'.) Check for updates

Received: 4 December 2024 | Accepted: 18 March 2025

DOI: 10.1111/acer.70050

RESEARCH ARTICLE

OL

DRELL
CLINICAL & EXPERIMENTAL RESEARCH [i

Assessment of contextualized reinforcement pathology in a
community sample of young adult substance users

Angel Garcia-Pérez!

| Alba Gonzalez-Roz!

| Roberto Secades-Villa! |

Gema Aonso-Diego? | Sara Weidberg! | Jin H. Yoon®

1Department of Psychology, University of
Oviedo, Oviedo, Spain

2Department of Psychology, University of
Deusto, Bilbao, Spain

3Department of Psychiatry and Behavioral
Sciences, McGovern Medical School,
Houston, Texas, USA

Correspondence

Angel Garcia-Pérez, Department of
Psychology, University of Oviedo, Plaza
Feijoo s/n, 33003, Oviedo, Spain.
Email: garciaperangel@uniovi.es

Funding information

Ministerio de Ciencia, Innovacion y
Universidades, Grant/Award Number:
JDC2022-048311-1 and MCIN/
AEI/10.13039/501100011033; Plan
Nacional sobre Drogas, Grant/Award
Number: 20201003

Abstract

Background: Alcohol, tobacco, and cannabis are the most commonly used substances
among young populations, often leading to polysubstance use, which correlates with
problematic consumption and adverse health outcomes. The contextualized reinforcer
pathology (CRP) model explains addictive behaviors through several constructs, including
the following: drug demand, delay discounting (DD), and substance-free and substance-
related reinforcement. Most previous studies have focused on a single CRP construct
and the couse of only two substances. This study aimed to characterize three subgroups
of young adults reporting past month use of alcohol only, alcohol + tobacco or cannabis,
and alcohol + tobacco + cannabis, in terms of the three constituents of the CRP model.
Methods: Young adult students (N=1487) completed CRP measures including the
Alcohol Purchase Task, the Delay Discounting Task (for monetary rewards), and an ab-
breviated version of the Adolescent Reinforcement Survey Schedule-Substance Use
Version (ARSS-SUV). ANOVA, chi-square, and Student's t-tests were conducted to
analyze group differences in terms of the CRP model.

Results: Higher demand intensity (p=0.001) and reinforcement from substance-
related activities (p<0.001) significantly predicted using alcohol + cannabis + to-
bacco compared to alcohol only use. DD and some alcohol demand indices (i.e., O ..,
P....» breakpoint and elasticity) were not associated with any substance use pattern.
Conclusions: Findings suggest that polysubstance use may enhance reward from lei-
sure and social activities. Individuals with high reinforcement from substance-related
activities or high alcohol demand should be delivered interventions promoting activi-

ties that are both reinforcing and serve as alternatives to substance use.
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INTRODUCTION 50%-60%; Tobacco: 23%-34%; Cannabis: 6%-26%) (European
Monitoring Centre for Drugs and Drug Addiction [EMCDDA], 2022;
National Drugs Plan [NDP], 2022; Substance Abuse and Mental

Health Services Administration [SAMHSA], 2023).
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Alcohol, tobacco, and cannabis are the most used substances among
young populations in both the United States and Europe (Alcohol:
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Young adulthood (18-25years) is a critical developmental pe-
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riod with the highest risk for engaging in health risk behaviors
(Mahalik et al., 2013). At this stage, several bio-psycho-social fac-
tors appear conducive to substance use initiation (e.g., family history
of substance use, enhanced reward sensitivity, sensation seeking;
Sussman & Arnett, 2014); contextual factors are particularly rele-
vant. First, there is significant independence from guardians and
changes in social roles that include, among others, the transition to
the workforce, caregiving, parenting, and identity formation (Wood
et al., 2018). Second, alcohol and other drugs are readily available
and accessible (e.g., at bars and concerts). Furthermore, substance
use (particularly alcohol and cannabis) is normative in college and so-
cially well-tolerated (Romm et al., 2022). Collectively, these factors
underscore the relevance of considering a developmental lens and
contextual risk factors. Polysubstance use, especially among young
adults, is quite frequent and is associated with a greater likelihood
of problematic consumption (Cohn et al., 2018; Romm et al., 2024;
Yurasek et al., 2017) with both worse physical (Grodin et al., 2021;
Ramo et al., 2012) and mental health outcomes (Cohn et al., 2018;
Peters et al., 2012; Ramo et al., 2012; Yurasek et al., 2017).

Behavioral economics is a theoretical framework integrating
principles from psychology and microeconomics. This approach
has, in recent years, significantly advanced our understanding
of substance use by establishing a solid theoretical and empiri-
cal foundation articulated through the contextualized reinforcer
pathology (CRP) model (Acuff et al., 2023; Bickel et al., 2014).
CRP employs three constructs to explain substance use (Acuff
et al., 2023): (1) persistently high valuation of a reinforcer (drug
demand), (2) excessive preference for immediate reinforcers de-
spite long-term negative outcomes (delay discounting; DD), and
(3) a high ratio of reinforcement derived from substance use com-
pared to other reinforcing substance-free activities and commod-
ities (alternative reinforcers).

All three constituents of the CRP model are associated with clini-
cally relevant aspects of substance use, including frequency, quantity,
and severity of use (Acuff et al., 2019; Amlung, Vedelago, et al., 2017,
Gonzalez-Roz, Jackson, et al., 2019), as well as treatment outcomes
(Acuff et al., 2019, 2024; Exum et al., 2023; Garcia-Pérez et al., 2022).
Worth noting is recent research showing environmental reward is a
risk factor for more frequent cannabis use as well as negative conse-
quences related to both alcohol and cannabis in young adults, suggest-
ing substance-free, and substance-related reinforcement could provide
useful information for selective and environmental prevention (Coelho
et al., 2024). More generally, DD, demand, and environmental reward
are malleable as shown in clinical studies (Garcia-Pérez et al., 2020;
Murphy et al., 2019). Although this research suggests that intervening
on these factors may lead to enduring reductions on substance use
(Bickel et al., 2023; Murphy et al., 2019), further studies are needed to
empirically assess whether they serve as risk factors for polysubstance
use and substance use severity, specifically among young adults.

The vast majority of prior research framed under the CRP
model has focused on users of only two substances (Amlung,
MacKillop, et al., 2017; Businelle et al., 2010; Garcia-Rodriguez

et al., 2013; Gonzalez-Roz, Postigo, et al., 2019; Jun & Fazzino, 2023;
Meshesha et al., 2015, 2018; Minhas et al., 2020; Moallem & Ray, 2012;
Naudé et al., 2021b; Ramirez et al., 2020; Yurasek et al., 2013), in-
cluding individuals with alcohol-related problems or alcohol use dis-
orders (Amlung, MacKillop, et al., 2017; Meshesha et al., 2015, 2018;
Minhas et al., 2020; Moallem & Ray, 2012; Moody et al., 2016; Nieto
etal.,, 2022; Yurasek et al., 2013). Findings show that couse of two sub-
stances correlates with decreased engagement in substance-free activ-
ities (Jun & Fazzino, 2023), decreased time spent in physical exercise or
academic endeavors (Meshesha et al., 2015, 2018), and increased de-
mand for alcohol (Amlung, MacKillop, et al., 2017; Minhas et al., 2020;
Morris et al., 2018; Ramirez et al., 2020; Yurasek et al., 2013), as well
as greater DD (Garcia-Rodriguez et al., 2013; Gonzalez-Roz, Postigo,
etal., 2019; Minhas et al., 2020; Moallem & Ray, 2012). However, find-
ings were not always consistent across studies, with studies reporting
different statistically significant alcohol demand indices as well as no
differences in substance-free reinforcement (Minhas et al., 2020) or
DD (Businelle et al., 2010). In regard to tri-use of substances, Moody
et al. (2016) investigated tobacco, alcohol, and cocaine use, including
couse. Individuals who only used tobacco exhibited lower DD com-
pared to other profiles (individually or in combination). Only two stud-
ies have characterized young adults who use alcohol, tobacco, and
cannabis using the CRP model. Naudé et al. (2022) identified higher
rates of DD among users of tobacco + alcohol and tobacco + cannabis
compared to those who used alcohol and cannabis alone respectively,
with no differences in DD observed between tobacco alone and those
also using alcohol or cannabis. Nieto et al. (2022) showed that only
alcohol users exhibited lower rates of DD compared to alcohol + can-
nabis and alcohol + cannabis + tobacco users.

In sum, this body of research highlights the complex interplay
between polysubstance use patterns and reinforcer pathology, un-
derlining the necessity for further exploration to fully elucidate the
implications of these findings. All studies examining polysubstance
use involving three or more drugs typically used a single behavioral
economic measure. To our knowledge, none have provided a thor-
ough characterization of polysubstance use involving all three CRP
model variables (i.e., DD, drug demand and reinforcement ratio).
Moreover, the vast majority of reinforcer pathology studies exam-
ining polysubstance use have examined only two substances (ei-
ther alcohol, cannabis, or tobacco), with only a few examining more
complex patterns of polysubstance use (exc. Moody et al., 2016;
Naudé et al., 2022; Nieto et al., 2022). Additionally, a high degree
of heterogeneity in study results has been observed, particularly
for DD, which may be attributed to different DD task paradigms
(e.g., Monetary Choice Questionnaires or adjusting choice tasks)
(Amlung, MacKillop, et al., 2017; Businelle et al., 2010; Garcia-
Rodriguez et al., 2013; Minhas et al., 2020; Naudé et al., 2021b; Nieto
etal., 2022) as well as the comparison of different samples within the
same study (e.g., general population vs. clinical samples) (Businelle
etal., 2010; Moody et al., 2016; Yurasek et al., 2013). Lastly, the bulk
of polysubstance research using the CRF model has concentrated
on individuals with alcohol-related problems or alcohol depen-
dence (Amlung, MacKillop, et al., 2017; Meshesha et al., 2015, 2018;
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Minhas et al., 2020; Moallem & Ray, 2012; Moody et al., 2016;
Nieto et al., 2022; Yurasek et al., 2013). Few studies have examined
only alcohol users, which may provide valuable information regard-
ing who may be at risk of future polysubstance use. Collectively,
these gaps in the literature limit our understanding of polysubstance
use and preclude the identification of relevant behavioral economic
correlates of polysubstance use.

Against this background, the aim of this study was to characterize
drug use using the three constituents of the CRP model (i.e., alcohol
demand, DD, and proportionate reinforcement from substance-free
and substance-related activities) across three subgroups of young
adults reporting past month use of alcohol only, alcohol + tobacco or

cannabis use, and alcohol + tobacco + cannabis use.

MATERIALS AND METHODS
Participants and procedure

Initially, 2980 participants completed a digitalized assessment
battery during September- November 2021 administered across
three Spanish regions (Asturias, Aragén, and the Balearic Islands).
Participants were recruited using printed flyers and posters as well
as through digital platforms (i.e., radio, television, Instagram, and
Twitter).

Inclusion criteria consisted of (1) being between 18 and 25years
old; (2) being engaged in tertiary education, including university and
vocational programs; and (3) reporting past month alcohol use. Of
the initial 2980 participants, 121 were excluded for being older than
25,and 1275 did not report any past month alcohol use. Additionally,
22 and 75 participants were removed for failing attentional control
checks and being identified as duplicates, respectively. Thus, the
final study sample was comprised of 1487 participants reporting
past month alcohol use.

Coordinators at each recruitment site were approached and in-
vited to take part in the study. Assessments were scheduled to occur
during regular classroom hours. Upon acceptance into the study, re-
search assistants administered an online assessment battery to par-
ticipants using Lenovo® Table M7 tablets. The assessment battery
required approximately 45min to complete. During the classroom
assessments, research assistants were physically present to ensure
there was no interaction between participants. To verify the partici-
pants' level of engagement and attention to the task, four attentional
control items (e.g., for this question choose ‘sometimes’) with four
response options (i.e., hardly ever, sometimes, half of the times, most
of the times, almost always) were incorporated into the battery as-
sessment. Participants were required to answer at least two of four
of these attentional control items correctly to be deemed satisfac-
tory in terms of their effort and attention to the task. The majority of
participants (92%) passed all attentional control items, while 8% had
75% correct responses (1 incorrect of 4 attentional control checks).

The research protocol with the identifier #191CER21 received
approval from the Ethics Committee of the academic institution that

[&S oean
CLINICAL & EXPERIMENTAL RESEARCH

received funding for the study. Prior to the commencement of the

research, all participants duly provided written informed consent.

Instruments

Participants responded on sociodemographic, substance use-
related, and behavioral economics variables. The sociodemographic

variables were sex, age, and weekly discretionary income.

Substance use-related measures

Substance use variables included past month use of alcohol, tobacco,
and cannabis, as well as frequency of past month binge drinking (i.e.,
5 standard drinking units, 4 in the case of women, in a 2-h period),
and average number of cigarettes and joints smoked per day. Three
questionnaires were used to evaluate the weekly alcohol quantity,

nicotine dependence, and hazardous cannabis use:

The Daily Drinking Questionnaire (DDQ)

The Daily Drinking Questionnaire (DDQ) (Collins et al., 1985) as-
sesses the quantity of alcohol consumption (i.e., number of standard
alcoholic beverages) typically consumed on each day of the week
during the past month. Participants were classified as heavy drinkers
according to the National Institute on Alcohol Abuse and Alcoholism
(NIAAA) criteria, which define heavy drinking as consuming more
than 14 drinks per week for men and more than 7 drinks per week

for women.

The Heaviness of Smoking Index (HSI)

The Heaviness of Smoking Index (HSI) (Heatherton et al., 1989) as-
sesses nicotine dependence in the last week (current use) using two
criteria: self-reported time to the first cigarette of the day and the
number of cigarettes smoked per day. The total score ranges from O
to 6, facilitating the classification of nicotine dependence into low
(0-1), medium (2-4), and high (5-6) levels.

The Cannabis Use Disorder Identification Test-Revised (CUDIT-R)
The Cannabis Use Disorder Identification Test-Revised (CUDIT-R)
(Adamson et al., 2010) was used to assess hazardous cannabis use
in the last 6 months. The CUDIT-R consists of 8 items using a 5-point
Likert scale. The total score ranges from O to 32, with a higher score
indicating more severe cannabis use. The CUDIT-R has high sensitiv-
ity (91%) and specificity (90%) for identifying the risk of cannabis use
disorder, as indicated by a score of 12 or greater.

Behavioral economic measures
Alcohol Purchase Task (APT)

Participants completed the Alcohol Purchase Task (APT) according
to original Murphy and MacKillop's (2006) instructions and were
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asked to indicate the number of drinks they would consume at the
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following 29 prices in a typical drinking situation: €0 (free), €0.15,
€0. 3,€0.6,€1,€2,€3, €4, €5, €6,€6.5,€7,€7.5, €8, €8.5, €9, €10,
€11,€12,€13, €14, €15, €16, €20, €24, €28, €32, €34, and €36.

Delay discounting (DD)

The DD task consisted of a series of binary choices between an
immediately available monetary reward (ranging from €5 to €995)
versus a fixed reward of €1000 available at a fixed delay (i.e., 1 day,
1week, 1month, and 6 months) Gonzélez-Roz et al. (2023). A value
of the immediate option was adjusted using a heuristic developed
by Du et al. (2002) until an indifference point was reached at each
delay. The indifference point is defined as the price at which the
subjective value of the smaller, immediate reward equals that of
the larger, delayed reward. Assuming that rewards are at their full
value when received immediately, if receiving €400 now is found
to be subjectively equivalent to receiving €1000 after 6 months,
one can conclude that the subjective value of the delayed €1000
has been discounted by €600. Participants were explicitly in-
formed that they would not actually receive any of the monetary
amounts mentioned during the task but were asked to respond as

if the choices were real.

Adolescent Reinforcement Survey Schedule - Substance Use
Version (ARSS-SUV)

An abbreviated version of the Adolescent Reinforcement Survey
Schedule (ARSS-SUV) (Murphy et al.,, 2005) comprised of 32-
items was employed to assess reinforcement associated with both
substance-related and substance-free activities. Frequency and en-
joyment of past month activities were assessed using 5-point Likert
scales (ranging from O to 4). Frequency ratings spanned from 0 (O
times over the past 30days) to 4 (25 or more times over the past
30days), whereas enjoyment ratings varied from O (unpleasant ex-
periences) to 4 (extremely pleasant experiences). The following is
an example of an included item: “In the last month, how many times
have you consumed alcohol or other substances while going out with
friends?” The product of frequency and enjoyment ratings yielded
a cross-product score (possible range of 0-16), reflecting the over-
all level of reinforcement derived from the activity. The variables of
interest in this measure included the average reinforcement across

all substance-free activities (reinforcement ), the average rein-

non-drug
forcement across all substance-related activities (reinforcementdrug),
and the overall reinforcement ratio, defined as reinforcementdrug

divided by the sum of reinforcement and reinforcement

non-drug drug*

This ratio can range from O to 1, with higher values indicative of
greater relative reinforcement received from substance-related ac-
tivities over substance-free activities.

Data analysis

Participants were grouped into three different categories regard-
ing the number of substances used in the past month: alcohol only

users (n=848), alcohol + tobacco or cannabis users (n=445), and
alcohol + tobacco + cannabis users (n=194). The percentage of
individuals in each group within this sample aligns with previous
epidemiological studies (Cohn et al., 2018; National Drugs Plan
(PNSD), 2022). The criterion of “past month use” to define groups
of substance users has been widely employed in BE research
(Naudé et al., 2021b; Nieto et al., 2022; Ramirez et al., 2020;
Yurasek et al., 2013). The APT data underwent a comprehensive
initial screening with the objective of identifying nonsystematic
patterns in accordance with the guidelines by Stein et al. (2015).
There were 68 missing cases and a total of six subjects were found
to exhibit nonsystematic data, which was characterized by trend
(i.e., negligible reductions, constant demand or increases in con-
sumption). Consequently, these individuals were excluded from
further analysis, leaving a total sample of 1413 for the APT analy-
ses. Five demand indices were computed from the remaining data
of APT: (1) Q,, intensity of demand, alcohol consumption when

price is at or near zero; (2) O maximum output (i.e., most money

max’
spent on alcohol at a given price); (3) P, price at which O, oc-
curs; (4) breakpoint, lowest price at which alcohol is no longer pur-
chased; and (5) a, a fitted parameter describing the rate of change
in the slope of the demand function. All demand indices except a
were observed. Elasticity was estimated by applying the exponen-
tiated demand curve equation originally proposed by Koffarnus
et al. (2015): Q=Q,x 1Ok(e'<Q0C'1’. The value of k utilized for all
participants in this study was set at 1.5, as estimated in accord-
ance with the recommendations outlined by Farris et al. (2017).
Additionally, an assessment of the APT raw data values was con-
ducted to identify and address outliers. Subsequently, the APT
dataset raw data were subjected to a standardization procedure,
and the standardized values were juxtaposed against a critical
threshold of Z=+4. A total of 217 outliers, at price level, predomi-
nantly of high extreme values, were detected and subsequently
recoded (the highest nonoutlying value plus 1).

The systematicity of DD data was evaluated using a modified
version of Johnson and Bickel's (2008) criteria. Given the longest
presented delay in the DD task (6 months) was relatively shorter
than typically presented, violations of the Criterion 2 (i.e., overall
decrease of at least 10% between the initial and final delay) were
expected and observed (n=1246). Therefore, nonsystematic data
were based on Criterion 1 (indifference points cannot exceed those
from the previous delay by more than 20%), resulting in 104 assess-
ments being classified as nonsystematic and subsequently excluded
from analysis. DD was calculated by taking the area under the curve
generated from indifference points following a base-10 logarithmic
transformation of delays (AUClogd, Borges et al., 2016), which helps
alleviate the disproportionate influence of values derived from lon-
ger delays and increases sensitivity of the task, particularly at the
extreme ends of the discounting continuum (Yoon et al., 2018).
AUClogd can range from O to 1, with lower values indicative of
greater discounting.

Descriptive statistics, analysis of variance (ANOVA), t-test, and
chi-squared test were conducted to study differences between
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study groups (i.e., alcohol only users, alcohol + tobacco or cannabis
users, alcohol + tobacco + cannabis users) in terms of sociodemo-
graphic, substance use, and CRP model variables (i.e., APT, DD, and
ARSS-SUV). The assumption of homoscedasticity of variances was
tested with Levene's test; if this assumption was not met, the post
hoc test used was Games-Howell instead of HSD Tukey due to its
flexibility and suitability in cases when the former condition is vi-
olated. Statistically significant behavioral economic measures were
introduced in the analysis of covariance (ANCOVA) to control for
sex, heavy drinking episodes, and weekly quantity of alcohol (DDQ).
Finally, to study the joint predictive value of the variables that in
the univariate analyses were related to the pattern of substance use
(i.e., p<0.05), a multinomial logistic regression was carried out by the
stepwise method. To reduce skewness (M ¢.,.=3.52, M, .=1.51)
and kurtosis (M =16.68, M =2.36), the APT indices were
transformed logarithmically. All statistical analyses were performed
with SPSS (version 25, SPSS Inc., Chicago IL, USA). The level of sig-
nificance for all statistical analyses was set at p<0.05. Given that a

before after

total of 23 global analyses were conducted, the Bonferroni correc-
tion was applied to these analyses (i.e., p<0.05/23, or p<0.0022). A
post hoc power analysis in G*Power 3.1 indicated that the study had
a power of 0.9417 for detecting small effect sizes.

RESULTS
Sociodemographic differences across groups

Table 1 displays participants' characteristics across study groups.
Among the total sample, 64% were women. Males (49%) were over-
represented in the alcohol + tobacco + cannabis group, whereas the
proportion of females was higher (73.3%) in the alcohol + tobacco
or cannabis group. Concerning substance use, the group using all
three substances showed a higher percentage of binge drinking,
heavy drinking, and weekly alcohol intake compared to their respec-
tive comparison groups. No significant differences were observed

in hazardous cannabis use and nicotine dependence across groups.

Contextualized reinforcer pathology

Greater intensity of alcohol demand was observed among those
using three (MQO:S.O drinks) or two (MQ0:7.9 drinks) substances
compared to alcohol-only users (MQ0:6.6 drinks), but with a small
effect size. Other indices of alcohol demand (i.e., breakpoint, O
p
stance user groups. No significant differences in reinforcement

max’

may @nd elasticity) were not significantly different across the sub-

provided by substance-free activities (reinforcement ) were

non-drug

observed across the three groups. Notably, reinforcement from

substance-related activities (reinforcement, ) as well as the re-

drug
inforcement ratio (relative ratio of reinforcement from drug vs.

nondrug sources) were highest in the group that used all three sub-

stances (M =2.2; M =0.287), followed by those who used

rdrug rratio

ALCOHOL  J s
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=17, M

alcohol-only users (Mrdrug:1-3? M

=0.249), and lowest among
=0.197). The magnitude of
these differences was medium. No differences were observed in

two substances (M

rdrug rratio

rratio

DD across the three study groups. After controlling for sex, heavy
drinking episodes, and weekly alcohol consumption, the intensity of
alcohol demand (Fz, 1407=2.103, p=0.123) and reinforcement from
substance-related activities (reinforcementdrug) (Fz, 1407=3.377,
p=0.034) were nonsignificant, whereas the reinforcement ratio re-
mained significant (Fz, 1407=16.568, p<0.001).

Regression analysis ( Table 2) showed that being male increased
the likelihood of alcohol + tobacco + cannabis users' group member-
ship (OR=1.69; 95%Cl=1.20, 2.41) by 69% in comparison witg the
alcohol users' group. Conversely, being female increased the odds
of alcohol + tobacco or cannabis users' group membership by 68%
(OR=1.68; 95%Cl=1.28, 2.21). The occurrence of a binge drinking
episode within the past month escalated the odds by 57% (OR=1.57,;
95%Cl=1.20, 2.05) of being an alcohol + tobacco or cannabis user,
and by 131% (OR=2.31; 95%Cl=1.56, 3.41) of being an alcohol +
tobacco + cannabis user. Regarding weekly quantity of alcohol con-
sumed, each standard drink corresponded to approximately an 11%
increase in the likelihood of belonging to the alcohol + tobacco or
cannabis users (OR=1.09; 95%Cl=1.06, 1.12) or alcohol + tobacco +
cannabis user group (OR=1.12; 95%CI=1.09, 1.15). For every point
increase on reinforcement ratio, the odds of belonging to alcohol +
tobacco or cannabis users (OR=5.07; 95%Cl=1.97, 15.59) and al-
cohol + tobacco + cannabis users' group (OR=24.31; 95%Cl=6.53,
90.48) increased by 5 and 24 times.

DISCUSSION

This study contributes to the understanding of substance use
among young adults using the CRP framework. Results revealed
that (1) Q, was higher among young adults using two or three sub-
stances (alcohol + cannabis + tobacco) compared to those using
only one (alcohol), (2) reinforcement from substance-related ac-
tivities was also higher in young adults using all three substances
(alcohol + cannabis + tobacco) compared to those using only one
(alcohol) or two substances (alcohol + tobacco or cannabis), and (3)
DD of monetary rewards was not associated with any substance
use pattern.

Young adults who reported using two or three substances (al-
cohol, tobacco, and cannabis) showed higher alcohol Q, relative
to users of one substance (alcohol). Worth noting, the group using
three substances showed the highest levels of alcohol use quan-
tity, and heavy drinking episodes in the past month. One possible
explanation of higher Q, observed among polysubstance users
may be the synergistic psychoactive effects of simultaneous drug
use, which could enhance the reinforcing value of each substance
(Piasecki et al., 2011; Sokolovsky et al., 2020; Yurasek et al., 2017).
The fact that only intensity of alcohol was associated with the num-
ber of substances used aligns with findings from a meta-analysis
(Martinez-Loredo et al., 2021), which identify this index as the most
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TABLE 1 Differences between substance use patterns.

ALC+TOB/CAN
ALC (n=848) (n=445)
Sociodemographic
Age 19.3+1.5 19.5+1.6
Sex (% women) 62.4° 73.3
Weekly income 65.9+177.8° 57.5+117.2°
Substance use measures
BD (% yes) 39.52 61.3°
HD (% yes) 19.3° 42.2°
DDQ 6.0+4.9 9.6+7.7°
CPD? - 2.81+4.00
HSI? - 0.560+1.03°
JPD? - 0.25+.700°
CUDIT-R? - 6.2+4.2°
RP measures
APT
Intensity 6.6+6.0° 79+7.7°
Breakpoint 7.7+6.5° 7.2+6.1°
0, 13.8+15.6° 14.2+13.9°
P oax 49+51° 44+47°
Elasticity 0.764+2.7° 0.638+2.5%
ARSS-SUV
Reinforcement, 4. 5.0+1.6° 49+1.7°
Reinforcement,, . 1.3+1.2° 1.7+1.4°
Reinforcement ratio 0.197 +.124? 0.249 +.133°
AUClogd 0.872+.152° 0.864+.147°

ALC+TOB+CAN

(n=194) F (DF) p qg
19.4+1.6° 1.481 (2, 1484) 0.228 0.002
51.0° 31.727 (2) <0.001 0.145
82.2+167.7° 1.593 (2, 1483) 0.204 0.002
74.2° 105.65 (2)* <0.001 0.258
46.9° 104.468 (2)* <0.001 0.256
13.7+13.41° 99.8(2,1484)  <0.001 0.119
4.01+5.65° -2.625 (293)° 0.009 0.258
0.650+1.04° -0.983 (581)° 0.326 0.086
0.42+1.10° -1.073 (247)° 0.284 0.164
7.2+5.8° -1.115 (248)° 0.266 -0.169
8.0+7.0° 9.139 (2, 1410) <0.001 0.013
6.2+4.9° 0.680 (2, 1410) 0.507 0.001
13.5+14.6° 0.251 (2, 1410) 0.778 0.000
3.9+4.3° 0.549 (2, 1410) 0.577 0.001
0.61+2.5° 0.312 (2, 1410) 0.732 0.000
5.2+1.8° 2.028 (2, 1484) 0.132 0.003
2.2+1.5° 40.281(2,1484)  <0.001 0.051
0.287 +.128° 49.907 (2, 1472) <0.001 0.064
0.855+.170° 1.015 (2, 1440) 0.363 0.001

Note: Different superscripts (i.e., a, b, c) indicate a significant difference between groups in pairwise comparisons (p <0.05). Conversely, the same
superscript denotes the absence of statistically significant differences between the groups.

Abbreviations: ALC+TOB+ CAN, alcohol + tobacco + cannabis users; ALC+TOB/CAN, alcohol + tobacco or cannabis users; ALC, alcohol users; APT,
Alcohol Purchase Task; ARSS-SUV, Adolescent Reinforcement Survey Schedule - Substance Use Version; BD, past month binge drinking prevalence;
CPD, cigarette per day; CUDIT-R, Cannabis Use Disorder Identification Test - revised; DDQ, The Daily Drinking Questionnaire; HD, past month
heavy drinking prevalence; HSI, Heaviness Smoking Index; JPD, joints per day; RP, reinforcer pathology.

1;(2 instead of F, contingency coefficient instead of '13-

2The means of these variables in the ALC+TOB/CAN group are calculated only for individuals who have used each of these substances in the past

month, rather than for the entire sample.
3T-test instead of F, Cohen's d instead of '1§~

discriminative measure of volumetric alcohol, alcohol-related prob-
lems, and hazardous drinking.

Interestingly, participants who reported using two or three
substances (alcohol, tobacco, and cannabis) also showed higher
reinforcement from substance-related activities compared to
alcohol-only users. This finding is key to understanding why young
adults are more vulnerable to polysubstance use. It is possible that
incentive sensitization might play an important role in account-
ing for heightened substance-related reward, particularly in this
young population (Alvarez-Monjaras et al., 2019). First, attentional
bias toward substance use is arguably enhanced in environmental
contexts where young adults are typically involved (e.g., parties,
chatting with friends, etc). Concurrently, participants who report

polysubstance use inform on social networks that parallel their
substance use, thus increasing substance use opportunities and
subjective reward (Meisel et al., 2021). In this sense, the ampli-
fied effects of reinforcement from substance-related activities,
such as complementary reinforcers, are primarily reinforcing be-
cause they facilitate social reinforcement and enhance engage-
ment in interpersonal activities. For instance, some studies have
found that the combined use of alcohol and cannabis, compared
to the isolated use of either substance, is predicted by social re-
ward expectations (i.e. social motives) for consuming both drugs
(Arterberry et al., 2021; Jackson et al., 2021). Furthermore, sub-
stances not only act as primary rewards with direct psychoactive
and social effects but also enhance the reinforcing properties of
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TABLE 2 Regression model to predict substance use pattern.

ALC?vs. ALC+TOB/CAN

Model? OR (95%Cl)
Sociodemographic
Sex (women)® 0.593 (0.452, 0.779)

Drug measures

BD (no)* 1.572(1.205, 2.051)
DDQ 1.092 (1.064, 1.120)
ARSS-SUV

Reinforcement ratio 5.069 (1.973, 15.592)

ALC?vs. ALC+TOB+CAN
OR (95%Cl)

1.697 (1.195, 2.411)

2.308 (1.561, 3.411)
1.119 (1.088, 1.151)

24.305 (6.529, 90.478)

ALCOHOL  J s
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ALC +TOB/CAN?® vs. ALC+TOB+CAN
OR (95%Cl)

2.862(1.976,4.144)

1.467 (0.973, 2.213)
1.025 (1.005, 1.046)

4.333(1.149, 16.339)

Abbreviations: ALC+TOB + CAN, alcohol + tobacco + cannabis users; ALC+TOB/CAN, alcohol + tobacco or cannabis users; ALC, alcohol users;
ARSS-SUV, Adolescent Reinforcement Survey Schedule - Substance Use Version; BD, past month binge drinking prevalence; Cl, confidence interval;

DDQ, The Daily Drinking Questionnaire; OR, odds ratio.
2Reference category.

PReference category, women.

‘Reference category, “no”.

Model. y2=270.642, p<0.001; R*=0.207.

nondrug behaviors (e.g., dancing) that occur in the same context as
drug use. Nondrug behaviors as well as substance use thus func-
tion as conditioned stimuli for each other, further increasing the
overall reinforcing effects of substance use and nondrug behav-
iors (Khoddam & Leventhal, 2016).

No significant relationship between DD and the number of
substances used was observed in the current study, which may
be partially explained by a ceiling effect of alcohol use (Moody
et al., 2016). This result is consistent with results from previ-
ous clinical studies (Businelle et al., 2010; Garcia-Rodriguez
et al., 2013; Moody et al., 2016) and college student samples
(Naudé et al., 2021a, 2021b), but contrasts with other findings
(Minhas et al., 2020; Moallem & Ray, 2012; Nieto et al., 2022).
Additionally, the severity of individual substance use may have a
greater association with DD than the number of substances used
(Garcia-Rodriguez et al., 2013; Moody et al., 2016). In a study con-
ducted among college students, Naudé et al. (2022) found steeper
DD is associated with the use of multiple substances only when
individuals endorse cigarette smoking in addition to either al-
cohol use or cannabis involvement, pointing to a central role of
cigarette smoking in DD among those who report using multiple
substances. In our study, the very low nicotine dependence in the
sample could account for the lack of significant differences in DD
between groups. Another potential explanation may be related to
the use of monetary rewards in the discounting tasks. Recent re-
search has shown that cross-commodity DD tasks using drugs, in
which the commodity of the reinforcer differs in the immediate
versus later option, provide a more ecologically valid assessment
(Pritschmann et al., 2021), as they represent choice situations that
occur in real contexts. Most available literature has used single
commodity DD for money, but cross-commodity DD tasks using
substances may prove useful in characterizing polysubstance use
(Naudé et al., 2021a).

This study has several limitations. First, the cross-sectional design
precludes establishing causal inferences and identifying the direc-
tionality of the relationship between behavioral economic indicators
and polysubstance use. Second, the study relied on self-reported
measures of drug use, which may introduce recall bias. Third, the
study does not differentiate between types of couse, specifically
simultaneous use (i.e., consuming substances at the same time,
leading to overlapping effects) and concurrent use (i.e., consuming
substances within the same timeframe, but without overlapping
effects). This distinction is relevant, as previous research, such as
Ramirez et al. (2020), has shown that simultaneous alcohol and can-
nabis use is associated with higher alcohol demand. Fourth, although
the sample size is relatively high, the sampling method was nonran-
dom and limited to three Spanish universities and several vocational
training centers. Therefore, the representativeness of the results
cannot be guaranteed. Fifth, the fact that the number of participants
specifically involved in couse and tri-use of substances was relatively
smaller compared to those solely using alcohol could diminish the sta-
tistical power to detect effects. Sixth, the use of a fixed monetary
value (€1000) and a maximum delay of only 6 months in the DD task
may have constrained its ability to distinguish differences between
substance user groups and resulted in overly shallow discounting
rates. Seventh, it would have been advisable to design the ARSS-SUV
survey in a way that focused exclusively on the reinforcement pro-
vided by alcohol, rather than including alcohol and other drugs. This
approach would have allowed for a more precise isolation of alcohol's

contextual reinforcing effect based on the substance user group.

CONCLUSIONS AND IMPLICATIONS

Despite these limitations, the current study extends prior research

on the CRP model, showing that the intensity of alcohol demand
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and the reinforcement ratio of substance-related versus substance-

CLINICAL & EXPERIMENTAL RESEARCH

free activities are relevant markers of polysubstance use (i.e., alco-
hol + tobacco + cannabis) among young adults. Results from this
study also revealed that DD of monetary rewards is not sensitive
to both the number and type of substances used. Findings have
value from the public health perspective as young adults identified
with high reinforcement from substance-related activities, or with
high intensity of alcohol demand, could be targeted for selective
interventions focusing on delivering and promoting activities that
are both reinforcing and serve as an alternative to substance use
(Jun & Fazzino, 2023; Meshesha et al., 2018). At an environmental
level, both the community and universities should offer a range of
diverse, healthy, accessible, and affordable—or even free—services
and activities that foster a sense of belonging and fulfillment
without the need for substance use (Murphy & Dennhardt, 2016).
Additionally, communication campaigns can play a pivotal role in
challenging the perception that drug use is a normal part of so-
cial life while promoting new values and norms centered around
substance-free leisure. By combining these efforts, we can reduce
the reinforcing value of drugs and encourage healthier behaviors

among young adults.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflict of interest.

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

ORCID

Angel Garcia-Pérez () https://orcid.org/0000-0003-2862-2584

Alba Gonzdlez-Roz " https://orcid.org/0000-0003-4256-4835

REFERENCES

Acuff, S.F., Dennhardt, A.A., Correia, C.J. & Murphy, J.G. (2019)
Measurement of substance-free reinforcement in addiction: a
systematic review. Clinical Psychology Review, 70, 79-90. Available
from: https://doi.org/10.1016/j.cpr.2019.04.003

Acuff, S.F., Ellis, J.D., Rabinowitz, J.A., Hochheimer, M., Hobelmann, J.G.,
Huhn, A.S. et al. (2024) A brief measure of non-drug reinforcement:
association with treatment outcomes during initial substance use
recovery. Drug and Alcohol Dependence, 256, 111092. Available
from: https://doi.org/10.1016/j.drugalcdep.2024.111092

Acuff, S.F., MacKillop, J. & Murphy, J.G. (2023) A contextualized rein-
forcer pathology approach to addiction. Nature Reviews Psychology,
2(5), 309-323. Available from: https://doi.org/10.1038/s44159-
023-00167-y

Adamson, S.J., Kay-Lambkin, F.J., Baker, A.L., Lewin, T.J., Thornton,
L., Kelly, B.J. et al. (2010) An improved brief measure of canna-
bis misuse: the cannabis use disorders identification test-revised
(CUDIT-R). Drug and Alcohol Dependence, 110(1-2), 137-143.
Available from: https://doi.org/10.1016/j.drugalcdep.2010.02.017

Alvarez-Monjaras, M., Mayes, L.C., Potenza, M.N. & Rutherford, H.J.
(2019) A developmental model of addictions: integrating neurobi-
ological and psychodynamic theories through the lens of attach-
ment. Attachment & Human Development, 21(6), 616-637. Available
from: https://doi.org/10.1080/14616734.2018.1498113

Amlung, M., MacKillop, J., Monti, P.M. & Miranda, R. (2017) Elevated be-
havioral economic demand for alcohol in a community sample of
heavy drinking smokers. Journal of Studies on Alcohol and Drugs, 78(4),
623-628. Available from: https://doi.org/10.15288/jsad.2017.78.623

Amlung, M., Vedelago, L., Acker, J., Balodis, |. & MacKillop, J. (2017) Steep
delay discounting and addictive behavior: a meta-analysis of con-
tinuous associations: delay discounting and addiction. Addiction,
112(1), 51-62. Available from: https://doi.org/10.1111/add.13535

Arterberry, B.J., Goldstick, J.E., Walton, M.A_, Cunningham, R.M., Blow,
F.C. & Bonar, E.E. (2021) Alcohol and cannabis motives: differences
in daily motive endorsement on alcohol, cannabis, and alcohol/can-
nabis co-use days in a cannabis-using sample. Addiction Research
& Theory, 29(2), 111-116. Available from: https://doi.org/10.1080/
16066359.2020.1787390

Bickel, W.K., Freitas-Lemos, R., Myslowski, J., Quddos, F., Fontes,
R.M., Barbosa-Franca, B. et al. (2023) Episodic future thinking as
a promising intervention for substance use disorders: a reinforcer
pathology perspective. Current Addiction Reports, 10(3), 494-507.
Available from: https://doi.org/10.1007/s40429-023-00498-z

Bickel, W.K., Johnson, M.\W.,, Koffarnus, M.N., MacKillop, J. & Murphy,
J.G. (2014) The behavioral economics of substance use disorders:
reinforcement pathologies and their repair. Annual Review of Clinical
Psychology, 10, 641-677. Available from: https://doi.org/10.1146/
ANNUREV-CLINPSY-032813-153724

Borges, A.M., Kuang, J., Milhorn, H. & Yi, R. (2016) An alternative ap-
proach to calculating area-under-the-curve (AUC) in delay dis-
counting research. Journal of the Experimental Analysis of Behavior,
106(2), 145-155. Available from: https://doi.org/10.1002/jeab.219

Businelle, M.S., McVay, M.A., Kendzor, D. & Copeland, A. (2010) A com-
parison of delay discounting among smokers, substance abusers,
and non-dependent controls. Drug and Alcohol Dependence, 112(3),
247-250. Available from: https://doi.org/10.1016/j.drugalcdep.
2010.06.010

Coelho, S.G., Hendershot, C.S. & Wardell, J.D. (2024) Within-person and
between-person associations of access to environmental reward
with alcohol and cannabis use and consequences among young
adults. Drug and Alcohol Dependence, 263, 112417. Available from:
https://doi.org/10.1016/j.drugalcdep.2024.112417

Cohn, A.M., Johnson, A.L., Rose, S.W., Pearson, J.L., Villanti, A.C. &
Stanton, C. (2018) Population-level patterns and mental health and
substance use correlates of alcohol, marijuana, and tobacco use
and co-use in US young adults and adults: results from the pop-
ulation assessment for tobacco and health. The American Journal
on Addictions, 27(6), 491-500. Available from: https://doi.org/10.
1111/ajad.12766

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

Du, W., Green, L. & Myerson, J. (2002) Cross-cultural comparisons of
discounting delayed and probabilistic rewards. The Psychological
Record, 52(4), 479-492. Available from: https://doi.org/10.1007/
BF03395199

European Monitoring Centre for Drugs and Drug Addiction. (2022)
Statistical Bulletin 2022. Available from: https://www.emcdda.eu-
ropa.eu/data/stats2022_en [Accessed 4th December 2024].

Exum, A.C., Sutton, C.A., Bellitti, J.S., Yi, R. & Fazzino, T.L. (2023) Delay
discounting and substance use treatment outcomes: a systematic
review focused on treatment outcomes and discounting methodol-
ogy. Journal of Substance Use and Addiction Treatment, 149, 209037.
Available from: https://doi.org/10.1016/j.josat.2023.209037

Farris, S.G., Aston, E.R., Abrantes, A.M. & Zvolensky, M.J. (2017)
Tobacco demand, delay discounting, and smoking topography
among smokers with and without psychopathology. Drug and

95UB017 SUOWIWIOD aA11e81D) 3ol jdde ay) Aq peusenob ase sooile VO 88N JO o[l 1oy Akeid1T8UIIUQ AB]IAA UO (SUONIPUCO-PUR-SWISIALIOD"AB | 1M Afe.d1|Bul [UO//ScY) SUORIPUOD pue sWwie 1 8y} 88S *[9202/50/02] Uo Akeiqiauljuo AB|im ‘0sned 8 eLeISIAIUN €39101q19 A 0S00L 8% /TTTT'OT/I0P/W0D" A8 1M Aleiq1pul|uo//Stny Wouy papeojumoqd ‘9 ‘520z ‘GLTLE66Z


https://orcid.org/0000-0003-2862-2584
https://orcid.org/0000-0003-2862-2584
https://orcid.org/0000-0003-4256-4835
https://orcid.org/0000-0003-4256-4835
https://doi.org/10.1016/j.cpr.2019.04.003
https://doi.org/10.1016/j.drugalcdep.2024.111092
https://doi.org/10.1038/s44159-023-00167-y
https://doi.org/10.1038/s44159-023-00167-y
https://doi.org/10.1016/j.drugalcdep.2010.02.017
https://doi.org/10.1080/14616734.2018.1498113
https://doi.org/10.15288/jsad.2017.78.623
https://doi.org/10.1111/add.13535
https://doi.org/10.1080/16066359.2020.1787390
https://doi.org/10.1080/16066359.2020.1787390
https://doi.org/10.1007/s40429-023-00498-z
https://doi.org/10.1146/ANNUREV-CLINPSY-032813-153724
https://doi.org/10.1146/ANNUREV-CLINPSY-032813-153724
https://doi.org/10.1002/jeab.219
https://doi.org/10.1016/j.drugalcdep.2010.06.010
https://doi.org/10.1016/j.drugalcdep.2010.06.010
https://doi.org/10.1016/j.drugalcdep.2024.112417
https://doi.org/10.1111/ajad.12766
https://doi.org/10.1111/ajad.12766
https://doi.org/10.1037/0022-006X.53.2.189
https://doi.org/10.1037/0022-006X.53.2.189
https://doi.org/10.1007/BF03395199
https://doi.org/10.1007/BF03395199
https://www.emcdda.europa.eu/data/stats2022_en
https://www.emcdda.europa.eu/data/stats2022_en
https://doi.org/10.1016/j.josat.2023.209037

ASSESSMENT OF REINFORCEMENT PATHOLOGY IN YOUNG ADULT SUBSTANCE USERS

ALCOHOL

Alcohol Dependence, 179, 247-253. Available from: https://doi.org/
10.1016/j.drugalcdep.2017.06.042

Garcia-Pérez, A., Aonso-Diego, G., Weidberg, S., Gonzalez-Roz, A. &
Secades-Villa, R. (2022) Reinforcer pathology predicts relapse
in smokers. Psychology of Addictive Behaviors, 36(5), 565-571.
Available from: https://doi.org/10.1037/adb0000773

Garcia-Pérez, A., Vallejo-Seco, G., Weidberg, S., Gonzalez-Roz, A. &
Secades-Villa, R. (2020) Long-term changes in delay discounting
following a smoking cessation treatment for patients with depres-
sion. Drug and Alcohol Dependence, 212, 108007. Available from:
https://doi.org/10.1016/j.drugalcdep.2020.108007

Garcia-Rodriguez, O., Secades-Villa, R., Weidberg, S. & Yoon, J.H. (2013)
A systematic assessment of delay discounting in relation to cocaine
and nicotine dependence. Behavioural Processes, 99, 100-105.
Available from: https://doi.org/10.1016/j.beproc.2013.07.007

Gonzalez-Roz, A., Jackson, J., Murphy, C., Rohsenow, D.J. & MacKillop,
J. (2019) Behavioral economic tobacco demand in relation to cig-
arette consumption and nicotine dependence: a meta-analysis
of cross-sectional relationships. Addiction, 114(11), 1926-1940.
Available from: https://doi.org/10.1111/add.14736

Gonzalez-Roz, A., Martinez-Loredo, V., Postigo, A. & Yoon, J.H. (2023)
Comparative assessment of psychometric performance on the
adjusting amounts versus the 21-item monetary choice delay dis-
counting tasks among young adult substance users. Experimental
and Clinical Psychopharmacology, 32, 358-368. Available from:
https://doi.org/10.1037/pha0000688

Gonzalez-Roz, A., Postigo, A., Aonso-Diego, G., Garcia-Pérez, A.
& Secades-Villa, R. (2019) Reinforcer pathology among ciga-
rette smokers with and without history of alcohol use disorder.
Psicothema, 31(4), 393-399. Available from: https://doi.org/10.
7334/psicothema2019.10

Grodin, E.N., Burnette, E., Towns, B., Venegas, A. & Ray, L.A. (2021)
Effect of alcohol, tobacco, and cannabis co-use on gray matter
volume in heavy drinkers. Psychology of Addictive Behaviors, 35(6),
760-768. Available from: https://doi.org/10.1037/adb0000743

Heatherton, T.F., Kozlowski, L.T., Frecker, R.C., Rickert, W. & Robinson, J.
(1989) Measuring the heaviness of smoking: using self-reported time
to the first cigarette of the day and number of cigarettes smoked
per day. British Journal of Addiction, 84(7), 791-800. Available from:
https://doi.org/10.1111/j.1360-0443.1989.tb03059.x

Jackson, K.M., Stevens, A.K., Sokolovsky, A.W., Hayes, K.L. & White,
H.R. (2021) Real-world simultaneous alcohol and cannabis use: an
ecological study of situational motives and social and physical con-
texts. Psychology of Addictive Behaviors, 35(6), 698-711. Available
from: https://doi.org/10.1037/adb0000765

Johnson, M\W. & Bickel, W.K. (2008) An algorithm for identifying
nonsystematic delay-discounting data. Experimental and Clinical
Psychopharmacology, 16(3), 264-274. Available from: https://doi.
org/10.1037/1064-1297.16.3.264

Jun, D. & Fazzino, T.L. (2023) Associations between alcohol-free sources
of reinforcement and the frequency of alcohol and cannabis co-
use among college freshmen. International Journal of Environmental
Research and Public Health, 20(4), 2884. Available from: https://doi.
org/10.3390/ijerph20042884

Khoddam, R. & Leventhal, A.M. (2016) Alternative and complementary
reinforcers as mechanisms linking adolescent conduct problems and
substance use. Experimental and Clinical Psychopharmacology, 24(5),
376-389. Available from: https://doi.org/10.1037/pha0000088

Koffarnus, M.N., Franck, C.T., Stein, J.S. & 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/10.1037/pha00
00045

Mahalik, J.R., Levine Coley, R., McPherran Lombardi, C., Doyle Lynch,
A., Markowitz, A.J). & Jaffee, S.R. (2013) Changes in health risk
behaviors for males and females from early adolescence through

[&S sen

CLINICAL & EXPERIMENTAL RESEARCH
early adulthood. Health Psychology, 32(6), 685-694. Available from:
https://doi.org/10.1037/a0031658

Martinez-Loredo, V., Gonzélez-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 alcohol: an
updated systematic review and meta-analysis. Addiction, 116(10),
2635-2650. Available from: https://doi.org/10.1111/add.15379

Meisel, M.K., Treloar Padovano, H., Miller, M.B., Clark, M.A. & Barnett,
N.P. (2021) Associations between social network characteristics
and alcohol use alone or in combination with cannabis use in first-
year college students. Psychology of Addictive Behaviors, 35(6), 650-
658. Available from: https://doi.org/10.1037/adb0000704

Meshesha, L.Z., Dennhardt, A.A. & Murphy, J.G. (2015) Polysubstance
use is associated with deficits in substance-free reinforcement in
college students. Journal of Studies on Alcohol and Drugs, 76(1), 106-
116. Available from: https://doi.org/10.15288/jsad.2015.76.106

Meshesha, L.Z., Utzelmann, B., Dennhardt, A.A. & Murphy, J.G. (2018)
A behavioral economic analysis of marijuana and other drug
use among heavy drinking young adults. Translational Issues in
Psychological Science, 4(1), 65-75. Available from: https://doi.org/
10.1037/tps0000144

Minhas, M., Oshri, A., Amlung, M., Dennhardt, A., Ferro, M., Halladay,
J. et al. (2020) Latent profile analysis of heavy episodic drinking
in emerging adults: a reinforcer pathology approach. Alcoholism:
Clinical and Experimental Research, 44(10), 2130-2140. Available
from: https://doi.org/10.1111/acer.14438

Moallem, N.R. & Ray, L.A. (2012) Dimensions of impulsivity among heavy
drinkers, smokers, and heavy drinking smokers: singular and com-
bined effects. Addictive Behaviors, 37(7), 871-874. Available from:
https://doi.org/10.1016/j.addbeh.2012.03.002

Moody, L., Franck, C., Hatz, L. & Bickel, W.K. (2016) Impulsivity and
polysubstance use: a systematic comparison of delay discounting
in mono-, dual-, and trisubstance use. Experimental and Clinical
Psychopharmacology, 24(1), 30-37. Available from: https://doi.org/
10.1037/pha0000059

Morris, V., Patel, H., Vedelago, L., Reed, D.D., Metrik, J., Aston, E. et al.
(2018) Elevated behavioral economic demand for alcohol in co-
users of alcohol and cannabis. Journal of Studies on Alcohol and
Drugs, 79(6), 929-934. Available from: https://doi.org/10.15288/
jsad.2018.79.929

Murphy, J.G., Correia, C.J., Colby, S.M. & Vuchinich, R.E. (2005) Using be-
havioral theories of choice to predict drinking outcomes following
a brief intervention. Experimental and Clinical Psychopharmacology,
13(2), 93-101. Available from: https://doi.org/10.1037/1064-1297.
13.2.93

Murphy, J.G. & Dennhardt, A.A. (2016) The behavioral economics of
young adult substance abuse. Preventive Medicine, 92, 24-30.
Available from: https://doi.org/10.1016/j.ypmed.2016.04.022

Murphy, J.G., Dennhardt, A.A., Martens, M.P., Borsari, B., Witkiewitz,
K. & Meshesha, L.Z. (2019) A randomized clinical trial evaluating
the efficacy of a brief alcohol intervention supplemented with a
substance-free activity session or relaxation training. Journal of
Consulting and Clinical Psychology, 87(7), 657-669. Available from:
https://doi.org/10.1037/ccp0000412

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

National Drugs Plan (PNSD). (2022) EDADES 2022. Encuesta sobre al-
cohol y otras drogas en Espafna (EDADES), 1995-2022. Ministry
of Health. Available from: https://pnsd.sanidad.gob.es/profesiona
les/sistemasinformacion/sistemalnformacion/pdf/2022_Informe_
EDADES.pdf

Naudé, G.P., Reed, D.D., Jarmolowicz, D.P., Martin, L.E., Fox, A.T.,
Strickland, J.C. et al. (2021a) Single- and cross-commodity discount-
ing among adults who use alcohol and cannabis: associations with

95UB017 SUOWIWIOD aA11e81D) 3ol jdde ay) Aq peusenob ase sooile VO 88N JO o[l 1oy Akeid1T8UIIUQ AB]IAA UO (SUONIPUCO-PUR-SWISIALIOD"AB | 1M Afe.d1|Bul [UO//ScY) SUORIPUOD pue sWwie 1 8y} 88S *[9202/50/02] Uo Akeiqiauljuo AB|im ‘0sned 8 eLeISIAIUN €39101q19 A 0S00L 8% /TTTT'OT/I0P/W0D" A8 1M Aleiq1pul|uo//Stny Wouy papeojumoqd ‘9 ‘520z ‘GLTLE66Z


https://doi.org/10.1016/j.drugalcdep.2017.06.042
https://doi.org/10.1016/j.drugalcdep.2017.06.042
https://doi.org/10.1037/adb0000773
https://doi.org/10.1016/j.drugalcdep.2020.108007
https://doi.org/10.1016/j.beproc.2013.07.007
https://doi.org/10.1111/add.14736
https://doi.org/10.1037/pha0000688
https://doi.org/10.7334/psicothema2019.10
https://doi.org/10.7334/psicothema2019.10
https://doi.org/10.1037/adb0000743
https://doi.org/10.1111/j.1360-0443.1989.tb03059.x
https://doi.org/10.1037/adb0000765
https://doi.org/10.1037/1064-1297.16.3.264
https://doi.org/10.1037/1064-1297.16.3.264
https://doi.org/10.3390/ijerph20042884
https://doi.org/10.3390/ijerph20042884
https://doi.org/10.1037/pha0000088
https://doi.org/10.1037/pha0000045
https://doi.org/10.1037/pha0000045
https://doi.org/10.1037/a0031658
https://doi.org/10.1111/add.15379
https://doi.org/10.1037/adb0000704
https://doi.org/10.15288/jsad.2015.76.106
https://doi.org/10.1037/tps0000144
https://doi.org/10.1037/tps0000144
https://doi.org/10.1111/acer.14438
https://doi.org/10.1016/j.addbeh.2012.03.002
https://doi.org/10.1037/pha0000059
https://doi.org/10.1037/pha0000059
https://doi.org/10.15288/jsad.2018.79.929
https://doi.org/10.15288/jsad.2018.79.929
https://doi.org/10.1037/1064-1297.13.2.93
https://doi.org/10.1037/1064-1297.13.2.93
https://doi.org/10.1016/j.ypmed.2016.04.022
https://doi.org/10.1037/ccp0000412
https://doi.org/10.1037/1064-1297.14.2.219
https://doi.org/10.1037/1064-1297.14.2.219
https://pnsd.sanidad.gob.es/profesionales/sistemasInformacion/sistemaInformacion/pdf/2022_Informe_EDADES.pdf
https://pnsd.sanidad.gob.es/profesionales/sistemasInformacion/sistemaInformacion/pdf/2022_Informe_EDADES.pdf
https://pnsd.sanidad.gob.es/profesionales/sistemasInformacion/sistemaInformacion/pdf/2022_Informe_EDADES.pdf

oL

GARCIA-PEREZ ET AL.

B oo
tobacco use and clinical indicators. Drug and Alcohol Dependence,
229, 109082. Available from: https://doi.org/10.1016/j.druga
lcdep.2021.109082

Naudé, G.P., Reed, D.D., Thornton, T.J. & Amlung, M. (2021b) Dual use of
alcohol and cannabis among college students: a reinforcer patholo-
gies approach. Experimental and Clinical Psychopharmacology, 29(4),
407-417. Available from: https://doi.org/10.1037/pha0000369

Naudé, G.P,, Strickland, J.C., Reed, D.D. & Amlung, M. (2022) Delay dis-
counting and neurocognitive performance in young adults with dif-
ferential patterns of substance use: findings from the human connec-
tome project. Experimental and Clinical Psychopharmacology, 30(5),
682-691. Available from: https://doi.org/10.1037/pha0000469

Nieto, S.J., Venegas, A., Burnette, E.M., MacKillop, J. & Ray, L.A. (2022)
Additive roles of tobacco and cannabis co-use in relation to delay
discounting in a sample of heavy drinkers. Psychopharmacology,
239(5), 1387-1395. Available from: https://doi.org/10.1007/s0021
3-021-05993-7

Peters, E.N., Budney, A.J. & Carroll, K.M. (2012) Clinical correlates of co-
occurring cannabis and tobacco use: a systematic review. Addiction,
107(8), 1404-1417. Available from: https://doi.org/10.1111/j.
1360-0443.2012.03843.x

Piasecki, T.M., Jahng, S., Wood, P.K., Robertson, B.M., Epler, A.J., Cronk,
N.J. et al. (2011) The subjective effects of alcohol-tobacco co-
use: an ecological momentary assessment investigation. Journal of
Abnormal Psychology, 120(3), 557-571. Available from: https://doi.
org/10.1037/a0023033

Pritschmann, R.K., Yurasek, A.M. & Yi, R. (2021) A review of cross-
commodity delay discounting research with relevance to addiction.
Behavioural Processes, 186, 104339. Available from: https://doi.org/
10.1016/j.beproc.2021.104339

Ramirez, J.J., Cadigan, J.M. & Lee, C.M. (2020) Behavioral economic
demand for alcohol among young adults who engage in simulta-
neous alcohol and marijuana use. Substance Abuse, 41(2), 203-207.
Available from: https://doi.org/10.1080/08897077.2019.1671939

Ramo, D.E., Liu, H. & Prochaska, J.J. (2012) Tobacco and marijuana use
among adolescents and young adults: a systematic review of their
co-use. Clinical Psychology Review, 32(2), 105-121. Available from:
https://doi.org/10.1016/j.cpr.2011.12.002

Romm, K.F., Dearfield, C.T. & Berg, C.J. (2024) Longitudinal patterns of
alcohol and cannabis use among US young adults: correlates and
implications for problematic health outcomes. Addictive Behaviors,
158, 108123. Available from: https://doi.org/10.1016/j.addbeh.
2024.108123

Romm, K.F., Wang, Y., Ma, Y., Wysota, C.N., Blank, M.D., Huebner, D.M.
et al. (2022) The reciprocal relationships of social norms and risk
perceptions to cigarette, e-cigarette, and cannabis use: cross-
lagged panel analyses among US young adults in a longitudinal
study. Drug and Alcohol Dependence, 238, 109570. Available from:
https://doi.org/10.1016/j.drugalcdep.2022.109570

CLINICAL & EXPERIMENTAL RESEARCH

Sokolovsky, A.W., Gunn, R.L., Micalizzi, L., White, H.R. & Jackson, K.M.
(2020) Alcohol and marijuana co-use: consequences, subjective
intoxication, and the operationalization of simultaneous use. Drug
and Alcohol Dependence, 212, 107986. Available from: https://doi.
org/10.1016/j.drugalcdep.2020.107986

Stein, J.S., Koffarnus, M.N., Snider, S.E., Quisenberry, A.J. & Bickel,
W.K. (2015) Identification and management of nonsystematic
purchase task data: toward best practice. Experimental and Clinical
Psychopharmacology, 23(5), 377-386. Available from: https://doi.
org/10.1037/pha0000020

Substance Abuse and Mental Health Services Administration. (2023)
Results from the 2022 National Survey on Drug Use and Health.
Available from: https://www.samhsa.gov/data/report/2022-nsduh
-annual-national-report [Accessed 4th December 2024].

Sussman, S. & Arnett, J.J. (2014) Emerging adulthood: developmen-
tal period facilitative of the addictions. Evaluation & the Health
Professions, 37(2), 147-155. Available from: https://doi.org/10.
1177/0163278714521812

Wood, D., Crapnell, T., Lau, L., Bennett, A., Lotstein, D., Ferris, M. et al.
(2018) Emerging adulthood as a critical stage in the life course. In:
En Halfon, N., Forrest, C.B., Lerner, R.M. & Faustman, E.M. (Eds.)
Handbook of life course health development. New York, NY: Springer
International Publishing, pp. 123-143.

Yoon, J.H., Weaver, M.T., De La Garza, R., Suchting, R., Nerumalla, C.S.,
Omar, Y. et al. (2018) Comparison of three measurement models of
discounting among individuals with methamphetamine use disor-
der. The American Journal on Addictions, 27(5), 425-432. Available
from: https://doi.org/10.1111/ajad.12761

Yurasek, A.M., Aston, E.R. & Metrik, J. (2017) Co-use of alcohol and can-
nabis: a review. Current Addiction Reports, 4(2), 184-193. Available
from: https://doi.org/10.1007/s40429-017-0149-8

Yurasek, A.M., Murphy, J.G., Clawson, A.H., Dennhardt, A.A. &
MacKillop, J. (2013) Smokers report greater demand for alcohol on
a behavioral economic purchase task. Journal of Studies on Alcohol
and Drugs, 74(4), 626-634. Available from: https://doi.org/10.
15288/jsad.2013.74.626

How to cite this article: Garcia-Pérez, A., Gonzélez-Roz, A.,
Secades-Villa, R., Aonso-Diego, G., Weidberg, S. & Yoon, J.H.
(2025) Assessment of contextualized reinforcement pathology
in a community sample of young adult substance users.
Alcohol: Clinical and Experimental Research, 49, 1263-1272.
Available from: https://doi.org/10.1111/acer.70050

95UB017 SUOWIWIOD aA11e81D) 3ol jdde ay) Aq peusenob ase sooile VO 88N JO o[l 1oy Akeid1T8UIIUQ AB]IAA UO (SUONIPUCO-PUR-SWISIALIOD"AB | 1M Afe.d1|Bul [UO//ScY) SUORIPUOD pue sWwie 1 8y} 88S *[9202/50/02] Uo Akeiqiauljuo AB|im ‘0sned 8 eLeISIAIUN €39101q19 A 0S00L 8% /TTTT'OT/I0P/W0D" A8 1M Aleiq1pul|uo//Stny Wouy papeojumoqd ‘9 ‘520z ‘GLTLE66Z


https://doi.org/10.1016/j.drugalcdep.2021.109082
https://doi.org/10.1016/j.drugalcdep.2021.109082
https://doi.org/10.1037/pha0000369
https://doi.org/10.1037/pha0000469
https://doi.org/10.1007/s00213-021-05993-7
https://doi.org/10.1007/s00213-021-05993-7
https://doi.org/10.1111/j.1360-0443.2012.03843.x
https://doi.org/10.1111/j.1360-0443.2012.03843.x
https://doi.org/10.1037/a0023033
https://doi.org/10.1037/a0023033
https://doi.org/10.1016/j.beproc.2021.104339
https://doi.org/10.1016/j.beproc.2021.104339
https://doi.org/10.1080/08897077.2019.1671939
https://doi.org/10.1016/j.cpr.2011.12.002
https://doi.org/10.1016/j.addbeh.2024.108123
https://doi.org/10.1016/j.addbeh.2024.108123
https://doi.org/10.1016/j.drugalcdep.2022.109570
https://doi.org/10.1016/j.drugalcdep.2020.107986
https://doi.org/10.1016/j.drugalcdep.2020.107986
https://doi.org/10.1037/pha0000020
https://doi.org/10.1037/pha0000020
https://www.samhsa.gov/data/report/2022-nsduh-annual-national-report
https://www.samhsa.gov/data/report/2022-nsduh-annual-national-report
https://doi.org/10.1177/0163278714521812
https://doi.org/10.1177/0163278714521812
https://doi.org/10.1111/ajad.12761
https://doi.org/10.1007/s40429-017-0149-8
https://doi.org/10.15288/jsad.2013.74.626
https://doi.org/10.15288/jsad.2013.74.626
https://doi.org/10.1111/acer.70050

	Assessment of contextualized reinforcement pathology in a community sample of young adult substance users
	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Participants and procedure
	Instruments
	Substance use-related measures
	The Daily Drinking Questionnaire (DDQ)
	The Heaviness of Smoking Index (HSI)
	The Cannabis Use Disorder Identification Test-Revised (CUDIT-R)

	Behavioral economic measures
	Alcohol Purchase Task (APT)
	Delay discounting (DD)
	Adolescent Reinforcement Survey Schedule – Substance Use Version (ARSS-SUV)


	Data analysis

	RESULTS
	Sociodemographic differences across groups
	Contextualized reinforcer pathology

	DISCUSSION
	CONCLUSIONS AND IMPLICATIONS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES


