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Introduction

According to the Diagnostic and Statistical
Manual of Mental Disorders (DSM-5), the
substance use disorders are a cluster of cognitive,
behavioral, and physiological symptoms indicating
that the individual continues using the substance
despite significant substance-related problems
(American Psychiatric Association, 2013). The
severity of physical and mental health
complications depends on the kind of drug and the
brain development state, especially the drug use
during the adolescence (Giedd, 2015; Peeters et

al., 2015). In the adolescence important cognitive
functions mature such as executive functions
(working memory, updating, attention, shifting, and
response inhibition), and this development
continues to mature until the late adolescence
(Casey, Getz, & Galvan, 2008; Peeters et al,
2015).

The exposure to drug usage during
adolescence may impair different features of
executive functions (Kluwe-Schiavon, Wendt Viola,
Sanvicente-Vieira, Pezzi, & Grassi-Oliveira, 2016;
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Pope, Boomhower, Hutsell, Teixeira, & Newland,
2016). It has been shown that substance users
and abusers demonstrate extreme valuation of the
small immediate rewards over the large later
reward (Bickel, Jarmolowicz, Mueller, &
Gatchalian, 2011). This tendency for the
immediate reward has been found in adolescents-
abusers of cigarettes, alcohol, and marijuana
(Imhoff, Harris, Weiser, & Reynolds, 2014; Kim-
Spoon, McCullough, Bickel, Farley, & Longo,
2015; Reynolds & Fields, 2012; Stanger et al.,
2012). In order to understand this chosen
tendency, some studies have argued the
competing neural systems hypothesis, where one
system, labeled “impulsive” competes with the
system labeled “reflective or executive” (Bickel et
al., 2007; Droutman et al., 2019). The elevated
impulsive system activation associated implies
disruption in the balance between these competing
decision systems, resulting in steep discounting of
delayed rewards (Bickel et al., 2011; Hester,
Lubman, & Yucel, 2009). Several studies have
indicated that adults with substance use disorders
discount delay rewards steeper than individuals
without use disorder (Gowin, Sloan, Ramchandani,
Paulus, & Lane, 2018; MacKillop, Amulung, Few,
Ray, Sweet, & Munafé, 2011). In order to confirm
the competing neural systems hypothesis in
several mental disorders, current literature has
shown that low performance in executive tasks is
correlated with steep discounting rates (Aranovich,
McClure, Fryer, & Mathalon, 2016; Malesza &
Ostaszewski, 2016), and some studies did not find
any correlation between them (Olson, Hooper,
Collins, & Luciana, 2007; Sheffer et al., 2012).

Few studies have considered to use gains,
losses and probability discounting procedures to
provide more relevant information to understand
decision-making processes in clinical and
community samples. For example, it has been
found that opioid dependent participants have
shown a steeper probability discounting of gains
and losses in contrast with the control group,
indicating that patients make riskier decisions to
avoid a loss compared to controls (Garami &
Moustafa, 2019).

In addition, it has been found that the acute
effects of the methamphetamine improve cognitive
performance (attention, and Inhibition), however,
some meta-analysis have shown that long-term
effects have been observed on a minority of
cognitive measures (visuospatial perception,

attention, inhibition, working memory, and long-
term memory; Hart, Marvin, Silver, & Smith, 2012).

In order to contribute to clarify the effects of
methamphetamine use (meth-use) and
development on executive and making decisions
tasks, the current study was aimed to evaluate the
performance in three executive tasks (shifting,
updating and inhibition), and four discounting tasks
(delay and probability) of gains and losses
manipulating delays, and probabilities by meth-
users and non-users. The current work contrasted
the performance among adolescents and adults
(meth-users and non-users). It was hypothesized
that meth-users had lower score or Ilow
performance than non-users in all the executive
tasks, and the contrast between adolescents and
adults, adolescents could tend to have lower score
in general, due the developmental process.

Method

Participants

We worked with 72 men, inner the sample 40
adults (age: M = 26.90, SD = 8.60): 20 Non-users
and 20 Meth-users; 32 adolescents (age: M =
13.75, SD = 2.94); 20 Non-users and 12 Meth-
users. The meth-users participants were recruited
from a residential addiction treatment center in a
city in the south of Sonora. Controls were students
at the community college, elementary school or
friends and relatives of psychology students.
Students enrolled in a psychology course received
extra credit for their participation. All participants
were currently living in the greater metropolitan
area of the city. The protocol was approved by the
Institutional Review Board of the Sonora Institute
of Technology (ID 37). Additionally, all participants
provided written informed consent in accordance
with the Declaration of Helsinki, and they were not
compensated with money for their participation.
The informed consent provided assessments
blinded to the study hypotheses and groupings.
Recent drug usage in all of the samples was
confirmed using urinalysis.

Measures
Inclusion criteria assessment.
Montreal Cognitive Assessment Test

(MoCA). We used the MoCA to detect mild
cognitive impairment (MCI) and dementia. The
cutoff point for discriminating between normality
and MCI in the group in general was < 20/21 and
between MCI and dementia < 17/18, according to
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the Spanish- speaking in Mexican population with
varied levels of education (Zhou et al., 2015). All
the participants in this study had a score = 18
points. We used this test to detect cognitive
impairments that can affect the executive and
discounting tasks.

Drug Abuse Screening Test (DAST-20).
Participants from the treatment centers were
contacted during their second week in the
residential program. During the psychological
session, we determined initial eligibility. We
screened them for drug dependence using the
Spanish version of the DAST-20 (Villalobos-
Gallegos, Pérez-Lopez, Mendoza-Hassey, Graue-
Moreno, & Marin-Navarrete, 2015). The DAST-20
questionnaire measures the severity of the drug
usage with a score of 11 or greater indicating
substantial and severe dependence, and this
score is analog to moderate and severe
dependence according to DSM-5. We consider
control group with zero score in this test.

Mini International Neuropsychiatric
Interview (MINI PLUS). The MINI PLUS was used
to evaluate gambling, schizophrenia or other
psychotic disorders or bipolar disorder as defined
according to the DSM-5, a score higher than 3 is
related to have the disorder (Sheehan, Lecrubier,
& Sheehan, 1998). All the participants in the study
had a score lower than 3 points in each disorder.

Withdrawal symptoms assessment.

The symptom checklist (SCL 90). The
symptom  checklist evaluates somatization,
depression, anxiety, psychosis, and global
severity. We chose these subscales were
according to the DSM-5 (APA, 2013) related with
symptomatology derived from intoxication and
withdrawal syndrome due to
the Methamphetamines use (Cruz Fuentes, Lopez
Bello, Blas Garcia, Gonzalez Macias, & Chavez
Balderas, 2005). We used this test to control the
effect of withdrawal on cognitive tasks.

Discounting Tasks.

All of the delay and probability discounting
tasks used an adjusting-amount procedure that
converges on the amount of an immediate, certain
outcome that is equal in subjective value to a
delayed or probabilistic outcome (for a detailed
description, see Du, Green, & Myerson, 2002). For
the discounting tasks involving ~monetary
outcomes, participants made five choices at each
delay or probability. For the delay discounting
tasks, there were five delays: one week, one

month, six months, one year, and three years. For
the probability discounting tasks, there were five
probabilities, expressed as the percent chance:
90%, 75%, 50%, 25%, and 10%. Participants were
individually tested on computerized delay and
probability discounting tasks with twelve types of
hypothetical delayed and probabilistic outcomes: a
$3000 gain (in pesos; approximately 20 Mexican
pesos per U.S. dollar at the time of the study), and
the same amount in losses condition.

Executive functions tasks.

Updating. We used the subscale similarities
of WAIS 1V for adults and WISC IV for adolescents
(Verdejo-Garcia & Bechara, 2010). This task asks
the participants to describe how two concepts are
similar. The semantic and abstract information
increase with the trials. The performance is
measured by correct response for each similarities
stimulus.

Inhibition. The 5-digit test is a conflict-based
task, composed of 4 subtests. In the four cases,
performance is measured in terms of the time
required to complete each task (for a detailed
description, see Sedo, 2005).

Shifting. The test Cognitive Flexibility
Changes is a graphic type test that consists of 27
items that contain geometric figures. The

performance is measured by correct responses to
identify the changes in the figures (Seisdedos
Cubero, 1994).

Procedure

Once we got the authorization in the
institutions (school, college and rehab drug
center), the participants were referred to the
researchers, and we work with each participant in
the assigned psychology office by the college and
rehab drug centers. When we determined that the
participants met the inclusion criteria (MoCA,
DAST-20, MINI PLUS), then we explained the
informed consent, we assigned a folio, and we
applied the SCL-90. In order to control carry-over
effects, half of the participants in each group
completed the discounting tasks first, and the
other half completed the Executive tasks first. The
all-time spent during the evaluation was 90
minutes by participant.

Statistical analysis

This study used a cross-sectional design.
Following data screening, frequencies, means,
and standard deviations were calculated for all
sample characteristics and questionnaire scores.
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Fisher's exact test was used to assess group
differences in age, and chi-squared tests were
used to assess group differences in education and
income. For each participant, the Area under the
Discounting Curve (AuC) was used for each type
of delayed and probabilistic outcome (for a
detailed description, see Myerson, Green, &
Warusawitharana, 2001).

We calculated individual (meths and no-meths
groups) the average scores in the global severity
index of SCL 90. In the shifting task, it was
calculated the numbers of hits by each participant.
The updating, it was calculated the numbers of
hits. The inhibition test, we have the reaction time
in the four subtests of the task. We carried out a
normality analysis (Kolmogorov-Smirnov test and
Shapiro-Wilk test) and homogeneity of variances
(Levene test) for each variable to determinate
whether to use the parametric or nonparametric
test of correlation and intergroup comparison. Due
to the normality results, we decided to use a
nonparametric test. The nonparametric version of
the one-way ANOVA (Kruskal-Wallis test) was
performed for independent samples to contrast
meths groups and control groups in each
dependent measure (AuC, Shifting, Updating and
Inhibition).

Finally, the dependent measures were
correlated among them. According to that
correlation, we decided to build a decision tree
model using the Classification and Regression
Trees CART algorithm to predict the belonging of
the groups. In each node, it is described decision
rules, the number of cases, the probability of the
cases and the Gini index. Lower Gini indexes
suggest higher information gain or uncertainty
reduction. The predicted group is found in the
leaves of each last node.

The statistical analyses were performed using

Results

In the Group characteristics variables, the
adolescent groups: meth-users and non-users
differed with respect to age (p < .001) as it is
expected. All participants had at least completed
junior high school (eighth grade), and the meth-
user adults differed from the non-user adults in the
income (p = .001; see Table 1).

In the MoCA test, all participants showed a
score higher than 19. Non-user adults showed the
highest median scores (Mdn = 26) in contrast with
the other groups: meth-user adolescents (Mdn =
24.5), meth-user adults (Mdn = 23.5), and non-
user adolescents (Mdn = 22). It was found
significant differences among the four groups (X? =
13.3, df = 3, p = .004). Planned comparisons
revealed that non-user adolescents had a lower
score than non-user adults (z = 77.5, p = .001). In
the DAST test, Meth-users (Adolescents Mdn =
13; Adults Mdn = 16.5) scored higher than non-
users (Adolescents, Mdn = 0; Adults, Mdn = 0),
this difference was significant (X*> = 60.5, df = 3, p
< .001). Finally, the median of SCL-90 score was
lower for non-user adolescents (Mdn = 23.5) than
the meth-user groups (adults Mdn = 43.5, and
adolescents Mdn = 49.5) and non-user adults
(Mdn = 55.5). However, these differences were not
significant among the groups (X*=5.3,df =3, p =
14).

In the delay gain task, it was found significant
differences among the groups (X* =8.7, df =3, p =
.033). Planned comparisons showed differences
between the non-user adults and meth-user
adolescents (z = -3.24, p = .010), others planned
comparisons had ps > 0.28.

Regarding the delay losses task, it was
observed variability in the AuC, and no significant
differences were observed among the groups (X2

JASP and MATLAB. = .074, df = 3, p = .99).
Table 1.
Group characteristics

Non-user Meth-user Non-user Meth-user

Adolescents Adolescents Adults Adults

N 20 12 20 20
Age M(SD) 13(0.97)b 16(1.2)° 25.2(7.2) 28.6(9.6)
Education Junior high school Junior high school Some HS Some HS
Monthly income Mdn $0 $0 $4.0-$6.0K $2.5K-$4.0KP
DAST-202 M(SD) 0(0) 12.7(3.0) 0.8(1.1) 16.3(5.1)
MoCA test M(SD) 22.4(2.0)b 24.5(2.4) 26.0(3.4) 23.9(2.8)

Note. aMax = 20, "Differs significantly from the controls (see text for details).
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In probabilistic gain task, the median of the meth-
user groups was lower than the non-user groups.
Even so, there were no
significant differences among the groups (X? =
2.55, df = 3, p = .46). In the probabilistic losses
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task, again the median of the meth-user groups
was lower than the non-user groups. However,
there were no significant differences among the
groups (X? = 2.97, df = 3, p = .39; see Figure 1).
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Figure 1. Distribution and the median of the normalized AuC in the different discounting
tasks for each group. Each point represents a participant, while the lines represent the

median of the scores for each group.

In the inhibition test, it was observed
significant differences among the four groups (X =
19.11, df = 3, p < .001). Planned comparisons
revealed that non-user adolescents had a higher
score than meth-user adults (z = 2.93, p = .023),
others planned comparisons had ps > .10.
Regarding the shifting test, non-user adults (Mdn =
19), and meth-user adults (Mdn = 19.5) tended to
score higher than non-users (Mdn = 11), and
meth-users  adolescents (Mdn = 14.5).
Nevertheless, no significant differences were
found among the groups (X*> = 7.2, df = 3, p =

.066). Finally updating, non-users (Mdn = 11), and
meth-user adults (Mdn = 9) tended to score higher
than non-users (Mdn = 8), and meth-users
adolescents (Mdn = 6.5). It was found significant
differences among the groups (X*=7.8,df =3, p =
.050). Planned comparisons showed differences
between meth-users adults and meth-users
adolescents (z = -3.05, p = .017), others planned
comparisons had ps > .20 (See Figure 2).

The decisions tree showed that the factors that
best classify the participants was inhibition,
updating and probability gain task (See Figure 3).
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Figure 2. Distribution of the sample in the variables Inhibition, Shifting, Updating. Each point represents a
participant, while the lines represent the median of the scores for each group.

The results showed that scores = 34.6 in
inhibiton and AuC = .08 suggested that the
participants belonged to non-user adolescents (IG
= .36, IG = .26). The scores < 34.6 in inhibition and
updating = 13 suggested that the participants
belonged to the non-user adults (IG = 0). Finally,
scores < 34 in inhibition and updating <
13 suggested that the participants belonged to the
meth-user adults (IG = .23). Given the number of
splits, the decision tree was not able to predict the
meth-user adolescents. A more complex model
could predict meth-user adolescents, but it would

Inhibition

<346 >34.6

N=32 N=40

lg=.28 Ig=.36
Updating Probability Gain
<13 =13 <.08 >.08
N=28 N=4 N=8 N=32
ig=.23 lg=0 lg = .06 Ig=.26

Adults Adults Adults Adolescents
Meth-Users Non-Users Meth-Users Non-Users

be less intelligible.

Figure 3. Decision tree using executive functions and
AuC in delay discounting tasks.

In order to evaluate the factors that predict
better the adolescent groups, a decision tree
showed that scores 2 34.5 in inhibition predict non-
user adolescents (IG = .20) and scores < 34.5 in
inhibition predicted meth-users adolescent (IG = 0;
See Figure 4).

Inhibition
<345 2345

N=8 N=24
lg=0 Ig=.20

Adolescents
Meth-Users

Adolescents
Non-Users

Figure 4. Decision tree using the scores in executive
functions and AuC in delay discounting tasks of
adolescents.

Regarding the factors that predicted non-users
and meth-user adults, the results showed that
scores < 13 in updating and AuC < .14 suggested
that the participants belonged to the meth-user
adults (IG = .04), while scores = 13 in updating
and AuC = .14 suggested that the participants
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belonged to the non-user adults (IG = .24) (See
Figure 5).

Updating
<13 213
N=32 N=8
lg=.38 lg=0

Probability Gain

<.14 >.14
N=12 N=20
Ig=.04 Ig=.24

Adults Adults
Meth-Users Non-Users

Figure 5. Decision tree using the scores in executive
functions and AuC in delay discounting tasks of adults.

Discussion

The current work compared meth-users and
non-users (adolescents and adults) with several
behavioral tasks. It was hypothesized that meth-
users had lower score than non-users in all the
behavioral tasks. In addition, it was suggested that
the adolescents tended to have lower score in
general, due the developmental process.

In the discounting paradigm, it was used four
types of hypothetical delayed and probabilistic
outcomes (gains and losses). In regards to
delayed gain outcome, the meth-user adolescents
discounted steeper than the non-user adults. We
did not expect few differences among the groups,
considering the well-established evidence where
drug users had steeper delay discounting of gains
(Bickel et al., 2011; Gowin et al., 2018; MacKillop
et al., 2011). No group differences were observed
in regards to the delay discounting of losses. In
this point we expected to find some pattern in the
groups to understand decision making process of
losses. The delay discounting of losses has been
identified as a different process in contrast with
delayed gains and probabilistic gains, and no
difference between drug users and controls
(Myerson, Green, van den Berk-Clark, & Grucza,
2015) such as the current study. We confirmed the
importance to make a qualitative analysis such as

previous studies (Myerson, Baumann, & Green,
2017).

In the probability discounting of gains and
losses, this finding correlates with previous
studies, where probability discounting seems not
to be related with substance users and abusers
(Johnson, M., Johnson, Hermann, & Sweeney,
2015). Nevertheless, probabilistic gain task was a
good predictor to identify meth-user adults, which
could imply the assumption of the complexity of a
probabilistic task where some basic process such
as executive tasks, need to be functioning to
escalate a more complex task (Stuss & Levine,
2002). With the probabilistic gain task, it is
possible to reduce the incertitude to identify non-
users adolescents in the first decision tree with all
the sample. In the decision tree only with
adolescent groups, the inhibition task provides
more information while in the decision tree with
adult groups probability of gains reduce the
incertitude to identify non-users. This analysis
could imply that the skills to interact in complex
task are the most affected with meth-use.

Several manipulations in the discounting tasks
give evidence of the complexity of the decision-
making process. The delay discounting of gains
could contribute to understand one part of the
process. Nevertheless, in future research, we
consider important to evaluate the quantity of
alcohol and tobacco use in the non-use groups.
Several studies have shown the effect of legal
drugs on discounting rates (Gowin et al., 2018;
MacKillop et al., 2011). In this point, we suggest to
evaluate comorbidity disorders with substance use
disorders, some studies have revealed that the
comorbidity in substance use disorders raises the
discounting rates (Moody, Franck, & Bickel, 2016;
Olson et al., 2007; Tian et al., 2018).

We were interested in understand the effects
of meth-use and development on executive and
making decisions tasks. In the current study the
inhibition task showed differences in the
performance of non-users adolescents and meth-
users adults. The decision trees confirmed that the
inhibition process is the key to identify and reduce
incertitude in non-users adolescents. The updating
task was another important predictor in the
decision tree to identify non-users adults. In
contrast, the shifting tasks seems not to predict
and be affected by meth-use.

We measured the meth-use with the DAST
test, we recommend in future studies to increase
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the sample to contrast DAST score on cognitive
tasks, due the fact that mild, moderate and severe
dependence could affect the  cognitive
performance.

Considering in our interest to work with meth-
user adolescents, we expected significant
differences in the demographic variables such as
age, education, and income. Nevertheless, we
recommend in future studies increase the sample
size, evaluate female population, and use
Propensity Score Matching to match more
appropriately the meth-use and non-use groups.

Finally, our general conclusion is the executive
functions Inhibition and Updating could help
understand cognitive issues due to drug usage in
a developing brain. Taken together, and the
discounting tasks are complex cognitive tasks. We
conclude that the current study gives evidence of
the complexity of the decision-making process.
Nevertheless, we need further systematic research
in community and clinical populations with high
levels of comorbidity to develop new theories
about patterns of adaptive and non-adaptive
behavior such as meth-use.
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