et al., 2016) of the N2 com-
ponent differ between incongruent and congruent trials,
which was attributed to a larger preresponse conflict in
incongruent trials.

Regarding later components, reports included higher
amplitudes (O’Toole and Barnes-Holmes, 2009; Williams
and Themanson, 2011) during the N400 timeframe, which
typically varies with semantic congruency and might reflect
sensibility to semantic violations in incongruent conditions.

Further, studies indicated that the late positive potential
(LPP), a central positivity, linked to sustained and more
elaborative processing of salient emotional stimuli (Cuthbert
et al., 2000; Dillon et al., 2006), varies with IAT conditions
(Hurtado et al., 2009; O’Toole and Barnes-Holmes, 2009;
Williams and Themanson, 2011). These studies suggested
that enhanced LPP in congruent trials reflects stronger and/
or longer emotional and evaluative processing. Finally, Schil-
ler and colleagues (2016) reported a longer microstate repre-
senting cognitive control in the selection of motor responses.

Source analysis of ERP data indicated that brain regions
involved in IAT effects include the lingual gyrus as a genera-
tor of early effects (Schiller et al., 2016) and midcingulate,
posterior parietal, and frontal regions as generators of late
effects (Egenolf et al., 2013; Schiller et al., 2016). fMRI stud-
ies on IAT effects in social cognition revealed higher activa-
tion in ventrolateral and dorsolateral prefrontal cortex and
anterior cingulate (Chee et al., 2000; Knutson et al., 2006;
Luo et al., 2006) during incongruent compared to congruent
trials, highlighting the role of inhibitory processes during the
processing of these trials. Congruent, in contrast to

incongruent, trials activated brain areas such as orbitofron-
tal, medial temporal, and insular regions, but superior and
medial frontal activation was reported as well (Knutson
et al., 2007; Knutson et al., 2006).

Two fMRI studies investigated brain activation during
substance-related IATs with preclinical samples: Ames and
colleagues (2013) found significantly greater bilateral activity
in the caudate and putamen in marijuana users during per-
formance of congruent trials relative to controls. During
incongruent trials, controls showed enhanced activity in the
right inferior frontal gyrus region compared to users. Per-
forming a unipolar alcohol valence IAT, light drinkers exhib-
ited higher activation in the left orbitofrontal cortex
compared to heavy drinkers (Ames et al., 2014). In heavy
drinkers, the left putamen and insula were enhanced in alco-
hol-positive compared to alcohol-neutral mappings.

As the neurophysiological basis of implicit alcohol-related
associations in a clinical sample with AUD is still unknown,
the first aim of the present study is to investigate ERPs
recorded with multichannel electroencephalography (EEG)
during an alcohol valence IAT. Microstate analysis segments
the continuous ERP signal into a series of quasistable
topographies, each representing a specific step of mental pro-
cessing by distinct underlying networks (Koenig et al., 2013;
Lehmann and Skrandies, 1980). Such analyses allow to ana-
lyze ERPs in a data-driven, reference-independent way, with-
out a priori assumptions regarding generators or preferable
electrode positions (Koenig et al., 2013), and have success-
fully been applied to ERPs collected during an IAT (Schiller
et al., 2016). Applying these analyses to compare the neuro-
physiological activation of patients with AUD to healthy
controls will broaden our understanding of neuronal under-
pinnings of implicit alcohol associations in AUD.

The second aim of this study is to examine gender effects.
Recent research and societal developments highlight the
importance of gender-sensitive perspectives on alcohol use
(McCaul et al., 2019): Although AUD is more prevalent in
males than females (Grant et al., 2015), this gender gap is
narrowing, especially in young cohorts (Keyes et al., 2011;
Slade et al., 2016). This development may be related to an
ongoing change of gender roles and norms via socialization
across time (Slade et al., 2016). While women grow more
similar to men when it comes to mere frequencies of AUD
development, there are important and remarkable differences
between male and female patient samples. These differences
comprise biological (e.g., higher risk of cancer in women) as
well as psychological variables (e.g., drinking as avoidance
coping is more pronounced in men; Nolen-Hoeksema, 2004)
and stress the importance of the development of gender-sen-
sitive models and treatment approaches for AUD (see also
Becker and colleagues (2016)). Moreover, a first IAT study
indicates gender effects with heavy drinking females showing
more negative associations towards alcohol than males
(Houben et al., 2011). Expanding this research, our second
aim is a deeper understanding of gender-specific alcohol
associations in a clinical sample.
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MATERIALS ANDMETHODS

Participants

A total of 65 patients were recruited during an alcohol-specific
inpatient treatment program at 1 of 2 specialized addiction treat-
ment centers in Switzerland (Clinic Suedhang, Bern [n = 49], and
Forel Clinic, Zurich [n = 13]) to participate in this double-blind ran-
domized controlled trial investigating an alcohol-specific inhibition
training (Tschuemperlin et al., 2019). Only baseline and pre-inter-
vention data were included in the present analyses. All patients ful-
filled the main diagnosis of AUD according to Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition (DSM-5;
American Psychiatric Association, 2013), and were 18 to 60 years of
age. At the time of the study, patients were detoxified and abstinent
for a minimum of 23 days (mean: 43.29, range: 23 to 89 days).
Other severe substance use disorders (except nicotine; Drug Use
Identification Test; DUDIT ≥ 25 per substance, Berman et al.,
2005) diagnosed neurocognitive disorder in the medical history, or
current treatment with benzodiazepines or methylphenidate led to
exclusion. Three patients had to be excluded due to insufficient IAT
(n = 2) or EEG data quality (n = 1; see respective sections), result-
ing in a final sample of 62 patients.

A total of 22 controls ages 18 to 60, with nonproblematic drink-
ing behavior (Alcohol Use Disorders Identification Test,
AUDIT < 8; Babor et al., 2001; Alcohol Use Disorder Scale, AUD-
S < 2; Wechsler et al., 1994) and low scores regarding psy-
chopathology (Brief Symptom Check List, BSCL, GSIt-value ≤ 63;
Franke, 2000), were recruited. Current treatment for a psychiatric
diagnosis and/or psychopharmacological medication, treatment for
substance use disorder in the past, problematic substance use (ex-
cept nicotine; DUDIT ≥ 8 per substance; Voluse et al., 2012), neu-
rocognitive problems, AUD in first-degree relatives, and hearing
impairments were exclusion criteria. One participant was excluded
because of technical problem during the IAT, resulting in a final
sample of 21 controls.

The study was approved by the ethics committees (No. 2016-
00988) of the cantons of Bern and Zurich, Switzerland, in accor-
dance with the Declaration of Helsinki and registered at Clini-
calTrial.gov (NCT02968537). All subjects provided written
informed consent. For more details on procedure, tasks, materials,
and questionnaires used in this study, see Tschuemperlin and col-
leagues (2019).

Questionnaires

The AUDIT (Babor et al., 2001), a screening instrument for
AUD, and the AUD-S (adapted to DSM-5; Wechsler et al., 1994)
measuring self-rated AUD symptoms, were used to assess the sever-
ity of the drinking problem. For the diagnosis of AUD, the DIA-X
(adapted to DSM-5; Wittchen and Pfister, 1997) was used. The
BSCL (Franke, 2000) quantified general psychopathology. More-
over, alcohol craving (Obsessive Compulsive Drinking Scale;
OCDS-G; Mann and Ackermann, 2000), and positive and negative
alcohol outcome (Comprehensive Alcohol Expectancy Scale,
CAEQ; Demmel and Hagen, 2003; Nicolai et al., 2010) were
assessed (see Table 1). A detailed overview of the sociodemo-
graphic, clinical, and motivational characteristics can be found in
online Supporting Information (SI, Table S1).

Procedure

At the time of commencing treatment, potential participants were
invited to a meeting, where inclusion and exclusion criteria were
checked and informed consent was obtained. During the second
week of treatment program, all descriptive data, the clinical inter-
view (DIA-X), and questionnaires (AUDIT, AUD-S) of patients
were collected. At the end of the third treatment week, multichannel

EEG was assessed, while subjects completed 3 experimental tasks
(see Tschuemperlin et al., 2019), including an alcohol valence IAT.
Shortly before completing experimental tasks, patients filled in 2
other questionnaires (OCDS-G and CAEQ). Patients received 50
CHF (47 Euro) for the EEGmeasurement.

The control group first completed a screening questionnaire bat-
tery (including AUDIT, AUD-S, and BSCL) to check for inclusion
and exclusion criteria. During a second appointment, controls filled
in the remaining questionnaires (OCDS-G, CAEQ) before partici-
pating in EEG measurement and experimental tasks. Controls
received 30 CHF (28 Euro) for their participation. Both patients
and controls performed the IAT after the assessment of an alcohol-
specific Go/NoGo task.

Task and Stimuli

During the alcohol valence IAT (Greenwald et al., 1998, 2003),
pictures of alcoholic or neutral beverages (target concepts) were
paired with positive or negative words (affective category; see
Fig. 1). For each trial, a stimulus (i.e., a picture or a word) appeared
on-screen for a maximum of 1,750 ms or until an answer was given,
followed by feedback lasting 200 ms. The interstimulus interval was
250 ms.

The stimuli consisted of 3 sets of 8 pictures each depicting alco-
holic beverages (matched to an individual’s drink of choice: beer,
wine, or spirits) and 8 pictures of water. Based on previous IAT
studies (e.g., Houben et al., 2011), the affective categories consisted
of 8 positive (happy, jolly, energetic, funny, sociable, attractive,
cheerful, and smart) and 8 negative (dull, miserable, sick, depressed,
unhappy, disgusting, angry, and foolish) attributes (for German, see
also Tschuemperlin et al., 2019). During “alcohol-positive” blocks,
participants had to press the same response button for “alcohol”
and “positive attributes,” while “water” and “negative attributes”
shared the other. In “alcohol-negative” blocks, “alcohol” and “neg-
ative attributes” shared 1 response button, while “water” and “posi-
tive attributes” shared the other. To minimize sequence effects
depending on the starting affective category, alcohol-positive (P)
and alcohol-negative blocks (N) were presented twice. In order to
balance motor-related activity between both sides, the presentation
order was balanced: Half the participants performed the order
PNNP and the other half NPPN. Both versions were interposed
with self-determined rest periods and consisted of 14 blocks.

All stimuli appeared in the middle of a white screen with the
instruction to react as fast as possible by pressing 2 possible
response buttons on a keyboard. Initially, and with all changes of
key assignment, participants performed 2 or 3 practice blocks con-
sisting of 16 trials each. First, they had to classify target concepts
(alcohol, water) and/or the affective categories (positive, negative)
to left (“a”) and right (“l”) by pressing a button. Then, they prac-
ticed the combination of target and affective categories. After, a
longer test block of 64 trials followed. As assignment rules changed
frequently, a reminder of both currently correct combinations was
presented in the upper left and right corners during the whole block
(see Fig. 1).

The whole task consisted of 416 trials and lasted 10 to 20 min-
utes, depending on the individual’s speed and chosen rest periods.
E-Prime v2.0 (PST, Sharpsburg, PA) was used to develop the IAT
presentation and data recording.

Only the 160 alcohol trials (alcohol-positive [AP] and alcohol-
negative [AN] assignments) were included in behavioral and ERP
analyses, while other trials (water-positive and water-negative map-
pings), not representing the concept of interest, were excluded from
analyses.

IAT Effect: dALC. To calculate the IAT effect (d-score dALC),
the improved scoring algorithm of Greenwald and colleagues (2003)
was applied (including trials of combined practice blocks and the
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choice of the error penalty of 600 ms when dealing with incorrect
trials), with only slight adjustments to suit the present design: All tri-
als with RT above 300 ms from the combined blocks were used,
excluding participants with more than 10% of latencies under
300 ms (n = 2). Incorrect trials were replaced with individuals’
mean RT of correct trials with 600 ms added. Then, individual
means of practice and test blocks plus 1 pooled standard deviation
(SD) for all practice trials as well as from all test blocks were calcu-
lated. Further, alcohol-positive trials were subtracted from alcohol-
negative trails for practice and test blocks separately, normalizing
these differences by the individualized pooled standard deviation of
practice or test block, respectively. Computing the alcohol-related
IAT effect score (dALC), the 2 quotients were finally averaged to
quantify the individual alcohol valence bias: Positive dALC scores
stand for positive alcohol associations.

Statistical Analyses of Behavioral Data

Behavioral data were analyzed with SPSS software (IBM Corpo-
ration Armonk, NY, version 26). As dALC and RTs on correct trials

were normally distributed (Kolmogorov–Smirnov test, p > 0.05 and
visual inspection of histograms), t-tests were performed to analyze
dALC differences between groups and RT of the correct alcohol trials
was analyzed with a repeated-measures analysis of variance
(ANOVA) with the factors valence (AP, AN) and group (patients,
controls). The dALC was also normally distributed in both genders,
and the same analysis was performed for gender differences in
patients.

Electrophysiologic Data

EEG Recording, Preprocessing, Data Reduction. EEG was
recorded with BrainVision Recorder (Brain Products GmbH, Gilch-
ing, Germany) using active scalp electrodes (64 positions of
extended 10/10 system; sampling rate 500 Hz; band-pass filter 0.016
to 250 Hz; impedances ≤20 kΩ; online reference FCz). Artifact
rejection was performed offline with BrainVision Analyzer (Brain
Products GmbH, Gilching, Germany), and eye movement artifacts
were removed by means of an independent component analysis
(ICA) with a plug-in incorporating the ICA algorithm

Table 1. Descriptions and Comparison of (A) Patients and Controls and (B) Male and Female Patients

A: Patients vs. controls B: Male vs. female patients

Patients (n = 62) Controls (n = 21) Male patients (n = 40) Female patients (n = 22)
M (SD) M (SD) t df p M (SD) M (SD) t df p

Education 14.16 (2.59) 15.43 (3.14) �1.84 81 0.070 14.03 (2.52) 14.41 (2.75) �0.56 60 0.580
AUDIT 26.37 (5.50) 4.52 (2.16) 17.67 81 <0.001* 25.13 (4.87) 28.64 (5.97) �2.50 60 0.015*

Med (Range) Med (Range) z p Med (Range) Med (Range) z p

Age 45 (24 to 60) 50 (25 to 58) �0.17 0.863 44.5 (24 to 60) 46 (29 to 57) �0.32 0.751
AUD-S 2.70 (0.00 to 4.00) 0.00 (0.00 to 0.30) �0.68 <0.001* 2.70 (0.35 to 4.00) 2.72 (0.00 to 3.35) �0.40 0.691
BSCL 0.90 (0.06 to 2.74) 0.15 (0.00 to 0.55) �5.74 <0.001* 0.77 (0.06 to 2.60) 1.24 (0.15 to 2.74) �2.71 0.007*
OCDS-G 7 (0 to 24) 2 (0 to 11) �3.68 <0.001* 6 (0 to 21) 11 (0 to 24) �3.00 0.003*
CAEQ 1 3.20 (0.93 to 4.60) 3.00 (1.27 to 3.93) �1.59 0.112 3.20 (0.93 to 4.60) 3.23 (1.33 to 4.53) �0.49 0.627
CAEQ 2 3.71 (1.00 to 5.00) 2.57 (1.14 to 4.29) �4.56 <0.001* 3.71 (1.00 to 5.00) 3.79 (1.00 to 5.00) �0.58 0.565
CAEQ 3 2.90 (1.00 to 4.50) 2.90 (1.30 to 4.30) �0.49 0.622 2.95 (1.30 to 4.50) 2.85 (1.00 to 3.90) �0.77 0.444
CAEQ 4 2.50 (0.00 to 4.75) 1.50 (1.00 to 3.75) �3.76 <0.001* 2.50 (0.00 to 4.50) 2.63 (1.00 to 4.75) �0.50 0.621
CAEQ 5 2.60 (0.40 to 4.60) 2.40 (1.00 to 3.80) �1.01 0.313 2.60 (0.40 to 4.60) 2.70 (1.00 to 4.60) �0.51 0.611

v2 df p

Gender 22f: 40m 6f: 15m 0.10 1 0.755

water/ 
nega�ve

happy

wine / 
posi�ve

wine / 
posi�ve

water / 
nega�ve

wine/ 
nega�ve

sad

water / 
posi�ve

water / 
posi�ve

wine / 
nega�ve

Fig. 1. Implicit Association Test (IAT). Pictures of alcohol beverages were paired with either a positive or a negative word. In alcohol-positive blocks,
alcohol-related pictures and positive adjectives were assigned to the same response button, whereas in alcohol-negative blocks, alcohol-related pictures
and negative adjectives shared a response button. A reminder of which picture and word type was allocated to which side was continuously presented in
the upper corners of the screen. [Color figure can be viewed at wileyonlinelibrary.com]
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corresponding to EEGLAB (sccn.ucsd.edu/eeglab/index.php);
channel with excessive artifacts was interpolated using spherical
splines; remaining artifacts were removed manually. Data were fil-
tered (band-pass filter IIR [24 dB/oct]: 0.5 to 20 Hz; notch: 50Hz)
and rereferenced to average reference. Individual ERPs for artifact-
free and correct AP/AN assignments were computed by averaging
segments from 0 to 1,000 ms poststimulus. For patients (AP: 33 to
80, AN: 26 to 80) and controls (AP: 41 to 76, AN: 32 to 78), an aver-
age of 63 artifact-free segments was included, excluding 1 person
due to too few ERP trials (<20 per condition as in Stein et al., 2018).
Grand-mean ERPs for AP/AN assignments and difference maps
(AN minus AP) per group (patients/controls; male/female patients)
were computed by averaging the individual ERPs.

Microstate Analysis. Using signals from all electrodes, micro-
state analysis segments the ERP signal data-driven and reference-in-
dependent into sequences with quasistable map topographies. These
microstates stand for distinct steps in stimulus processing and repre-
sent activation of underlying networks (Koenig et al., 2013; Leh-
mann and Skrandies, 1980).

Microstate analyses were conducted with Ragu (Koenig et al.,
2011), where a k-means clustering algorithm was applied to the
grand-mean AP and AN ERPs of patients and controls to identify
prototypical microstate maps. The optimal number of microstate
maps was identified with a cross-validation procedure (Koenig
et al., 2013; see SI3), and these prototypical microstate maps were
then assigned to the grand-mean AP and AN ERPs of patients and
controls. To examine gender effects in patients, the microstate maps
observed in the patient sample were assigned to the grand-mean AP
and ANERPs of male and female patients.

To statistically test whether the factors groups (patients/controls,
male/female patients), conditions (AP/AN), and their interaction
had an effect on the microstate sequence, effects observed in the
actual data were compared to effects obtained with data wherein the
assignment of an ERP to a certain level of the factor group and/or
condition was randomized (i.e., effects observed under the null
hypothesis; 5,000 randomizations; (Koenig et al., 2013; see SI3)). A
p-value of 0.05 indicates that only 5% of all effects obtained in the
5,000 randomization runs were larger than the effects obtained in
our real data. Two effect parameters were extracted per microstate,
factor, and condition and statistically analyzed with Ragu software:
(i) Duration of each microstate, which is an index of time spent in a
particular processing step; and (ii) MeanGlobal Field Power (GFP;
Lehmann and Skrandies, 1980), which indicates overall signal
strength (and thus the amount of simultaneously recruited neural
resources by a particular processing step) and is independent of
topography. GFP was calculated as the standard deviation of scalp
voltages over all electrodes at each time point. Then, mean GFP per
microstate was computed by averaging across the time points to
which this microstate was assigned. As it takes 30 ms for a visual
signal to reach the visual cortex (Sasaki andWatanabe, 2017), statis-
tical analyses were restricted to microstates starting after 30 ms.

Source Analysis. Source analysis for significant GFP effects
was computed with standardized low-resolution brain electromag-
netic topography analysis (sLORETA; retrieved from https://
www.uzh.ch/keyinst/loreta.htm; Pascual-Marqui, 2002) using log-
transformed nonnormalized current density reconstruction (CDR)
values, which were averaged for timeframes within a given micro-
state. Voxel-wise t-tests on averaged CDR values investigated the
paired contrast (AN vs. AP/patients vs. controls/males vs.
females), which had produced significant effects in the respective
microstate. As statistical significance of these effects had already
been determined on the scalp level, the presence of activation dif-
ferences in underlying networks was considered to be statistically
established. The role of sLORETA was thus not to determine sta-
tistical significance, but to identify the most probable generators

for these effects. Therefore, only a single-voxel threshold (corre-
sponding to an alpha level of 0.5% [1-tailed]) was applied. For all
clusters consisting of suprathreshold voxels, peak coordinates and
cluster size are reported. In one case, a more conservative thresh-
old (alpha level of 0.1%) had to be used due to very large effects.
If analyses yielded no suprathreshold voxels, the voxel with the
highest t-value is reported with reference to its limitation. See SI4
for more details.

RESULTS

Implicit Alcohol Associations in AUD (Patients vs. Controls)

Sample Description. Patients did not differ significantly
regarding age and gender from control subjects except of a
trend toward fewer years of education. As expected, patients
scored higher in general psychopathology (BSCL) and alco-
hol-specific variables (AUDIT, AUD-S, OCDS-G, CAEQ;
see Table 1). For more details, see also SI1, Table S1.

Behavioral Data. Mean dALC scores of patients
(M = �0.245, SD = 0.436) and controls (M = �0.351,
SD = 0.416) were negative, indicating negative alcohol asso-
ciations and thus confirming our assumption of alcohol-neg-
ative mappings being our congruent condition. Thereby, no
significant difference between groups (t(81) = 0.980,
p = 0.330) was found. Note that the small dALC scores and
large standard deviations point to a considerable heterogene-
ity across the sample with some scores around zero indicat-
ing potential ambivalence. Regarding error rates, no
significant differences between groups were observed. Within
patients, error rates were higher in the incongruent condi-
tion, while controls showed a nonsignificant trend in the
same direction. While reaction times were higher in patients
(compared to controls) and in the congruent (compared to
incongruent) condition, there was no interaction between
group and condition (see SI2.1 for details).

ERP and Microstate Analyses. Figure 2 shows congru-
ent and incongruent ERPs and difference maps of patients
and controls, as well as for male and female patients.
Microstate analysis revealed the optimal number of 11

microstates, which explained 93.83% of the variance in the
congruent and incongruent ERPs of patients and controls.
The 11 identified microstate maps and microstate sequences
in the ERPs of both groups are displayed in Fig. 3A. Note
that microstates 1 to 4 and 8 and 9 occur in both groups,
while microstates 5, 7, and 11 occur only in patients and
microstates 6 and 10 occur only in controls. Analyses for
these group-specific microstates were conducted separately
for patients or controls, whereby no main effect of group can
be reported. Analyses of all other microstates were
conducted in the total sample (N = 83). Note that only sig-
nificant results or trends are reported in the text. If not
mentioned, there was no significant effect. Microstate
occurrence per group and valence are depicted in SI3
(Table S2).
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Early Microstates (2 to 4: Patients and Controls)-approxi-
mately 0 to 320 ms. In microstate 3, significantly higher
map strength occurred in incongruent than in congruent tri-
als (1.30 lV vs. 1.20 lV, p = 0.003).

Intermediate Microstates (5/7: Patients; 6: Controls; 8:
Patients and Controls)-approximately 320 to
700 ms. Between 300 and 400 ms, patients displayed
microstate 5, with a significant effect of valence on map
strength: Incongruent trials showed higher GFP than con-
gruent ones (0.77 lV vs. 0.64 lV, p = 0.002). During this
timeframe, controls exhibited microstate 6, where no signifi-
cant effect was found (GFP = 0.67 lV in both conditions,
p = 0.94). In microstate 8, controls had significantly higher
GFP than patients (0.55 lV vs. 0.28 lV, p = 0.007).

Late Microstates (9: Patients and Controls; 10: Controls;
11: Patients)-approximately 700 to 1,000 ms. A significant
main effect of valence as well as a group-by-valence interac-
tion was observed in microstate 9: More GFP was elicited
during congruent than incongruent trials in the whole sample
(0.23 lV vs. 0.18 lV, p = 0.004), but this difference was lar-
ger in controls (patients: 0.21 lV vs. 0.18 lV, controls:
0.34 lV vs. 0.22 lV, interaction effect: p = 0.049). Micro-
state 10 was unique for controls and microstate 11 for
patients, respectively.

Source Analyses. To estimate brain regions generating
significant main effects and interactions regarding GFP,
sLORETA source analysis was applied (Table 2a; Fig. 4A).

For the main effect of valence in microstate 3, with higher
GFP for incongruent than congruent trials, the left superior
frontal gyrus was identified as generator. A valence effect in
patient-specific microstate 5 revealed higher activation in
incongruent compared to congruent trials in clusters com-
prising the right inferior frontal gyrus, left superior temporal
gyrus, right insula, and inferior parietal gyrus, as well as in
bilateral posterior cingulate cortex (PCC, left also spreading
into parahippocampal gyrus). sLORETA of the group effect
in microstate 8 yielded no suprathreshold voxels; thus, the
estimation of higher precuneus activation in controls than
patients must be interpreted with caution. Source estimation
of the main effect of valence, as well as the group-by-valence
interaction in microstate 9, indicated that higher superior
frontal gyrus activation during AN trials was driven by
patients. The controls rather displayed higher activation in

bilateral inferior parietal gyrus as well as the left precuneus,
insula, and middle frontal gyrus.

Gender Effects in Patients

Sample Description. Male and female patients did not
differ significantly in age and education. However, women
displayed higher scores in the screening instrument for AUD
(AUDIT), but not in the number of criteria met (AUD-S).
Moreover, self-reported scores in general psychopathology
(BSCL) and craving were significantly higher in females than
in males (see Table 1).

Behavioral Data. Both, male and female patients,
showed negative alcohol associations (dALC scores; men:
M = �0.294, SD = 0.065; women: M = �0.1556,
SD = 0.101), which did not differ significantly (t
(60) = �1.179, p = 0.236). Men displayed higher error rates
than women, and both genders made more errors in incon-
gruent than congruent trials (see SI2).

ERP and Microstate Analyses. For the 9 microstates
occurring in patients, analyses of gender effects were con-
ducted. The microstate sequences for ERPs of male (n = 41)
and female (n = 21) patients are displayed in Fig. 3C.

The 9 microstates explained 87.30% of the variance in the
congruent and incongruent ERPs of both groups. As main
effects of valence were already reported in the previous sec-
tion, only significant (or trends in) main effects of group and
interactions (valence x group) in duration and mean GFP
are described here. For detailed information of the time win-
dows of each microstate in both groups and conditions,
please see Table S3 in SI3. Note that the respective analyses
were also performed in controls (see SI5). These yielded 1
single effect and will only be referred to determine whether
observed effects selectively occurred in patients or must
rather be interpreted as general gender effects.

Early Microstates (2 to 4)-approximately 0 to
320 ms. No significant gender effect was found in early
microstates.

Intermediate Microstates (5, 7, and 8)-approximately 320
to 700 ms. During microstate 5, no significant effect was
observed. A main effect of gender was found in microstates 7
and 8: Women displayed significantly more GFP than men

Fig. 3. Microstate analyses. (A) 11 microstate maps computed for the congruent and incongruent ERPs of patients and controls. Microstates occur-
ring in both groups are depicted in the central row, patient-specific (upper row), and control-specific microstates (lower row). (B) Microstate assignment
to the ERPs of patients and controls. The assignment of a microstate to a specific time point is indicated by color-coding depicted under the respective
GFP curve. The precise timeframes of occurrence per group and condition are indicated in Tables S2 and S3. The y-axis indicates that the GFP curve of
the incongruent ERP (alcohol-positive mappings) is plotted with positive values up, while the congruent ERP (alcohol-negative mappings) is flipped and
plotted with positive values down. (C) Microstate assignment to the ERPs of male and female patients indicated by color codes under the respective GFP
curve. Note again that the GFP curve of the incongruent ERP is plotted with positive values up and the congruent ERP with positive values down. The x-
axis represents time (ms) after stimulus presentation; the y-axis refers to the global field power, which is displayed in microvolts (lV). [Color figure can be
viewed at wileyonlinelibrary.com]
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(microstate 7: 0.62 lV vs. 0.27 lV, p < 0.001; microstate 8:
0.46 lV vs. 0.21 lV, p = 0.003). Note that no significant
effect in this timeframe, and rather a reversed descriptive pat-
tern, was observed in the respective analyses in controls (see
SI5; both p-values > 0.4).

Late Microstates (9 and 11) - approximately 700 to
1,000 ms. The pattern of appearance of microstate 9 resem-
bled an interaction effect, as it was visible in both ERPs of
females, but only in the congruent ERP of males. However,
as it did not occur in all conditions, the interaction could not
be statistically tested for the parameter of mean GFP and
did not reach significance for the parameter of duration.
Note that the respective analysis in controls also pointed
toward an interaction effect; thus, this seemed to be not
restricted to a patient sample.

Source Analyses. Localization of significant gender
effects with sLORETA indicated that female patients dis-
played higher activation than male patients in 2 big clusters
in left cuneus/precuneus/PPC and right precuneus/cuneus/
PCC during microstate 7, while in microstate 8, no
suprathreshold voxels were observed (Table 2b; Fig. 4B).

DISCUSSION

This study investigates neurophysiological correlates of
implicit associations toward alcohol in patients with AUD
(first aim) for the first time and explores potential gender
effects regarding these processes (second aim).

Neurophysiology of Implicit Alcohol Associations in AUD

Both groups showed negative dALC scores, validating that
alcohol-negative trials reflect the congruent condition. While
no behavioral group differences occurred, groups differed
significantly on a neurophysiological level. From 320 ms
onwards, ERPs of patients and controls were characterized
by distinct topographic patterns, with 2 specific topographies
(microstates 5 and 7) in patients, and another distinct topog-
raphy (microstate 6) in controls. Differing from controls‘
topography, and also from findings in other healthy samples
during an IAT (O’Toole and Barnes-Holmes, 2009; Schiller
et al., 2016; Williams and Themanson, 2011), patients dis-
played an extended frontal positivity during this timeframe
(Figs 2 and 3). Interestingly, ERPs varied between condi-
tions during this timeframe only in patients with microstate 5

Table 2. sLORETA Localization of the TimeframeWith Significant Effects per Microstate in (A) Patients and Controls and (B) Male and Female Patients

Microstates
R/L BA

MNI coordinates

Cluster size (n voxel) t-valueStructures per effect x y z

A Patients and controls
MS 3 (142 to 200 ms): Valence AP> AN
Superior frontal gyrus L 10 �30 55 20 1 �2.64
MS 5 (316 to 394 ms): Valence AP > AN in Pat
Inferior frontal gyrus R 46 55 30 15 14 �3.19
Superior temporal gyrus L 22 �65 �50 10 7 �3.19
Posterior cingulate (parahippocampal gyrus) L 30 (27) �10 �40 0 33 (12) �3.14
Insula R 13 40 �35 20 8 �3.00
Inferior parietal gyrus R 40 55 �40 35 9 �2.97
Posterior cingulate R 30 0 �45 20 18 �2.92
MS 8 (586 to 674 ms): Group HC > Pat
Precuneusa R 7 5 �40 45 1 �1.50
MS 9 (690 to 728 ms): Valence AN > AP
Superior frontal gyrus R 8 5 45 50 3 2.76
MS 9 (690 to 728 ms): Group 9 valence
Superior frontal gyrusb R 8 15 45 50 1 1.83
Pat: Valence AN > AP
Superior frontal gyrus R 8 20 40 50 12 3.22
HC: Valence AN > AP
Inferior parietal gyrus L 40 �35 �40 40 12 4.84
Inferior parietal gyrus R 40 45 �40 55 29 3.58
Precuneus L 31 �15 �35 40 7 3.21
Insula L 13 �45 �40 20 2 3.05
Middle frontal gyrus L 6 �35 5 50 1 2.87

B Male and female patients
MS 7 (398 to 517 ms): Group female > male
Cuneus/precuneus/posterior cingulate L 31/31/18 �10 �70 15 109 (47/37/25) �4.63
Precuneus/cuneus/posterior cingulate R 31/19/23 5 �70 20 78 (47/26/5) �4.24
MS 8 (616 to 654 ms): Group female > male
Cuneusc L 30 �15 �70 10 1 �2.20

N, alcohol-negative (congruent) mappings; AP, alcohol-positive (incongruent) mappings; BA, Brodmann’s area; HC, healthy control; MS, microstate;
MNI, Montreal Neurological Institute; Pat, patients. Timeframes of microstate reflect the maximal onset andminimal offset of all conditions. Note: Clusters
are labeled according to the regions with the dominant peak voxels. Superscripted letters indicate that there this is only a statistical trend corresponding
to a t81 = 1.50, b t81 = 1.83, and c t60 = �2.20. MS 5 was patient-specific and did not occur in controls.
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displaying higher signal strength during incongruent trials,
whereas controls did not differ between conditions. Given
the timing and generators of this effect, this finding could
represent additional resource allocation to semantic and self-
referential processing, as well as to adaptive task manage-
ment in patients. Generators of this effect in the patient sam-
ple included the bilateral PCC (BA 33; including left
parahippocampal gyrus, BA 12), the right inferior frontal
gyrus (rIFG, BA 46), the right inferior parietal gyrus (rIPG,
BA 40), and the left superior temporal gyrus (lSTG, BA 22).
The PCC has a key function in the default mode network
(Raichle et al., 2001) and has generally been related to
enhanced recruitment of additional resources during difficult
and emotional tasks (Maddock, 1999; Pearson et al., 2009),
especially when adaptations to the current model of the
world are necessary (i.e., congruent to incongruent condi-
tion; Pearson et al., 2011). The left PCC has further been pro-
posed to be an interface between episodic encoding and
semantic retrieval (Binder et al., 2009), while the lSTG (BA
22) is known to react to semantic violations (Friederici et al.,
2003). Given that ERP effects in this timeframe have been
repeatedly associated with semantic processing (e.g., Kutas
and Hillyard, 1980), semantic integration might evolve differ-
ently and more effortful on incongruent trials in our patient
sample. Enhanced activity in the IFG has previously been
found in incongruent trials of an IAT (Knutson et al., 2006)

and is assumed to be linked to inhibition (Aron et al., 2014;
Everitt and Robbins, 2016). Extending this interpretation,
and as patients also made more errors in incongruent trials,
their increased rIPG activity could reflect increased alloca-
tion of attentional resources to these subjectively more diffi-
cult trials (Rubia et al., 2003). Another source was the right
insula (BA 13), which has been implied in addiction in gen-
eral (Volkow and Baler, 2014) and also specifically in alco-
hol-related implicit associations of heavy drinkers (Ames
et al., 2014). Insula activation is associated with self-referen-
tial processing, interoception, and self-awareness (Craig,
2009). Taken together, in patients, the higher activation
(indicated by higher GFP in microstate 5) of different brain
regions during the incongruent compared to the congruent
condition might represent additional resource allocation to
semantic and self-referential processing as well as adaptive
task management. Possibly, these additional resources are
necessary during the processing of positive alcohol associa-
tions (incongruent condition), because in these recently absti-
nent inpatients, alcohol is an issue which is related to highly
personal and ambivalent topics.

At approximately 600 ms, when both groups converged
again onto the same microstates, our results might indicate
enhanced emotional processing in controls, especially during
the congruent condition. During microstate 8, controls
showed higher signal strength. In microstate 9, a significant

B

A

MS 3: INCONG > CONG MS 5PAT: INCONG > CONG MS 8: HC > PAT a MS 9: Interac�on b

MSPAT 8: f > m cMSPAT 7: f > m

MS 9PAT: CON > INCON

MS 9HC: CON > INCON

Fig. 4. sLORETA localizations. (A) Source estimations of significant effects in the analyses of patients and controls. Note that microstate 5 is patient-
specific, and this valence effect occurred thus only in patients. (B) Source estimations of significant effects in the analyses of male and female patients.
A, anterior; P, posterior; L, left; R, right;MS, microstate; CON, congruent (alcohol-negative mappings); INCON, incongruent (alcohol-positive mappings);
Pat, patients; HC, healthy controls; m, male; f, female. Note that in general, scaling was adjusted to correspond to an alpha level of 0.5% (1-tailed). In
microstate 7 (partB), a more conservative threshold (alpha level of 0.1%) had to be used due to very large effects. Also, superscripted letters indicate that
there was only a statistical trend corresponding to a t81 = 1.50, b t81 = 1.83, and c t60 = �2.20. For the specifications of the involved brain regions and the
specific timeframes used in the analyses, see Table 2. [Color figure can be viewed at wileyonlinelibrary.com]
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group 9 valence interaction revealed higher signal strength
in congruent trials, which is more pronounced in controls.
Both, microstate 8 (586 to 674 ms) and 9 (690 to 728 ms)
occurred in the typical LPP timeframe, which is thought to
index processing of emotional stimuli (Cuthbert et al., 2000;
Dillon et al., 2006). Difference maps (congruent minus incon-
gruent) of both timeframes indicate typical LPP maps in con-
trols, but not in patients (see Fig. 2). Similarly, earlier IAT
studies in healthy subjects also reported larger LPP ampli-
tudes in congruent trails (Hurtado et al., 2009; O’Toole and
Barnes-Holmes, 2009; Williams and Themanson, 2011),
which was interpreted as stronger emotional activation in
congruent than incongruent trials. The LPP enhancement in
microstate 8 in controls (in contrast to patients) might there-
fore be indicative of enhanced emotional processing during
this timeframe.
Localization of the interaction between group and condi-

tion in microstate 9 indicated that in patients, activity in the
right superior frontal gyrus (rSFG; BA 8) differed between
conditions, while controls showed more activation in inferior
parietal gyrus bilaterally (IPG; BA 40), the left precuneus
(BA 7), and the insula (BA 2) during congruent as compared
to incongruent trials. One could conclude that in the late
LPP timeframe, controls might invest more in emotional
processing during congruent compared to incongruent trials,
whereas patients exhibit primarily prefrontal processes, pos-
sibly reflecting motor preparation (average reaction time of
congruent (711 ms; �81 ms) and incongruent (756 ms;
�97 ms) trials lies in the timeframe of microstate 9). The
patients’ activation difference in SFG is in line with previous
findings (Egenolf et al., 2013), showing higher SFG activa-
tion during the LPP timeframe in congruent conditions, pos-
sibly reflecting an earlier start in response preparation in
congruent as compared to incongruent trials, as it occurred
shortly before the mean RT in congruent trials. Considering
activation differences in controls, the IPG, previously linked
to conscious motor intention (Desmurget and Sirigu, 2012),
might reflect motor response preparation as well, but activa-
tion of the precuneus (Ferri et al., 2016; Maddock, 1999) and
insula (Gasquoine, 2014) are more indicative of enhanced
emotional and self-reflective processing during congruent as
compared to incongruent trials.
The only effect, which was similar in patients and controls,

occurred during an early microstate (microstate 3, 142 to
200 ms) with a main effect of valence indicating that both
groups had higher map strength in incongruent trials, proba-
bly reflecting greater levels of response conflict during the
processing of incongruent mappings (Folstein and Van Pet-
ten, 2008; Yeung et al., 2004). The effect was localized in the
left superior frontal gyrus (BA 10), showing higher activation
during incongruent than congruent trials. This finding is in
line with earlier IAT studies interpreting larger ERP ampli-
tudes (Coates and Campbell, 2010; Xiao et al., 2015) and
enhanced prefrontal activity (Ames et al., 2014; Chee et al.,
2000) during incongruent trials as indicators of enhanced
response conflict.

Regarding behavioral data, this is the first study compar-
ing bipolar IAT results between patients and controls. Build-
ing on reports of heavy drinkers having less negative dALC

scores than light drinkers (Wiers et al., 2005; Wiers et al.,
2002), we expected negative associations toward alcohol in
patients as well as controls, but hypothesized that this bias
would be more pronounced in controls. With a negative bias
in both groups and more negative scores in controls, behav-
ioral data (dALC) descriptively aligned with this pattern, but
there was no significant group difference. While the negative
dALC scores are in line with an earlier IAT study in AUD (De
Houwer et al., 2004), the absence of group effects was unex-
pected. Perhaps, the fact that we investigated patients cur-
rently undergoing intensive AUD treatment (see also
limitations), which might have shifted their implicit bias to
become more negative, obscured potential group differences.
To test this interpretation, future research could investigate
IAT effects in individuals with AUD, who are not undergo-
ing treatment.

Gender Effects in Patients

The results of the gender-specific behavioral analysis
revealed no dALC score differences. On the neurophysiologi-
cal level, gender effects emerged. The ERP signal of female
patients, with higher LPP signal strength and overlapping
generator networks, seems to resemble the controls’ ERP
more strongly than that of male patients: Between 400 and
650 ms after stimulus presentation (microstates 7 and 8)
females showed higher signal strength than males. Genera-
tors for this effect were estimated in 2 big bilateral clusters
including the cuneus (BA 31), the precuneus (BA 19, 31), and
the PCC (BA 23, 18). Thus, not only the topographies of
female patients during both microstates (398 to 654 ms)
resembled the topographies of the controls (Fig. 2) and
might be interpreted in terms of slightly frontalized LPP
maps. Moreover, the localization of this gender effect with
higher activation in women than in men partially matches
the finding of higher precuneus activation in controls than in
patients. Both the PCC (Maddock et al., 2003) and the pre-
cuneus (Ferri et al., 2016) have previously been associated
with emotional processing, which thus might be attenuated
selectively in male patients. Note that similar analyses in con-
trols yielded no such effects; therefore, general gender effects
on signal strength during this timeframe, as previously
reported (i.e., Syrjanen and Wiens, 2013), are unlikely. Tak-
ing theoretical considerations into account (Becker et al.,
2016), an interplay of psychosocial (e.g., more social sanc-
tions for women due to alcohol consumption, e.g., de Visser
and McDonnell, 2012, or differential drinking patterns, e.g.,
Erol and Karpyak, 2015) and biological factors (e.g., sex dif-
ferences in genetics, hormones, or alcohol sensitivity) might
underlie the observed gender effects in the neurophysiology
of implicit alcohol cognitions in patients. Regarding psy-
chosocial aspects, it is possible that differences in sociocul-
tural experiences (as, e.g., the experience of social sanctions;
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de Visser and McDonnell, 2012) foster the development of
differential processing of implicit alcohol associations.
Regarding biological aspects, a heightened alcohol sensitivity
might lead to female patients implicitly assessing alcohol dif-
ferently from the less sensitive men (Nolen-Hoeksema,
2004). The fact that the gender effects were not observed in
the healthy control sample suggests that more general differ-
ences (like hormones of genes) are less likely to underlie these
effects, unless they interact with alcohol consumption.

In summary, extending earlier reports regarding gender
differences with respect to the development and maintenance
of AUD (Nolen-Hoeksema, 2004), we report differences in
the neurophysiological basis of implicit alcohol associations.
Consequently, the consideration of gender effects in future
research and the transferral of such findings into the develop-
ment of gender-sensitive treatment seem of great importance.

Limitations

Patients included in this study attended a specialized inpa-
tient treatment program for AUD, which might have influ-
enced their strategies and state of mind during IAT
participation. During AUD treatment, patients likely
focused on negative aspects of alcohol use. In the context of
the IAT performance, some expressed concerns about associ-
ating the combination of alcohol and positive attributes.
Although our data indicate negative implicit alcohol associa-
tions in patients, which is in line with previous clinical studies
(De Houwer et al., 2004; Dickson et al., 2013), high variabil-
ity in dALC scores reveals a considerable heterogeneity, which
may be associated with ambivalence. This ambivalence is
also reflected in research with unipolar IATs, which test
either positive or negative associations separately against
neutral ones. Here, both positive and negative associations
are measurable in patients (Dickson et al., 2013). Future
research in in- and outpatient settings should investigate the
role of possible applied strategies and address the issue of
considerable ambivalence in patient samples.

One might argue that the reported effects could be
explained by differences in variables like age, psychopathol-
ogy, drinking history, craving, or alcohol expectancies. How-
ever, this possibility was tested in additional analyses (see
also SI3.3), none of which yielded significant results. It is
therefore unlikely that our effects are better explained by
these variables. A further limitation lies in the a priori
assumptions, the limited spacial resolution, and failure/
scarce accountability to consider for individual brain mor-
phology introduced by sLORETA (Luck, 2005).

CONCLUSIONS

Our results improve the understanding of implicit alcohol
associations in patients with AUD, thus broadening our
knowledge about implicit (unconscious) processes relevant
to AUD. Although not discernible on a behavioral level,
patients display distinct mental processing, as indicated on

the neurophysiological level by divergent microstates and
alterations in microstate signal strength. We interpret these
neurophysiological differences between recently abstinent
patients with AUD currently attending a specialized inpa-
tient program to suggest a: (i) greater effort regarding seman-
tic and self-relevant integration around 400 ms during
incongruent trials and (ii) attenuated emotional processing
during the LPP timeframe compared to controls. Interest-
ingly, this emotional blunting was reduced in female patients,
who showed more similarities with controls than male
patients. Extending research on explicit cognitions (e.g.,
Nolen-Hoeksema, 2004), our results thus show that implicit
alcohol cognitions also vary with gender. These effects might
be a result of a complex interplay between biology, the physi-
cal environment, and psychosocial factors resulting in diverse
biological processes of addiction (Becker et al., 2016). As the
gender gap in drinking patterns and AUD development nar-
rows and more treatment-seeking female patients are to be
expected (Grant et al., 2015; Keyes et al., 2011), such neuro-
physiological results highlight the importance of gender-sen-
sitive research and encourage the development of gender-
sensitive treatment approaches to AUD.
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