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Abstract

Background: Behavioral economic theory suggests that the value of alcohol depends
upon elements of the choice context, such that increasing constraints on alternatives
(e.g., price) or increasing the benefits of alcohol (e.g., social context) may result in
greater likelihood of heavy drinking. The P3 event-related potential elicited by alcohol-
related cues, a proposed marker of incentive salience, may be an electrophysiological
parallel for behavioral economic alcohol demand. However, these indices have not
been connected in prior research, and studies typically do not disaggregate social
influences in the context of alcohol cue reactivity.

Method: The current study recruited heavy drinking young adults (N=81) who com-
pleted measures of alcohol use and alcohol demand, in addition to a 2 (social/nonso-
cial) x 2 (alcohol/nonalcohol) visual oddball task to elicit the P3.

Results: In multilevel models controlling for demographic characteristics, P3 reactiv-
ity was greater to alcohol (p<0.001) and social (p<0.001) cues than to nonalcohol
and nonsocial cues, but without a significant interaction. Higher alcohol consumption
(p=0.02) and lower elasticity of demand (p=0.01) were associated with greater P3
response to alcohol than nonalcohol cues.

Conclusions: The results highlight a brain-behavior connection that may be an im-
portant marker for alcohol reward across units of analysis and may be sensitive to

changes in the economic choice contexts that influence the likelihood of alcohol use.
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INTRODUCTION

Young adults consume alcohol at higher rates than any other age
group (Chen et al., 2004), resulting in adverse consequences (Hingson
et al,, 2017) that can interfere with achieving developmental milestones
such as college graduation and career development, and heavy drinking
is associated with a greater likelihood for alcohol use disorder (AUD) later
in life (Jennison, 2004). Identification of risk factors for harmful drinking

can alleviate burdens of alcohol use during young adulthood and prevent
development of chronic patterns of harmful alcohol use.
Behavioral economic theory

Behavioral economic theory merges concepts from economics and op-
erant psychology to explain decision making and is a useful framework
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for understanding developmentally persistent harmful alcohol use.
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From the behavioral economic perspective, alcohol use and misuse
represent a contextually dependent preference for alcohol, which pro-
vides immediate reinforcement (euphoric, stimulant, anxiolytic, or an-
algesic effects) but longer-term costs in important life-health domains
(e.g., good health, educational and vocational success), as compared
to alcohol-free alternatives that typically have lower short-term, but
higher long-term, value. From the perspective of behavioral economic
theory, levels of alcohol use are determined in part by the value of alco-
hol, and therefore measurement of alcohol value relative to constraints
is a critical goal of behavioral economic theory. In humans, relative al-
cohol value is commonly measured with hypothetical alcohol purchase
tasks (APT) (Petry & Bickel, 1998), modeled after progressive ratio
tasks quantifying behavioral output across escalating constraints. In an
APT, individuals report drink purchasing during a hypothetical drinking
scenario across a series of escalating prices (i.e., financial constraint).
Responses across prices reflect the impact of a specific constraint
(i.e., monetary cost) on choice behavior, thus capturing a contextual-
ized index of alcohol value (Murphy & MacKillop, 2006). Purchase task
data is plotted as a demand curve, with elements of the curve rep-
resenting distinct facets of motivation to consume alcohol. Research
demonstrates that, in general, alcohol consumption is high when freely
available, yet decreases as response cost increases (Hursh, 1980).
Between-person variation in consumption behavior across escalating
prices theoretically reflects variability in the motivational significance
of alcohol. Responses on APTs correspond to real-world alcohol pur-
chase behavior (Amlung & MacKillop, 2015) and with changes in real-
world alcohol use over time (Acuff & Murphy, 2017). Alcohol demand
indices are robustly correlated with alcohol consumption (Lemley
et al., 2016; Martinez-Loredo et al., 2021; Murphy & MacKillop, 2006),
use-related problems (Martinez-Loredo et al., 2021), and AUD (Gaume
etal., 2022). Alcohol demand indices also demonstrate promise as pro-
spective within-person predictors of changes in alcohol use behavior
(e.g., binge drinking, use-related problems; Acuff et al., 2023). These
findings suggest that demand has predictive utility over and above ag-
gregate measures of recent drinking, which only capture one slice of
real-world behavior.

Although drinking may cause harm, some emerging adults con-
tinue to drink because the short-term benefits (social facilitation, fun,
alleviation of boredom) outweigh these costs (Aston et al., 2021).
Social connection is a robust natural reward, especially among young
adults, and alcohol is more valuable to young adults because it in-
creases social connection (Fairbairn, 2017). Drinkers expect alcohol
to enhance social interactions (Brown et al., 1980), and acute alco-
hol intoxication increases social bonding (Sayette et al., 2012); those
who perceive higher alcohol consumption among their peers are
more likely to consume more alcohol (Neighbors et al., 2008). Recent
behavioral economic demand studies concur with these findings,
suggesting demand is greater when drinking with friends, compared
to when alone (Acuff, Soltis, & Murphy, 2020), and is monotonically
associated with the frequency of binge drinking in a person's social
network (Acuff, MacKillop, & Murphy, 2020).

Neurophysiology and behavioral economics

Little is known about the correspondence between alcohol demand
and electrophysiological indices of reward reactivity. This represents
a barrier to theory refinement, to our understanding of the connec-
tions between behavioral and biological mechanisms of risk, and,
ultimately, to our ability to predict risk for AUD onset or progres-
sion. Confirmation of relations across different operational defini-
tions of reward is critical to establishing construct validity (Campbell
& Fiske, 1959), advancing assessment, intervention, and treatment
of harmful alcohol use, and will add to recent gains in understanding
consilience between behavioral economics and other areas of ad-
diction neuroscience, including hemodynamic brain imaging (Owens
et al., 2017) and behavioral genetics (MacKillop et al., 2015).

Event-related brain potentials (ERPs) provide a direct measure of
electrocortical activity known to reflect neurocognitive processes
unfolding in real time (Luck, 2005) and may hold promise as neu-
rophysiological analogs of behavioral economic reward-relevant
markers of heavy drinking risk. The P3 ERP elicited by reward-
relevant stimuli seems promising as a neurophysiological index of
behavioral economic demand. Although the P3 is elicited by virtu-
ally any attended stimulus processing context, the P3 tends to be
most pronounced in various “oddball” paradigms (e.g., Figure 1), in
which infrequent target stimuli are presented amid sequences of
more frequent non-target stimuli (Squires et al., 1975). Across all
types of paradigms, P3 amplitude appears to index the incentive-
motivational value of eliciting stimuli (Begleiter et al., 1983; Franken
et al., 2011; Hajcak & Foti, 2020; Pfabigan et al., 2014) and has
been used in numerous studies to assess the incentive-motivational
value of alcohol-related cues (Bartholow et al., 2007, 2010, 2018;
Namkoong et al., 2004). Enhanced P3 amplitude to alcohol-related
compared to neutral images is associated with increasing hazard-
ousness of alcohol use (Webber, de Dios, et al., 2022). For example,
P3 reactivity to alcohol cues is enhanced among heavy compared
to light social drinkers (Herrmann et al., 2001), people with DSM-IV
alcohol dependence compared to controls (Namkoong et al., 2004),
and emerging adult heavy compared to lighter drinkers (Bartholow
et al., 2007; Petit et al., 2015). Thus, behavioral economic demand
for alcohol may serve as a behavioral analog corresponding to the
amplitude of the P3 elicited by alcohol cues, both of which have
been identified as indices that quantify the incentive-motivational
value of alcohol.

Current study

Behavioral economic research has demonstrated that self-reports of
alcohol demand show robust associations with harmful alcohol use.
However, little is known about the correspondence between these
self-report indices and electrophysiological indices of incentive-
motivational value (Webber, Yoon, et al., 2022). Further, no studies

have examined neural reactivity to images depicting natural, social
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rewards among heavy-drinking emerging adults. The work attempts
to contribute to recent gains in consilience between behavioral eco-
nomics and other areas of addiction neuroscience. We have two

aims and accompanying hypotheses.

Hypothesis 1. We will examine differences in P3 re-
activity to cues for social alcohol reward, social nonal-
cohol reward, nonsocial alcohol reward, and nonsocial
nonalcohol reward, as well as neutral stimuli. We pre-
dict that social alcohol reward cues will produce the
greatest P3 reactivity, given that such cues pair two
robust motivationally salient rewards, followed by so-
cial nonalcohol, nonsocial alcohol, nonsocial nonalco-

hol, and neutral (i.e., frequent) cues.

Hypothesis 2. We will examine the relations be-
tween P3 reactivity, typical number of drinks per
week, and behavioral economic demand indices. We
predict that greater alcohol demand and greater typi-
cal drinks per week will be associated with greater P3

reactivity to alcohol-related and social cues.

METHODS
Participants

The current study uses cross-sectional, baseline data from a two
session (separated by 4months) survey study that included ad-
ditional counterbalanced EEG tasks. Participants were 81 young
adults recruited from the community and a local university in the
mid-South (demographics reported in Table 1). Inclusion criteria
were: (1) 24 to 28 years old, (2) one or more instances of past month
alcohol consumption meeting or exceeding 4/3 standard alcoholic
drinks for males/females; (3) stable contact information; and (4)
English language fluency. Exclusion criteria were: (1) current or past
psychosis; (2) current or past treatment for AUD; and (3) a history
of seizures. Participants were recruited in two separate phases: (1)
through an ongoing longitudinal study and (2) within university re-
cruitment streams. The original longitudinal study explored trajec-
tories of “maturing out” among emerging adults (initially recruited
between ages 21.5 and 24.99). This secondary EEG study recruited
participants from the initial pool of participants in the longitudinal
study when participants were between 24 and 28years old. All
other inclusion and exclusion criteria were identical for Phase 2 of
recruitment. Sensitivity analyses (Table S1) suggested that partici-
pants recruited in Phase 2 were more likely to be students but did
not differ from participants recruited in Phase 1 in terms of gender/
sex assigned at birth, race, typical number of drinks per week, or age.
Additional details regarding recruitment strategies, compensation,
etc., are provided in supplemental materials. The sample initially
included 101 emerging adults; 11 were excluded from analyses for
failing to complete any of the necessary self-report measures, and
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TABLE 1 Demographic statistics.

M (SD) n (%)
Age 25.70(1.17)
Sex assigned at birth (female) 44 (54.3%)
Race
White 51 (63.0%)
Black 23(28.4%)
Asian 6 (7.4%)
Other 1(1.2%)

Student status (> part time) 67 (76.5%)

Typical drinks per week 9.99 (7.04)
Intensity 5.60 (2.75)
0,ax 24.59 (18.44)
Elasticity (alpha) 0.0106 (0.0082)

Note: Total N=81.

two were excluded from analyses because they did not comprehend
task instructions. An additional seven participants were excluded
from analyses because, based on prior psychometric work with P3
amplitude scores from a similar task (Cofresi et al., 2022), they had
too few (<6) artifact-free EEG segments per electrode for psycho-
metrically reliable measurement of P3 amplitude on at least one of

the four key stimulus conditions in the task.

Self-report measures
Alcohol purchase task

Alcohol demand was measured with a hypothetical alcohol pur-
chase task (Murphy & MacKillop, 2006). Participants reported
the number of standard drinks they would purchase at each
price in a series of 30 escalating prices ($0.00-$40.00 per drink).
Consumption at each price is plotted to create demand curves
from which indices can be extracted. The current study examined
two observed indices: intensity (consumption with no constraint)
and O

max (Maximum expenditure). We also derived the elasticity

index alpha (the rate of change in consumption as a function of
price) using an exponentiated equation which allows for the inclu-
sion of zeros (Koffarnus et al., 2015). Greater elasticity means a
greater impact of price on consumption, thus reflecting lower al-
cohol demand. In the current study, k was held constant at 2.1, cal-
culated by subtracting the log,, transformed average consumption
at the highest price from the log,, transformed average consump-
tion at the lowest price across participants (Koffarnus et al., 2015).
Data were cleaned based on the following criteria: (1) trend (detec-
tion limit for AQ <0.025); (2) bounce (detection limit for B=0.10);
(3) reversal from zero (detection limit number for reversals=2
or more). No participants were flagged for having nonsystematic
data. Demand elasticity was derived using the beezdemand pro-
gram (Kaplan et al., 2019).
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Alcohol consumption

Typical number of drinks per week was measured with the Daily
Drinking Questionnaire (DDQ) (Collins et al., 1985). Participants re-
ported their typical alcohol consumption on each day of a typical
week in the past month. Values are summed to create a total score.

Oddball paradigm

Participants completed a visual “oddball” paradigm in which in-
frequent target stimuli (oddballs) were presented amid more fre-
quent standard stimuli (Figure 1). These stimuli were presented in
five-image sequences, with the “oddball” always occurring in the
fourth or fifth position, consistent with previous research (Martins
et al., 2019). The frequent/standard stimuli were pictures of eve-
ryday objects (evaluated by authors SFA, BDB, JGM, and JM to be
neutral in valence, low in arousal), such as a woven basket or a bar of

soap, which were copied from the internet. Participants encountered

(A)
I’ X

1200 ms

S00ms

1200 ms 2000 ms

(8)

four different categories of infrequent target stimuli: social alcohol
cues, social nonalcohol cues, nonsocial alcohol beverage cues, and
nonsocial nonalcohol appetitive cues. The social alcohol cues, which
depicted people in groups of 2-3 drinking alcohol, were taken from
the Galician Beverage Picture Set (Pronk et al., 2015), a set of color
images validated for use in alcohol cue-reactivity research. The so-
cial nonalcohol cues depicted groups of 2-3 people engaged in social
interaction but without alcohol and were matched for numbers of
people in the images with the social alcohol cues. The nonsocial alco-
hol cues depicted alcoholic beverages (i.e., beer, wine, and cocktails)
in isolation. The nonsocial nonalcoholic cues depicted food. This
category was selected instead of a nonalcoholic beverage condition
because food is an evolutionarily, salient and appetitive nonalcohol
reward that serves as a more robust comparator than nonalcoholic
beverages (Epstein et al., 2007). All infrequent stimuli were evalu-
ated by authors SFA, BDB, JGM, and JM to be positive in valence,
moderate in arousal, and to fit into the relevant categories. Each trial
consisted of a visual fixation cross presented for 500 ms, followed
by one of the five picture types presented centrally for 1200 ms.

1000 ms

FIGURE 1 Oddball paradigm. (A) In the oddball paradigm, frequent non-target stimuli were presented for 1200 ms, with an infrequent
target image interspersed in the fourth or fifth position. Interstimulus intervals varied between 500 and 1500 ms. (B) Examples for each
image category used in primary analyses: non-social alcohol (top left image), social alcohol (top right image), non-social non-alcohol (bottom
left image), and social non-alcohol (bottom right image).
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Trials were separated by an inter-trial interval that varied randomly
from 1000 to 2000 ms (500-ms increments; Bartholow et al., 2007;
Martins et al., 2019). To ensure participants actively attended to
each image and remained engaged throughout the task, participants
were instructed to categorize each image as either alcohol-related or
non-alcohol-related using a keyboard.

Images from each infrequent target category were presented a
total of 24 times each, for a total of 16% of trials per infrequent image
category, and images in the frequent target category were presented
a total of 126 times each, for a total of 86% of trials from this category.
The task was completed in four blocks (126 frequent target category
trials per block and 24 trials per each of four infrequent target cate-
gories=150 trials total per block), and participants were given a brief
break between blocks. The oddball task took 32 min (8 min per block).

Procedure

When participants arrived at the lab, they provided informed con-
sent and were then prepared for EEG recording (described below).
Participants were seated ~1m away from a computer monitor
(10.5x21.5-inch dimensions) in a private room to complete the
cue reactivity task. Participants also completed two versions of
the Doors Task, the results of which are not reported in this manu-
script. Tasks were presented in counterbalanced order. Study visits
took ~2h total. Study visits took place on any day of the week be-
tween 8a.m. and 7 p.m. All study procedures were approved by the

University of Memphis Institutional Review Board.

EEG recording and P3 scoring
Recording

The EEG was recorded continuously from 16 scalp locations (C3,
C4, CPZ, CZ, F3, F4, FC3, FC4, FCZ, FZ, P3, P4, POZ, PZ, M1, M2
[online reference], and AFZ [ground]) using tin electrodes in an
electrode cap (Electro-Cap International, Eaton, OH, USA) based
on the standard 10-20 system (American Encephalographic
Society, 1991). Scalp electrodes were referenced online to the
right mastoid (M2), with a forehead ground. Additional electrodes
were placed above and below the left eye to record vertical eye
movements. Electrode impedances was kept below 10kQ. The
EEG signal (recording bandwidth: 0.005-0.100Hz) was ampli-
fied with a Biopac EEG100C unit at 10,000x and collected at a
sampling rate of 500Hz using AcgKnowledge software (Biopac
Systems, Inc., Goleta, CA, USA).

Processing and ERP derivation

EEG data processing was done offline in Matlab version 2022b
(The MathWorks Inc., Natick, MA, USA) using the packages

[&s feian)
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EEGLAB (Delorme & Makeig, 2004) and ERPLAB (Lopez-Calderon
& Luck, 2014). First, data were re-referenced to an average of the
two mastoids. Then, data were downsampled to 256 Hz and fil-
tered using a 0.1- to 30-Hz band-pass (second order Butterworth).
The CleanLine plug-in for EEGLAB was used to identify bad chan-
nels (i.e., excessively noisy electrodes, e.g., due to poor contact
with scalp) and attenuate line noise (Mullens, 2012). Ocular arti-
facts, such as blinks and eye movements, were then removed from
the EEG using an independent components analysis procedure
(Iriarte et al., 2003) (M +SD artifactual independent components
removed: 1.67 +0.81 per person, Median=2, Min=1, Max=5).
After interpolation of previously identified bad channels using
the spherical spline method in EEGLAB (0.28 + 0.60 interpolated
per person, Median=0, Min=0, Max=2), the ocular artifact-
corrected continuous EEG data were segmented into stimulus-
locked epochs from -200 to 1200 ms and averaged separately for
each participant, electrode channel, and stimulus condition. Trials
from incorrectly categorized stimuli were not included in the
analyses. Epochs were baseline corrected using the mean volt-
age across the 200-ms period before stimulus onset. Finally, trials
containing voltage fluctuations exceeding +3 SD from a person's
mean voltage for a given electrode were rejected (M +SD trials re-
jected: 16.57 + 1.84% of all valid epochs per electrode per person;
see Table S2 for accepted [artifact-free] trial counts per stimulus
condition per electrode per person).

Previous work on visual alcohol oddball tasks has shown that
the P3 component of the ERP is evident from ~300 to 800 ms after
stimulus onset, and is maximal over parietal and occipital scalp lo-
cations (Bartholow et al., 2007; Martins et al., 2019). Inspection of
the electrode-level grand average ERP waveforms (see Figure S1)
confirmed that in the current study, the P3 was maximal at parietal
electrodes (P3, PZ, P4, POz). Inspection of the grand average ERP
waveform averaged across parietal electrodes (see Figure 2) indi-
cated that in the current study the bulk of the P3 component oc-
curred from 300 to 600ms after stimulus onset. P3 peak latency did
not differ among the four oddball stimulus conditions nor among the
four parietal electrodes (see Table S4). Thus, P3 component ampli-
tude was quantified as the mean voltage during this time-window at
each parietal electrode for each stimulus condition. Table S3 shows
the standardized measurement error (Luck et al., 2021) and internal
consistency reliability of the P3 scores by stimulus condition aggre-
gated across parietal electrodes.

Data analysis

First, data distributions were checked for normality. Outliers were
defined as values greater than four SD from the mean. Skewness
and kurtosis values between -2 and 2 were considered to indicate a
normal distribution (Trochim & Donnelly, 2006). Next, we examined
descriptive statistics and correlations among self-report data. The
first hypothesis was tested using a 2 (alcohol cue: nonalcohol=0, al-
cohol=1)x 2 (social cue: nonsocial=0, social=1) factorial multilevel
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(A) FIGURE 2 Event-related potential

12 1 . (ERP) grand average waveforms for
: . Non-Social Alcohol different trial types in the oddball. (A)
104 1 . Social Alcohol Differently coIor.ed ribbons show ERP
1 waveforms by trial type aggregated across
81 | - -« Social Non-Alcohol artifact-free trials for 81 persons and
| for electrodes per person across which
; 61 I . Non-Social Non-Alcohol the P3 response was maximal (P3, PZ,
= | P4, and POZ). The line at the center of
% 44 | ! Neutral each ribbon shows the M across people.
3 | The boundaries of each ribbon show the
'ﬁ_ 21 | SD across people. ERPs were baseline
E L ! corrected using the 200-ms period before
< of image onset, which occurred at Oms.
Neutral images (e.g., box of tissues, fan)
-2 ' were frequent (84% out of 600 total
: trials) whereas other image categories
-4 1 : were infrequent (16% each out of 600
8 1 total trials). P3 responses were quantified
200 : 0 2(‘)0 4 4(')0 > 660 : 860 > 10'00 : 12'00 as the mean amplitfjde betwee.n 300
Time (ms) and 600 ms post-stimulus relative to the

mean amplitude across the pre-stimulus
baseline window (-200 to Oms). The
quantification window is depicted by the

®) 10 -

:!: Nonsocial gray rectangle in the plot. Data represent
. Social N =81 persons. (B) Least squares means
and standard error of P3 amplitudes for
—~ each condition in the oddball paradigm
> controlling for race, sex, and student
3 status.
Q
o
=
=
g
<
Alcohol Nonalcohol
model with random intercepts specified for participants and elec- RESULTS
trodes within participants. We also attempted models including
random slopes for the primary oddball (social and alcohol) task ef- Sample characteristics and drinking/behavioral economic means
fects. However, the Hessian matrix was nonpositive definite in these and standard deviations can be found in Table 1. Least square means
models, and ultimately the random slopes were excluded. Next, we of each condition can be found in Figure 2B.
included typical number of drinks per week as a moderator. In other
words, typical drinks per week was included as an individual predictor, Hypothesis 1. All results modeling P3 amplitude out-
along with all possible interactions with alcohol cues and social cues. comes can be found in Table 2, with each additional
Next, we tested separate models in which the P3 amplitudes moderator included in separate models. Covariate ef-
were regressed onto the relevant behavioral indicator in the pres- fects can be found under Model 1, the baseline model
ence of the following control variables: sex (0=Female, 1=Male), establishing the effects of social and alcohol cues.
race (O=non-White, 1=White), student status (O=non-student, Neither race, sex assigned at birth nor student status
1=At least part-time), and age. All task-related effects were dummy was associated with P3 amplitude in any model. All
coded, whereas all dichotomous covariates were effect coded; con- covariates were included in all models, but their sta-

tinuous predictors were mean centered. tistics are only reported for Model 1.
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indices on P3.
Estimate STES
Model 1: Effects of cue type
Intercept 5.12 1.08
Race 0.51 0.91
Sex 0.43 0.89
Student -1.35 1.02
Social (Reference =non-social) 0.88 0.23
Alcohol (Ref.=non-alcohol) 2.27 0.23
Social x Alcohol -1.77 0.33
Model 2: Moderation by typical drinks per week
Drinks per Week 0.10 0.07
Drinks per Week x Social 0.04 0.03
Drinks per Week x Alcohol 0.08 0.03
Drinks per Week x Social x Alcohol -0.03 0.05
Model 3: Moderation by APT-intensity
Intensity 0.19 0.17
Intensity x Social -0.10 1.03
Intensity x Alcohol 0.06 0.09
Intensity x Social x Alcohol 0.08 0.12
Model 4: Moderation by APT-O,_
O,ax 0.01 0.03
Oax X Social 0.02 0.01
O,,.xXAlcohol 0.01 0.01
O a5 X Social x Alcohol -0.03 0.02
Model 5: Moderation by APT-elasticity
Elasticity -66.86 55.97
Elasticity x Social -46.70 28.52
Elasticity x Alcohol -70.90 28.52
Elasticity x Social x Alcohol 22.81 40.32

5 @

TABLE 2 Estimates of the effects of social and alcohol cues and their interactions with typical drinks per week and alcohol demand

CLINICAL & EXPERIMENTAL RESEARCH

df t-value p-value
79.6 4.74 <0.001
76.9 0.56 0.58
76.9 0.49 0.63
76.9 -1.32 0.19
965 3.76 <0.001
965 9.73 <0.001
966 -5.36 <0.001
92.8 1.60 0.11
962 1.19 0.24
962 2.36 0.02
962 -0.60 0.55
92.8 1.13 0.26
75.9 -1.16 0.25
962 0.73 0.47
962 0.66 0.51
92.5 0.50 0.62
962 191 0.06
962 1.14 0.25
962 -1.46 0.14
93 -1.19 0.24
962 -1.64 0.10
962 -2.49 0.01
962 0.57 0.57

Note: All estimates are unstandardized. Covariate effects are included in all models, but are only reported in Model 1, the baseline model establishing
the effect of social stimuli and alcohol cues on the P3 amplitude. df are estimated degrees of freedom from the mixed effects procedures in SAS.

Abbreviations: APT, alcohol purchase task; df, degrees of freedom; S.E. standard error.

In Model 1, main effects demonstrated that both social (rela-
tive to nonsocial) and alcohol (relative to nonalcohol) images elicited
larger P3 amplitudes (Table 2). There was also a significant interaction
between alcohol and social image content on P3 amplitude. Within
alcohol images, those excluding people (M=7.18, SE=0.54) elicited
greater P3 amplitude relative to those including people (M=6.29,
SE=0.54; Est.=-0.89, df =967, t=-3.83, p <0.001); however, within
nonalcohol images the effect was reversed, such that images with
people (M=5.79, SE=0.54) elicited greater P3 amplitudes than those
without people (M=4.91, SE=0.54; Est.=0.88, df=965, t=3.76,
p<0.001).

Hypothesis 2. Model 2 indicated significant mod-
eration of alcohol content by typical number of
drinks per week. As shown in Figure 3A, there was

no effect of drinks/week on P3 to non-alcohol images
(b=0.12 [SE=0.06¢], df=81.34, t=1.96, p=0.053);
however, P3 response to alcohol images increased as
the number of typical drinks per week rose (b=0.19
[SE=0.06], df=81.34, t=2.98, p=0.004). These two
slopes differed significantly (b=0.06 [SE=0.02],
df=961.7,t=-2.74, p=0.006).

In Model 3 and Model 4, there were no significant moderation
effects involving the behavioral economic index of intensity or O ..
Model 5 showed a significant interaction between alcohol content and
the behavioral economic index of elasticity (Figure 3B). There was no
effect of elasticity on P3 to non-alcohol images (b=-90.21 [SE=54.12],
df=81.39, t=-1.67, p=0.10); however, consistent with hypotheses, P3
to alcohol images increased as demand became less elastic (b=-149.70
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FIGURE 3 Significant interaction effects between typical drinks per week, O .., and elasticity with oddball task conditions. lllustrations
of predicted means +95% confidence intervals of significant interactions between dependent variables and P3 variables predicted M+ 95CI.
Across all figures, the x-axis represents a continuous dependent variable; the y-axis represents P3 reactivity. All dependent variables

are mean centered. (A) There was no association between typical drinks per week and P3 reactivity for non-alcohol images; however,

P3 reactivity to alcohol images significantly increased as the number of typical drinks per week rose. There was a significant difference

in slopes for alcohol compared to non-alcohol images. (B) There was no effect of typical drinks per week on P3 reactivity for non-social
images; however, P3 reactivity to social images increased as the number of typical drinks per week rose. The slopes for the effect of typical
drinks per week on the P3 for social and non-social images were not significantly different. (C) Both slopes were nonsignificant for O__

on P3 reactivity for both non-social images and social images. The slopes for the effect of O on the P3 for social and non-social images
were, however, significantly different. (D) There was no effect of elasticity on P3 reactivity for non-alcohol images; however, P3 reactivity
to alcohol images increased as demand became more inelastic. The slopes for the effect of elasticity on the P3 for alcohol and non-alcohol
images were not significantly different. (E) There was no effect of elasticity on P3 reactivity for non-social images; however, P3 reactivity
to social images increased as the demand became less elastic. The slopes for the effect of typical number of drinks per week on the P3 for

social and non-social images were not significantly different.

[SE=54.12], df=81.36, t=-2.77, p=0.007). These slopes were signifi-
cantly different from one another (b=59.49 [SE=20.16], df=962.3,
t=2.95, p=0.003). There was no significant interaction between the
behavioral economic index of elasticity and social cue.

DISCUSSION

The present study connected electrophysiological and behavioral
economic indicators of alcohol-related reward, and moderation by
social cues, among young adults reporting recent heavy drinking.
Unsurprisingly, given the heavy-drinking, young adult sample, we
observed larger P3 amplitudes to alcohol than nonalcohol beverage
cues, and to social relative to nonsocial context cues. Moreover, we
observed an interaction between the two cue conditions. However,
the form of this interaction was unexpected. Within alcohol condi-
tions, P3 amplitude was greater when alcohol was presented alone
compared to with people; however, within nonalcohol images, the
effect was reversed such that images with people elicited greater P3
amplitudes than those without. Since most heavy drinking occurs in
social contexts (Acuff et al., 2021), we expected the combination of
alcohol and social content to produce a super-additive effect on P3
amplitude. Yet, the pattern observed here is consistent with a study
conducted by Martins et al. (2019). Although the Martins study did
find a main effect of the image category such that alcohol images in
social settings elicited greater P3 relative to those devoid of social
context, the authors could not test the full interaction with nonalco-
hol social images, and the main effect were moderated by sensitivity

to alcohol such that those with higher sensitivity to alcohol had
higher P3 for alcohol alone images relative to those in a social con-
text. Considered together, the findings from these two studies may
indicate that, among heavy-drinking young adults, the presence of
people dilutes the salience of alcohol beverage cues. Social connec-
tion is a robust, evolutionarily engrained reinforcer (Ellis et al., 2012)
that theoretically should evoke greater motivated attention than al-
cohol. It could be that the social and drug-related components of
these complex cues compete for attention. Prior research (Watter
et al., 2001) has shown that as attentional demands for specific stim-
uli increase, P3 amplitude decreases. However, additional research
is needed to directly evaluate such an account.

Consistent with previous research (Bartholow et al., 2007; Begleiter
et al., 1984; Petit et al., 2014), typical number of drinks per week was
associated with greater P3 reactivity for alcohol cues relative to non-
alcohol stimuli. This interaction was no longer significant after using
a strict p-value cutoff to control for multiple tests. More importantly,
our study found enhanced P3 amplitudes to alcohol compared to non-
alcohol images among individuals with less elastic demand for alcohol
(i.e., less price sensitivity), whereas P3 amplitudes to alcohol and non-
alcohol cues where comparable among individuals with low alcohol
demand. Consistent with previous studies (Acuff, Amlung, et al., 2020;
MacKillop et al., 2012), these findings provide further evidence that
alcohol demand may index affective-motivational reactivity to alcohol
cues, as reflected by the P3. Demand elasticity is the primary indica-
tor in a factor known as “persistence”—the endurance of motivation to
consume alcohol across escalating constraints—whereas demand in-

tensity is thought to represent a separate factor of alcohol motivation
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known as “amplitude”—the “raw” motivation without accounting for
changes in constraints (Skidmore et al., 2014). P3 amplitudes may cor-
respond to behavioral economic motivational “persistence”, sensitive
to constraints known to influence alcohol consumption, explaining
why demand intensity was not associated with any P3 amplitudes.
Previous research has demonstrated that P3 reactivity to alcohol cues
is sensitive to important contextual manipulations, such as symbols of
status (i.e., university logos) included in images of alcohol (Bartholow
et al., 2018). Future research may consider exploring university-related
effects on motivational elasticity to further validate the P3 as an elec-
trophysiological index of motivational “persistence.”

The contributions of the present study must be understood in
the context of its limitations. First, as in most cue-reactivity research,
the visual cues in this study were static, 2-dimensional photographs
devoid of actual social or drinking contexts. Studies using wireless
(mobile) EEG technology in combination with simulated or real drink-
ing environments may better capture neural reactivity to alcohol
cues experienced by drinkers in both social and solitary conditions.
Second, the sample was not large or diverse enough to permit exam-
ination of individual difference factors (race, sex assigned at birth) or
differences across visual stimuli that may influence the P3 amplitude,
such as whether strangers or friends are depicted. Third, the cur-
rent study explored associations of interest in a sample of emerging
adults in the Southern United States. Future studies should replicate
these associations in other samples to increase generalizability.

More research is necessary to confirm and extend these findings.
However, the P3 may serve as a biomarker that could be targeted
through novel interventions to reduce the motivational salience of
alcohol. P3 reactivity may also serve as a useful indicator of pharma-
cotherapy response. No research to our knowledge has compared
alcohol P3 reactivity in the context of a clinical trial for pharmaco-
therapeutics being evaluated as a treatment for alcohol use disorder.
The P3 may serve as a marker sensitive to context, which could help
determine in early-stage clinical trials how the drug may react in other
contexts. More research is needed to test these future directions.

CONCLUSION

With the current study, we connect behavioral indices of alcohol
reward and temporally bound decision-making with electrophysi-
ological indices of reward valuation and motivation. Our findings
bolster construct evidence for alcohol demand and alcohol cue P3 as
indices capturing motivational or reward value and suggest a brain-
behavior connection capturing an important mechanism for alcohol
use across units of analysis. The findings also provide preliminary
support for the idea that P3 amplitude may be impacted by social
content other than alcohol, which may more closely resemble real-

world decision-making contexts.

FUNDING INFORMATION
This work was supported by grants from the National Institute on
Alcohol Abuse and Alcoholism (NIAAA; RO1 AA024930-01, Co-Pls:

[&s feian)
CLINICAL & EXPERIMENTAL RESEARCH

JGM & JM; R21 AA027679, Pl: JGM; F31 AA027140, Pl: SFA). NIAAA
grants also enabled RUC (K99 AA029169) and BDB (RO1 AA025451)
to contribute to this project. JM was supported by the Peter Boris
Chair in Addictions Research and a Tier 1 Canada Research Chair
(CRC-2021-00170). JM is a principal in BEAM Diagnostics, Inc., and
has consulted to Clairvoyant Therapeutics, Inc. SFA, JGM, BDB, and
JM conceived the idea and acquired funding. SFA, AV, and AD col-
lected the data. BDB and JJS provided supervision of EEG data col-
lection methodology. RUC and SFA analyzed the data. SFA wrote
the first draft, and all of the authors contributed significant edits and
comments to enhance the clarity and accuracy of the manuscript.

CONFLICT OF INTEREST STATEMENT

The other authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from
the corresponding author upon reasonable request.

ORCID

Samuel F. Acuff "= https://orcid.org/0000-0002-1934-2639
Roberto U. Cofresi " https://orcid.org/0000-0003-1131-6142
Austin Varner "= https://orcid.org/0009-0002-1862-9459
Ashley A. Dennhardt "= https://orcid.org/0000-0001-6332-6575
Jeffrey J. Sable "= https://orcid.org/0000-0002-2378-5213
Bruce D. Bartholow "= https://orcid.org/0000-0002-9234-6417
https://orcid.org/0000-0002-8695-1071
https://orcid.org/0000-0001-9378-8754

James MacKillop
James G. Murphy

REFERENCES

Acuff, S.F., Amlung, M.T., Dennhardt, A.A., MacKillop, J. & Murphy, J.G.
(2020) Experimental manipulations of behavioral economic de-
mand for addictive commodities: a meta-analysis. Addiction, 115(5),
817-831. Available from: https://doi.org/10.1111/add.14865

Acuff, S.F., Belisario, K., Dennhardt, A.A., Amlung, M., Tucker, J.A.,
MacKillop, J. & Murphy, J.G. (2023) Applying behavioral economics
to understand changes in alcohol outcomes during the transition to
adulthood: longitudinal relations and differences by sex and race.
Psychology of Addictive Behaviors, 38(4), 424-436. Available from:
https://doi.org/10.1037/adb0000943

Acuff, S.F., MacKillop, J. & Murphy, J.G. (2020) Integrating behavioral
economic and social network influences in understanding alcohol
misuse among emerging adults. Alcoholism, Clinical and Experimental
Research, 44, 1444-1455. Available from: https://doi.org/10.1111/
acer.14351

Acuff, S.F. & Murphy, J.G. (2017) Further examination of the temporal
stability of alcohol demand. Behavioural Processes, 141(Part 1), 33-
41. Available from: https://doi.org/10.1016/j.beproc.2017.03.020

Acuff, S.F., Soltis, K.E. & Murphy, J.G. (2020) Using demand curves to
quantify the reinforcing value of social and solitary drinking.
Alcoholism, Clinical and Experimental Research, 44(7), 1497-1507.
Available from: https://doi.org/10.1111/acer.14382

Acuff, S.F., Stoops, W.W. & Strickland, J.C. (2021) Behavioral econom-
ics and the aggregate versus proximal impact of sociality on heavy
drinking. Drug and Alcohol Dependence, 220, 108523.

American Encephalographic Society. (1991) Guidelines for standard elec-
trode position nomenclature. Journal of Clinical Neurophysiology,
8(2), 200-222.


https://orcid.org/0000-0002-1934-2639
https://orcid.org/0000-0002-1934-2639
https://orcid.org/0000-0003-1131-6142
https://orcid.org/0000-0003-1131-6142
https://orcid.org/0009-0002-1862-9459
https://orcid.org/0009-0002-1862-9459
https://orcid.org/0000-0001-6332-6575
https://orcid.org/0000-0001-6332-6575
https://orcid.org/0000-0002-2378-5213
https://orcid.org/0000-0002-2378-5213
https://orcid.org/0000-0002-9234-6417
https://orcid.org/0000-0002-9234-6417
https://orcid.org/0000-0002-8695-1071
https://orcid.org/0000-0002-8695-1071
https://orcid.org/0000-0001-9378-8754
https://orcid.org/0000-0001-9378-8754
https://doi.org/10.1111/add.14865
https://doi.org/10.1037/adb0000943
https://doi.org/10.1111/acer.14351
https://doi.org/10.1111/acer.14351
https://doi.org/10.1016/j.beproc.2017.03.020
https://doi.org/10.1111/acer.14382

ALCOHOL

ACUFF ET AL.

Iy i

Amlung, M.T. & MacKillop, J. (2015) Further evidence of close correspon-
dence for alcohol demand decision making for hypothetical and in-
centivized rewards. Behavioural Processes, 113, 187-191. Available
from: https://doi.org/10.1016/j.beproc.2015.02.012

Aston, E.R., Berey, B.L., Boyle, H.K., Riordan, B. & Merrill, J.E. (2021)
Associations between alcohol demand and both the experience and
subjective evaluation of positive and negative alcohol-related con-
sequences. Alcoholism: Clinical and Experimental Research, 45(11),
2357-2369. Available from: https://doi.org/10.1111/acer.14720

Bartholow, B.D., Henry, E.A. & Lust, S.A. (2007) Effects of alcohol sen-
sitivity on P3 event-related potential reactivity to alcohol cues.
Psychology of Addictive Behaviors, 21(4), 555-563. Available from:
https://doi.org/10.1037/0893-164X.21.4.555

Bartholow, B.D., Loersch, C., Ito, T.A., Levsen, M.P., Volpert-Esmond,
H.l., Fleming, K.A. et al. (2018) University-affiliated alcohol market-
ing enhances the incentive salience of alcohol cues. Psychological
Science, 29(1), 83-94. Available from: https://doi.org/10.1177/
0956797617731367

Bartholow, B.D., Lust, S.A. & Tragesser, S.L. (2010) Specificity of P3
event-related potential reactivity to alcohol cues in individuals low
in alcohol sensitivity. Psychology of Addictive Behaviors, 24(2), 220-
228. Available from: https://doi.org/10.1037/a0017705.Specificity

Begleiter, H., Porjesz, B., Bihari, B. & Kissin, B. (1984) Event-related
brain potentials in boys at risk for alcoholism. Science, 225(4669),
1493-1496.

Begleiter, H., Porjesz, B., Chou, C.L. & Aunon, J.I. (1983) P3 and stimulus
incentive value. Psychophysiology, 20(1), 95-101. Available from:
https://doi.org/10.1111/j.1469-8986.1983.tb00909.x

Brown, S.A., Goldman, M.S., Inn, A. & Anderson, L.R. (1980)
Expectations of reinforcement from alcohol: their domain and
relation to drinking patterns. Journal of Consulting and Clinical
Psychology, 48(4), 419-426. Available from: https://doi.org/10.
1037/0022-006X.48.4.419

Campbell, D.T. & Fiske, D.W. (1959) Convergent and discriminant vali-
dation by the multitrait-multimethod matrix. Psychological Bulletin,
56(2), 81-105. Available from: https://doi.org/10.1037/h0046016

Chen, C.M,, Dufour, M.C. & Yi, H. (2004) Alcohol consumption among
young adults ages 18-24 in the United States: results from the
2001-2002 NESARC survey. Alcohol Research & Health, 28(4),
269-280.

Cofresi, R.U., Piasecki, T.M., Hajcak, G. & Bartholow, B.D. (2022) Internal
consistency and test-retest reliability of the P3 event-related po-
tential (ERP) elicited by alcoholic and non-alcoholic beverage pic-
tures. Psychophysiology, 59(2), e13967.

Collins, R.L., Parks, G.A. & Marlatt, G.A. (1985) Social determinants of
alcohol consumption: the effects of social interaction and model
status on the self-administration of alcohol. Journal of Consulting
and Clinical Psychology, 53(2), 189-200. Available from: https://doi.
org/10.1037/0022-006X.53.2.189

Delorme, A. & Makeig, S. (2004) EEGLAB: an open source toolbox for
analysis of single-trial EEG dynamics including independent com-
ponent analysis. Journal of Neuroscience Methods, 134(1), 9-21.
Available from: https://doi.org/10.1016/j.jneumeth.2003.10.009

Ellis, B.J., Del Giudice, M., Dishion, T.J., Figueredo, A.J.,, Gray, P,
Griskevicius, V. et al. (2012) The evolutionary basis of risky ado-
lescent behavior: implications for science, policy, and practice.
Developmental Psychology, 48(3), 598-623. Available from: https://
doi.org/10.1037/a0026220

Epstein, L.H., Leddy, J.J., Temple, J.L. & Faith, M.S. (2007) Food rein-
forcement and eating: a multilevel analysis. Psychological Bulletin,
133(5), 884-906. Available from: https://doi.org/10.1037/0033-
2909.133.5.884

Fairbairn, C.E. (2017) Drinking among strangers: a meta-analysis ex-
amining familiarity as a moderator of alcohol's rewarding effects.
Psychology of Addictive Behaviors, 31(3), 255-264. Available from:
https://doi.org/10.1037/adb0000264

CLINICAL & EXPERIMENTAL RESEARCH

Franken, I.H.A., van Strien, J.W., Bocanegra, B.R. & Huijding, J. (2011) The
p3 event-related potential as an index of motivational relevance: a
conditioning experiment. Journal of Psychophysiology, 25(1), 32-39.
Available from: https://doi.org/10.1027/0269-8803/a000030

Gaume, J., Murphy, J.G., Studer, J., Daeppen, J.B., Gmel, G. & Bertholet, N.
(2022) Behavioral economics indices predict alcohol use and conse-
quences in young men at 4-year follow-up. Addiction, 117,2816-2825.

Hajcak, G. & Foti, D. (2020) Significance?... Significance! Empirical, meth-
odological, and theoretical connections between the late positive
potential and P300 as neural responses to stimulus significance: an
integrative review. Psychophysiology, 57(7), €13570. Available from:
https://doi.org/10.1111/psyp.13570

Herrmann, M.J., Weijers, H.G., Wiesbeck, G.A., Boning, J. & Fallgatter,
A.J. (2001) Alcohol cue-reactivity in heavy and light social drink-
ers as revealed by event-related potentials. Alcohol and Alcoholism,
36(6), 588-593. Available from: https://doi.org/10.1093/alcalc/
36.6.588

Hingson, RW., Zha, W. & Smyth, D. (2017) Magnitude and trends in
heavy episodic drinking, alcohol-impaired driving, and alcohol-
related mortality and overdose hospitalizations among emerging
adults of college ages 18-24 in the United States, 1998-2014.
Journal of Studies on Alcohol and Drugs, 78, 540-548.

Hursh, S.R. (1980) Economic concepts for the analysis of behavior.
Journal of the Experimental Analysis of Behavior, 34(2), 219-238.
Available from: https://doi.org/10.1901/jeab.1980.34-219

Iriarte, J., Urrestarazu, E., Valencia, M., Alegre, M., Malanda, A., Viteri,
C. et al. (2003) Independent component analysis as a tool to
eliminate artifacts in EEG: a quantitative study. Journal of Clinical
Neurophysiology, 20(4), 249-257. Available from: https://doi.org/10.
1097/00004691-200307000-00004

Jennison, K.M. (2004) The short-term effects and unintended long-term
consequences of binge drinking in college: a 10-year follow-up
study. American Journal of Drug and Alcohol Abuse, 30(3), 659-684.

Kaplan, B.A., Gilroy, S.P., Reed, D.D., Koffarnus, M.N. & Hursh, S.R.
(2019) The R package beezdemand: behavioral economic easy de-
mand. Perspectives on Behavior Science, 42(1), 163-180. Available
from: https://doi.org/10.1007/s40614-018-00187-7

Koffarnus, M.N., Franck, C.T., Stein, J. & Bickel, W.K. (2015) A modified
exponential behavioral economic demand model to better describe
consumption data. Experimental and Clinical Psychopharmacology,
23(6), 504-512. Available from: https://doi.org/10.1161/CIRCR
ESAHA.116.303790.The

Lemley, S.M., Kaplan, B.A., Reed, D.D., Darden, A.C. & Jarmolowicz, D.P.
(2016) Reinforcer pathologies: predicting alcohol related problems
in college drinking men and women. Drug and Alcohol Dependence,
167, 57-66. Available from: https://doi.org/10.1016/j.drugalcdep.
2016.07.025

Lopez-Calderon, J. & Luck, S.J. (2014) ERPLAB: An open-source tool-
box for the analysis of event-related potentials. Frontiers in Human
Neuroscience, 8, 1-14. Available from: https://doi.org/10.3389/
fnhum.2014.00213

Luck, S.J. (2005) An introduction to event-related potentials and their
neural origins. In: An introduction to the Event-Related Potential
Technique (Second). Cambridge, MA: The MIT Press.

Luck, S.J., Stewart, A.X., Simmons, A.M. & Rhemtulla, M. (2021)
Standardized measurement error: a universal metric of data qual-
ity for averaged event-related potentials. Psychophysiology, 58(6),
1-16. Available from: https://doi.org/10.1111/psyp.13793

MacKillop, J., Brown, C.L., Stojek, M.K., Murphy, C.M., Sweet, L.H. &
Niaura, R.S. (2012) Behavioral economic analysis of withdraw-
al- and cue-elicited craving for tobacco: An initial investigation.
Nicotine and Tobacco Research, 14(12), 1426-1434. Available from:
https://doi.org/10.1093/ntr/nts006

MacKillop, J., Gray, J.C., Bidwell, L.C., Bickel, W.K., Sheffer, C. &
McGeary, J.E. (2015) Genetic influences on delay discounting in
smokers: examination of a prioir candidates and exploration of


https://doi.org/10.1016/j.beproc.2015.02.012
https://doi.org/10.1111/acer.14720
https://doi.org/10.1037/0893-164X.21.4.555
https://doi.org/10.1177/0956797617731367
https://doi.org/10.1177/0956797617731367
https://doi.org/10.1037/a0017705.Specificity
https://doi.org/10.1111/j.1469-8986.1983.tb00909.x
https://doi.org/10.1037/0022-006X.48.4.419
https://doi.org/10.1037/0022-006X.48.4.419
https://doi.org/10.1037/h0046016
https://doi.org/10.1037/0022-006X.53.2.189
https://doi.org/10.1037/0022-006X.53.2.189
https://doi.org/10.1016/j.jneumeth.2003.10.009
https://doi.org/10.1037/a0026220
https://doi.org/10.1037/a0026220
https://doi.org/10.1037/0033-2909.133.5.884
https://doi.org/10.1037/0033-2909.133.5.884
https://doi.org/10.1037/adb0000264
https://doi.org/10.1027/0269-8803/a000030
https://doi.org/10.1111/psyp.13570
https://doi.org/10.1093/alcalc/36.6.588
https://doi.org/10.1093/alcalc/36.6.588
https://doi.org/10.1901/jeab.1980.34-219
https://doi.org/10.1097/00004691-200307000-00004
https://doi.org/10.1097/00004691-200307000-00004
https://doi.org/10.1007/s40614-018-00187-7
https://doi.org/10.1161/CIRCRESAHA.116.303790.The
https://doi.org/10.1161/CIRCRESAHA.116.303790.The
https://doi.org/10.1016/j.drugalcdep.2016.07.025
https://doi.org/10.1016/j.drugalcdep.2016.07.025
https://doi.org/10.3389/fnhum.2014.00213
https://doi.org/10.3389/fnhum.2014.00213
https://doi.org/10.1111/psyp.13793
https://doi.org/10.1093/ntr/nts006

ALC-P3 AND BEHAVIORAL ECONOMICS

ALCOHOL

dopamine-related haplotypes. Psychopharmacology, 232(20), 3731-
3739. Available from: https://doi.org/10.1016/j.cogdev.2010.08.
003.Personal

Martinez-Loredo, V., Gonzalez-Roz, A., Secades-Villa, R., Fernandez-
Hermida, J.R. & MacKillop, J. (2021) Concurrent validity of the
alcohol purchase task for measuring the reinforcing efficacy of al-
cohol: an updated systematic review and meta-analysis. Addiction,
116(10), 2635-2650. Available from: https://doi.org/10.1111/add.
15379

Martins, J.S., Bartholow, B.D., Cooper, M.L,, Irvin, K. & Piasecki, T.M.
(2019) Interactive effects of naturalistic drinking context and al-
cohol sensitivity on neural alcohol cue-reactivity responses.
Alcoholism, Clinical and Experimental Research, 43, 1777-1789.
Available from: https://doi.org/10.1111/acer.14134

Mullens, T. (2012) CleanLine. Neurolmaging Tools & Resources
Collaboratory.

Murphy, J.G. & MacKillop, J. (2006) Relative reinforcing efficacy of al-
cohol among college student drinkers. Experimental and Clinical
Psychopharmacology, 14(2), 219-227. Available from: https://doi.
org/10.1037/1064-1297.14.2.219

Namkoong, K., Lee, E., Lee, C.H., Lee, B.O. & An, S.K. (2004) Increased
P3 amplitudes induced by alcohol-related pictures in patients with
alcohol dependence. Alcoholism, Clinical and Experimental Research,
28(9), 1317-1323. Available from: https://doi.org/10.1097/01.ALC.
0000139828.78099.69

Neighbors, C., Ph, D., Connor, R.M.O., Lewis, M.A., Lee, C.M. & Fossos,
N. (2008) The relative impact of injunctive norms on college stu-
dent drinking: the role of reference group. Psychology of Addictive
Behaviors, 22(4), 576-581. Available from: https://doi.org/10.1037/
a0013043.The

Owens, M.M,, Gray, J.C., Amlung, M.T., Oshri, A., Sweet, L.H. & MacK:illop,
J.(2017) Neuroanatomical foundations of delayed reward discount-
ing decision making. Neurolmage, 161, 261-270. Available from:
https://doi.org/10.1016/j.neuroimage.2017.08.045

Petit, G., Cimochowska, A., Cevallos, C., Cheron, G., Kornreich, C.,,
Hanak, C. et al. (2015) Reduced processing of alcohol cues pre-
dicts abstinence in recently detoxified alcoholic patients in a
three-month follow up period: An ERP study. Behavioural Brain
Research, 282, 84-94. Available from: https://doi.org/10.1016/j.
bbr.2014.12.057

Petit, G., Kornreich, C., Dan, B., Verbanck, P. & Campanella, S. (2014)
Electrophysiological correlates of alcohol- and non-alcohol-related
stimuli processing in binge drinkers: a follow-up study. Journal of
Psychopharmacology, 28(11), 1041-1052. Available from: https://
doi.org/10.1177/0269881114545663

Petry, N.M. & Bickel, W.K. (1998) Can simulations studies substitute for
reality? Addiction, 93(4), 605.

Pfabigan, D.M., Seidel, E.M., Sladky, R., Hahn, A., Paul, K., Grahl, A.
et al. (2014) P300 amplitude variation is related to ventral striatum
BOLD response during gain and loss anticipation: an EEG and fMRI
experiment. Neurolmage, 96, 12-21. Available from: https://doi.
org/10.1016/j.neuroimage.2014.03.077

Pronk, T., van Deursen, D.S., Beraha, E.M., Larsen, H. & Wiers, RW.
(2015) Validation of the Amsterdam beverage picture set: a

[s sens

controlled picture set for cognitive bias measurement and modi-
fication paradigms. Alcoholism: Clinical and Experimental Research,
39(10), 2047-2055. Available from: https://doi.org/10.1111/acer.
12853

Sayette, M.A., Creswell, K.G., Dimoff, J.D., Fairburn, C.E., Cohn, J.F.,
Heckman, B.W. et al. (2012) Alcohol and group formation: a mul-
timodal investigation of the effects of alcohol on emotion and so-
cial bonding. Psychological Science, 23(8), 869-878. Available from:
https://doi.org/10.1177/0956797611435134.Alcohol

Skidmore, J.R., Murphy, J.G. & Martens, M.P. (2014) Behavioral economic
measures of alcohol reward value as problem severity indicators
in college students. Experimental and Clinical Psychopharmacology,
22(3), 198-210. Available from: https://doi.org/10.1016/j.pestbp.
2011.02.012.Investigations

Squires, N.K., Squires, K.C. & Hillyard, S.A. (1975) Two varieties of long-
latency positive waves evoked by unpredictable auditory stimuli in
man. Electroencephalography and Clinical Neurophysiology, 38(4), 387-
401. Available from: https://doi.org/10.1016/0013-4694(75)90263-1

Trochim, W.K. & Donnelly, J.P. (2006) The research methods knowledge
base, Vol. lll. Cincinnatti, OH: Atomic Dog Publishing.

Watter, S., Geffen, G.M. & Geffen, L.B. (2001) The n-back as a dual-task:
P300 morphology under divided attention. Psychophysiology, 38,
998-1003.

Webber, H.E., de Dios, C., Kessler, D.A., Schmitz, J.M., Lane, S.D. &
Suchting, R. (2022) Late positive potential as a candidate bio-
marker of motivational relevance in substance use: evidence
from a meta-analysis. Neuroscience and Biobehavioral Reviews,
141, 104835. Available from: https://doi.org/10.1016/j.neubi
orev.2022.104835

Webber, H.E., Yoon, J.H., de Dios, C., Suchting, R., Dang, V., Versace,
F. et al. (2022) Assessing cocaine motivational value: compari-
son of brain reactivity bias toward cocaine cues and cocaine de-
mand. Experimental and Clinical Psychopharmacology, 31, 861-867.
Available from: https://doi.org/10.1037/pha0000622

CLINICAL & EXPERIMENTAL RESEARCH

SUPPORTING INFORMATION
Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Acuff, S.F., Cofresi, R.U., Varner, A.,
Dennhardt, A.A., Sable, J.J., Bartholow, B.D. et al. (2024)
Correspondence between the alcohol-P3 event-related
potential and alcohol reward phenotypes among young
adults. Alcohol: Clinical and Experimental Research, 00, 1-11.
Available from: https://doi.org/10.1111/acer.15377



https://doi.org/10.1016/j.cogdev.2010.08.003.Personal
https://doi.org/10.1016/j.cogdev.2010.08.003.Personal
https://doi.org/10.1111/add.15379
https://doi.org/10.1111/add.15379
https://doi.org/10.1111/acer.14134
https://doi.org/10.1037/1064-1297.14.2.219
https://doi.org/10.1037/1064-1297.14.2.219
https://doi.org/10.1097/01.ALC.0000139828.78099.69
https://doi.org/10.1097/01.ALC.0000139828.78099.69
https://doi.org/10.1037/a0013043.The
https://doi.org/10.1037/a0013043.The
https://doi.org/10.1016/j.neuroimage.2017.08.045
https://doi.org/10.1016/j.bbr.2014.12.057
https://doi.org/10.1016/j.bbr.2014.12.057
https://doi.org/10.1177/0269881114545663
https://doi.org/10.1177/0269881114545663
https://doi.org/10.1016/j.neuroimage.2014.03.077
https://doi.org/10.1016/j.neuroimage.2014.03.077
https://doi.org/10.1111/acer.12853
https://doi.org/10.1111/acer.12853
https://doi.org/10.1177/0956797611435134.Alcohol
https://doi.org/10.1016/j.pestbp.2011.02.012.Investigations
https://doi.org/10.1016/j.pestbp.2011.02.012.Investigations
https://doi.org/10.1016/0013-4694(75)90263-1
https://doi.org/10.1016/j.neubiorev.2022.104835
https://doi.org/10.1016/j.neubiorev.2022.104835
https://doi.org/10.1037/pha0000622
https://doi.org/10.1111/acer.15377
https://www.researchgate.net/publication/381153586

	Correspondence between the alcohol-­P3 event-­related potential and alcohol reward phenotypes among young adults
	Abstract
	INTRODUCTION
	Behavioral economic theory
	Neurophysiology and behavioral economics
	Current study

	METHODS
	Participants
	Self-­report measures
	Alcohol purchase task
	Alcohol consumption

	Oddball paradigm
	Procedure
	EEG recording and P3 scoring
	Recording
	Processing and ERP derivation

	Data analysis

	RESULTS
	DISCUSSION
	CONCLUSION
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


