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ABSTRACT

Objective: Cannabis, like other substances, negatively affects health, inducing
respiratory problems and mental and cognitive alterations. Memory and learning
disorders, as well as executive dysfunctions, are also neuropsychological disorders
associated to cannabis use. Recent evidence reveals that cannabis use during
adolescence may disrupt the normal development of the brain. This study is aimed
to analyze possible differences between early-onset and late-onset cannabis
consumers.

Method: We used a task based on a card game with four decks and different
programs of gains/losses. A total of 72 subjects (19 women; 53 men) participated
in the study; they were selected through a purposive sampling and divided into
three groups: early-onset consumers, late-onset consumers, and control (non-
consumers). The task used was the “Cartas” program (computerized version based
on the Towa Gambling Task (IGT)), with two versions: direct and inverse. The
computational model “Prospect Valence Learning” (PVL) was applied in order to
describe the decision according to four characteristics: utility, loss aversion, recency,
and consistency.

Results: The results evidence worst performance in the IGT in the early-onset
consumers as compared to late-onset consumers and control. Differences between
groups were also found in the PVL computational model parameters, since the
process of decision making of the early-onset consumers was more influenced by the
magnitude of the gains-losses, and more determined by short-term results without
loss aversion.

Conclusions: Early onset cannabis use may involve decision-making problems, and
therefore intervention programs are necessary in order to reduce the prevalence
and delay the onset of cannabis use among teenagers.

Subjects Neuroscience, Cognitive Disorders, Public Health
Keywords Decision making, lowa gambling task, Prospect valence learning, Age of onset, Cannabis

INTRODUCTION

According to the Spanish Observatory on Drugs and Drug Addiction (2015), cannabis is
the most frequently consumed illegal substance in Spain, and the age of onset is also
the earliest (18.6 years). The use of cannabis is considerably more extended among youth,

How to cite this article Alameda-Bailén et al. (2018), Age of onset of cannabis use and decision making under uncertainty. Peer] 6:¢5201;
DOI 10.7717/peer;j.5201


http://dx.doi.org/10.7717/peerj.5201
mailto:alameda@�uhu.�es
http://https://peerj.com/academic-boards/editors/
http://https://peerj.com/academic-boards/editors/
http://dx.doi.org/10.7717/peerj.5201
http://https://creativecommons.org/licenses/by/4.0/
http://https://creativecommons.org/licenses/by/4.0/
http://peerj.com/

Peer/

and the highest incidence rates occur between 15 and 17 years, reaching 47.0%
(Observatorio Espaiiol de la Droga y las Toxicomanias, 2015). As the age of the population
increases, the use cannabis decreases.

Cannabis, like other substances, negatively affects health, inducing respiratory
problems and mental and cognitive alterations (psychosis, anxiety, dependence, etc.).
Memory and learning disorders (Crane et al., 2013; Jager et al., 2006), and executive
dysfunctions (Alameda-Bailén, Paino-Quesada & Mogedas-Valladares, 2012; Alameda-
Bailén et al., 2014; Crean, Crane ¢ Mason, 2011; Fontes et al., 2011), are also
neuropsychological disorders related to cannabis use. There is some consensus about
the determinants of the short and long-term consequences of cannabis use: age of onset
of consumption, consumption frequency, consumption duration, the amount of
tetrahydrocannabinol in the cannabis, etc. (Volkow et al., 2016). Among these factors, the
age of onset of consumption is currently the most relevant, because the most recent empirical
evidence reveals that cannabis use during adolescence may disrupt the normal development
of the brain. Specifically, cannabis consumption during this period seems to affect
specific brain maturation processes, such as synaptic pruning and the development of white
matter, and therefore the alterations in these processes could lay the foundation for cognitive
and mental health impairments in adulthood (Lubman, Cheetham ¢ Yiicel, 2015).

These results are quite similar to those of other works that highlight that the age of
cannabis use onset and the resulting consumption patterns contribute to the risk of
suffering from mental illnesses, for example psychosis. In this respect, Di Forti et al. (2014)
observed that there are substantial differences in the age of psychosis onset among
consumers who began to use cannabis before age 15 and after that age.

There are different studies that show how the age of onset of consumption affects
cognitive processes (Gruber et al., 2012; Pope et al., 2003; Wilson et al., 2000). Fontes et al.
(2011) highlighted that the early-onset group had worse performance than the late-onset
group in attention tasks, impulse control, and executive function, and thus it can be
concluded that regular consumption before age 15 can have adverse effects on
neurocognitive functioning.

On another hand, Meier et al. (2012) showed in a longitudinal study that the greatest
neuropsychological decline occurred in the adolescent-onset cannabis users, whose
cognitive functions were not restored when they ceased consumption. The results of
Gruber et al. (2012) are congruent with these findings, as a worse performance in the
executive functions (WAIS-R, Stroop, Wisconsin, etc.) was observed in cannabis
consumers with onset before the age of 16.

To sum up, evidence seems to support the idea that adolescence is a period of special
risk, as cannabis use at this stage of development causes adverse reactions that are more
severe and persistent than those related to consumption during adulthood. The
neurotoxic damage of cannabis in the teenager brain could produce in these early-onset
consumers irreversible alterations to the mental health and the cognitive functions.

Among the cognitive functions impaired by cannabis use, the decision-making
processes are the most studied (Alameda-Bailén, Paino-Quesada ¢ Mogedas-Valladares,
2012; Alameda-Bailén et al., 2014; Mogedas-Valladares ¢ Alameda-Bailén, 2011).
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Such processes highlights the somatic marker hypothesis (Damasio, 1994), a research
paradigm in which all the variations of the decision-making processes of the different
communities are evaluated through the Iowa Gambling Task (IGT; Bechara et al., 1994).
IGT simulates a card game that allows studying decision-making processes in uncertain
situations of everyday life in the laboratory. Healthy individuals make more advantageous
choices, however, orbitofrontal damaged patients and people with addictions, among
others, tend to choose cards from the most disadvantageous decks and cannot anticipate
the consequences of their choices because of their difficulties to develop emotional
signals related to the affective value of the different choices (Alameda-Bailén,
Paino-Quesada & Mogedas-Valladares, 2012; Bechara, 2003; Bechara & Damasio, 2002;
Bechara et al., 1997; Bechara, Tranel & Damasio, 2000; Mogedas-Valladares & Alameda-
Bailén, 2011). In people with addictions, these difficulties to anticipate the consequences
of their choices can be a consequence of drugs use, but also the cause of initiating
consumption. According to Bechara, Tranel ¢» Damasio (2000) and Gordillo et al. (2010),
the results of the IGT may be due to three factors:

Hypersensitivity to reward: the perspective of obtaining a large immediate reward is
higher than any chance of loss in the future, and preference for the advantageous decks is
related to high response times.

Insensitivity to punishment: the perspective of a large loss does not invalidate any chance
of obtaining some reward, and preference for the advantageous decks is related to low
response times.

Insensitivity to future consequences: which is a guideline based on immediate perspectives,
and preference for the disadvantageous decks is related to normal response times.

To determine which of these options is more likely, Bechara, Tranel ¢ Damasio (2000)
proposed a version of IGT in which losses now turn into gains, and vice-versa; that is, the
gains/losses structure is reversed. Preference for advantageous decks in the reverse task
is coherent with sensitivity to punishment and hypersensitivity to reward, depending on
the levels of activation associated with losses and gains, respectively. However, the
preference for the disadvantageous decks is consistent with insensitivity to consequences,
as defended by Bechara, Tranel & Damasio (2000), and higher response times, which
is related to high levels of emotional activation. Although there are models (not based
in IGT) that emphasize the importance of reward hypersensitivity, they reflect a pre-
existing vulnerability for addictive behaviors (Alloy et al., 2009; Nusslock ¢ Alloy, 2017),
and therefore reward hypersensitivity should lead to greater substance use and
prospectively put an individual at risk for addiction.

Performance on the IGT can be analyzed by computational cognitive models, such as the
Prospect Valence-Learnig, (PVL) (Ahn et al., 2008, 2011, 2014), complementarily to the
Gambling Index, which enable defining the cognitive mechanisms involved in the decision-
making by four parameters (utility rule, loss aversion, recency, and consistency). The PVL
model, based on Bayesian logic, has three general assumptions (Ahn et al., 2008):
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The evaluation of the positive/negative results can be represented by a one-dimensional
utility function.

Expectancies about each deck are learned by what is experienced in each trial.

These expectancies determine the choice probabilities of each deck on each trial.

The four PVL parameters and the equations to calculate them, are:
To rate a card:

| x(tH)x* —ifx(t) >0
u(t) = { N0 — if x(t) < 0

where:

—Utility Rule or Reward sensitivity (o). This value regulates the shape of the utility
function. High values of o indicate that the person is more sensitive to feedback
outcomes, whereas low values of o indicate low sensitivity to feedback outcomes.
—Loss aversion (A). This value determines sensitivity to losses compared to gains. A A
value less than 1 indicates more sensitivity to gains than to losses, whereas a A value
greater than 1 indicates more sensitivity to losses than to gains.

To create deck expectancy (E), for deck j on trial ¢, the equation is:
E(t) = A-Ej(t — 1) + 6;(t) - u(t)

Where j refers to deck A, B, C, or D. d,(t) is a dummy variable equal to 1 if
deck j was chosen on trial ¢, and otherwise is 0. A is the recency or learning rate
parameter.

—Recency parameter (A). Determines how much the past expectancy is discounted. When
A is close to 0, more weight is granted to past outcomes, and when A is close to 1, more
weight is granted to recent outcomes.

The equation to calculate the probability of choosing Deck j is:

O
PrD(t+1) = | =

4
S ) E(D)
K=1

To calculate the consistency between choices and expectancies, the equation is:
0(t) =3"—1

—Consistency or Response Sensitivity (c) is a consistency parameter (choice sensitivity),
where low values denote a random sensitivity choice, whereas high values show a
deterministic sensitivity choice.

The PVL model has been applied to clinical samples and has allowed the identification
of decision-making patterns in the IGT (Ahn et al., 2008, 2011, 2014; Alameda-Bailén,
Paino-Quesada & Mogedas-Valladares, 2012; Alameda-Bailén et al., 2014, 2017).
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Based on this background, this study aimed to analyze possible differences between
early-onset and late-onset cannabis consumers and compare performance of each group
in the PLV computational model of the IGT. As discussed earlier, different studies show
how the age of onset of consumption affects cognitive processes, especially with early-
onset, which shows a worse task performance, impulse control or executive function.
Therefore, considering that decision making is part of the executive functions, we
expect to find a lower number of advantageous choices in early-onset consumers as
compared to late-onset consumers and controls. Early-onset consumers could take more
risky decisions.

METHOD

Participants

All the participants were degree, Master’s or Doctoral students, as well as University
staff. We collected data on the consumption of cannabis and other drugs in a group of
75 volunteers, to differentiate between the early and late onset cannabis use. A total of
18 participants reported an age of onset of 16 years or less, and from this age we established
the size of the late onset and control group. The groups were matched by sex and education
level, with no significant differences in these variables. A total of 19 women and 53 men,
aged between 18 and 36 years, participated in this study. They were divided into three groups
(n = 18, early-onset cannabis users; n = 18, late-onset cannabis users; n = 36, non-consumers
as control group). Participants had not history of gambling problems, consumption of
alcohol or other significant drugs, and they were not under psychopharmacological treatment.
All participants provided informed consent to participate in the study. The procedure was
carried out in accordance with the recommendations of ethics guidelines of the University of
Huelva and according to the Declaration of Helsinki.

Since the groups were classified by age, we included the condition that the years of
consumption and the daily consume of cannabis cigarettes were not significantly different,
otherwise the early-onset consumers would always show more years of consumption
than the late-onset consumers.

The characteristics of the groups were:

Early-onset cannabis consumers: 18 participants (five women; 13 men), aged between

18 and 24 years (M = 21, SD = 2.01). Four participants had elementary studies, five
had secondary education and nine were university students. The mean duration of
consumption was 5.66 years (SD = 2.40), and consumption was 4.72 cannabis cigarettes
per day (SD = 2.89). We selected participants with an age of onset of cannabis use between
14 and 16 years (M = 15.3, SD = 0.88).

Late-onset cannabis consumers: 18 participants (four women; 14 men), aged between

21 and 36 years (M = 27.55, SD = 3.80). Five participants had elementary studies, five had
secondary education and eight were university students. The mean duration of
consumption was 4.16 years (SD = 2.70), and consumption was 3.83 cannabis cigarettes
per day (SD = 2.75). There were no significant differences either in the duration of
consumption or in the amount consumed between the consumer groups (p > 0.05).
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Figure 1 Screenshot of the Cards program. Full-size K&) DOT: 10.7717/peerj.5201/fig-1

We selected participants with an age of onset of cannabis use between 20 and 28 years
(M =23.3,SD = 3.12).

Control group: 36 participants (10 women; 26 men), aged between 19 and 36 years (M =
24.69, SD = 4.21). Nine participants had elementary studies, eleven had finished secondary
education, and sixteen were university graduates. As the mean age of the consumption
groups (early/late-onset) was different, the control group had twice the number of
participants to match the ages of each group. In addition, we found that there were no
significant differences in any of the study variables, based on the age of the control group.

Task

The software “Cartas” (Palacios, Paino ¢ Alameda, 2010), a computerized version of the
Iowa Gambling Task (Bechara et al., 1994), was used to assess the decision-making
process. The “Cartas” task simulates a card game in which the individual must choose
from four decks across different trials (Fig. 1; Table 1).

After exploring decks, normally we continue choosing the decks that can provide large
gains, although there may be larger losses (approximately, in 30 plays out of 100),
until they switch the strategy and start to select decks that are more beneficial at the long-
term, that is, those with less gain but also with less loss (Martinez-Selva et al., 2006). The task
starts with an imaginary 2,000€, and the participants must try to either increase this
amount or retain it, across 100 plays. A reverse task (EFGH version), in which A-B decks
become advantageous and C-D decks become disadvantageous, was also used in the present
study. In the reverse version, the game is based on frequent losses and occasional gains.

Procedure
The participants were informed of the objectives of the study and they voluntarily
participated in a single individual 15-20-min session. Before starting the task, data about
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Table 1 Gains-loss program and the probability of loss (p*) of each deck in the IGT in a cycle of

10 plays.
Deck Iowa Gambling Task (IGT)
Gain Loss *
A (disadvantageous) 100 150 0.5
300
200
250
350
B (disadvantageous) 100 1,250 0.1
C (advantageous) 50 25 0.5
25
50
75
75
D (advantageous) 50 250 0.1
Note:

Decks A and B provide the highest short-term gains and the highest long-term losses (higher risk). Decks C and D
provide little money at the short term but higher.

age, sex, educational level, and drug use (onset age and the daily amount consumed) were
collected. Participants performed both the classic and the reverse version of the task.
This procedure was conducted in a room provided with all the necessary tools to the
study. After completion the study, an explanation of the obtained results was provided
to all participants under request. Participants were informed that the task objective was
to increase start-up money, but they would not be rewarded with real money, as data
show that there is no difference in IGT performance when using real and fictitious
money (Bowman & Turnbull, 2004), or when participants can keep all or part of the
gains (Bickel et al., 2009; Carter ¢ Pascualini, 2004; Fernie ¢ Tunney, 2006; Schmitt,
Brinkley ¢ Newman, 1999; Suzuki et al., 2003).

Data analysis
SPSS software was used to analyze data of the PVL model of IGT.
The dependent variables used were:

Percentage of advantageous/disadvantageous choices: Choices made in 100 trials, and
the partial percentages in five blocks of 20 trials (blocks B1: trial 1-20, B2: 21-40,
B3: 41-60, B4: 61-80, & B5: 81-100), both in the classic and the reverse task.

The number of cards chosen in each deck (A, B, C, D) in both versions of the task.

The time spent in the selection of the different groups for the advantageous and
disadvantageous choices in the reverse version options.

The PVL parameters: o (utility rule), A (loss aversion), A (recency), c (consistency)

were calculated through a R script, using the maximum likelihood method, MLE

(Ahn et al., 2008), and the decay-rule (Erev ¢» Roth, 1998), as it consistently shows better
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models of post-hoc fit than the delta-rule (Rescorla ¢ Wagner, 1972) with respect to
the IGT (Yechiam et al., 2005).

The independent variable used was the age at onset of cannabis use. The influence of
variables such as sex, age, educational level, daily consumed cannabis cigarettes, and years
of consumption was also analyzed. To analyze the influence of consumption on task
performance and the parameters of the PVL model, Student’s ¢-tests for independent
samples were calculated, comparing the results according to cannabis use. To compare the
evolution across the different blocks in each group, repeated measures analyses of variance
were used.

RESULTS

Normal procedure

The control group made advantageous choices on 60.94% (SD = 5.65, 95% CI [57.8—64.1])
in the total IGT (IG = 21.34), and the late-onset group made 49.78% (SD = 13.07,

95% CI [45.3-54.2] IG = —0.44) but there were no significant differences (¢ (1, 17) = 0.072;
p = 0.943, 95% CI [12.5-13.4]). The early-onset group made advantageous choices

on 32.78% (SD = 11.22, 95% CI [28.3-37.2] IG = —34.44), the differences between this
group and the control group (f (1, 35) = 11.619; p = 0.000, 95% CI [18.1-25.7]) and the
late-onset group (¢ (1, 17) = 6.508; p = 0.000, 95% CI [23.2—45.6]) were significant.
Figure 2 shows the advantageous/disadvantageous choices of the different groups.

The between-group differences observed in the percentages of elections were
significant (F (2, 71) = 53.48, p = 0.000, 77p2 = 0.608). Bonferroni-corrected paired
comparisons also showed significant differences between the control and early-onset
groups (p =.000, 95% CI [21.5-34.9]), the control and late-onset groups (p = 0.000, 95%
CI [45.0-17.9]), and the late-onset and early-onset groups (p = 0.000, 95% CI [9.3-24.7]).

In the block analysis, the advantageous choices of the early-onset group were lower
than the disadvantageous choices throughout the five blocks (Table 2; Fig. 3), whereas the
advantageous choices were detected in the third block in the late-onset group, with an
increasing trend to such choices. The control group showed an increasing trend to
advantageous choices in the second block.

The analyses of the advantageous choices in the different groups throughout the blocks
(B1-B5) (Table 2; Fig. 3) showed significant differences between the early-onset
consumers and the other two groups in the B1. In the B2 there were significant differences
between the control group and the early-onset consumers. In the B3 there were
significant differences between the early-onset consumers and the control group, and
between the early-onset and late-onset consumers. In the B4 there were significant
differences between both groups of consumers, and between the control and consumer
groups (early and late onset). In the B5, significant differences were observed between
consumers and the control group.

Repeated measures ANOVA revealed differences in the scores of the different blocks
(F (4, 68) = 13,943, p = 0.000, np2 = 0.451). Analyzing each group independently, the
early-onset group showed significant differences between blocks (F (4, 14) = 4.546;
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Figure 2 Graph of advantageous/disadvantageous choices in total task.
Full-size K] DOTI: 10.7717/peerj.5201/fig-2

Table 2 Descriptive and statistical analysis of the percentage of the number of selections from the advantageous decks in different blocks.

Early onset (EO) Late onset (LO) Control (C) EO-LO EO-C LO-C
df (1, 34) df (1, 52) df (1, 52)

M SD Range M SD Range M SD Range t p t P’ t p’
B1 26.39 15.32 10-55 40.83 18.01 10-70 43.61 16.15 10-80 2.592 0.031 3.756 0.002 0.573 1
B2 35.28 17.61 15-80 46.94 20.73 05-95 59.44 19.45 00-100 1.820 0.224 4.437 0.000 2.178 0.085
B3 28.61 15.51 05-65 51.94 23.77 05-100 61.53 21.51 00-100 3.488 0.004 5.774 0.000 1.490 0.346
B4 32.50 15.74 10-60 55.00 18.79 35-100 69.44 19.08 35-100 3.895 0.001 7.088 0.000 2.636 0.023
B5 41.11 17.03 20-70 55,56 17.17 30-85 70.69 15.45 50-100 2.291 0.057 6.411 0.000 3.571 0.002

Note:

* The p-value has been corrected by the Bonferroni adjustment for multiple comparisons.

p =0.015, 77p2 = 0.565), and Bonferroni-corrected comparisons showed significant
differences between B1 and B5 (p = 0.010, 95% CI [3.0-29.2]). Comparisons revealed that
there were no differences in the late-onset consumers (F (4, 14) = 1.804; p = 0.184, np2 =
0.340) and therefore the slight increasing trend was not confirmed in this group. Finally, in
the control group, significant differences were observed across the blocks (F (4, 32) =
11.623; p = 0.000, np2 = 0.592). Bonferroni-corrected comparisons revealed significant
differences between B1 and the other blocks (B1-B2, p = 0.008, 95% CI [3.3-32.2]);
B1-B3, p = 0.011, 95% CI [2.9-34.6]; B1-B4, p = 0.000, 95% CI [13.5-40.7] and B1-B5,
p = 0.000, 95% CI [16.2-41.8]), and between B2 and B5, (p = 0.036, 95% CI [0.5-22.0]).
Table 3 shows the results obtained for the parameters of the PVL model, where no
significant differences were found between the groups in consistency (c: F (2, 69) =
0.804, p = 0.452), with values in each group close to 1. These results indicate little
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Figure 3 Graphic representation of the advantageous choices across the blocks.
Full-size &) DOI: 10.7717/peerj.5201/fig-3

Table 3 Descriptive and statistical analysis of the PVL parameters.

Early onset (EO) Late onset (LO) Control (C) EO-LO EO-C LO-C
df (1, 34) df (1, 52) df (1, 52)

M SD Range M SD Range M SD Range t p* t P’ t p*
A 0.69 0.38 0-1 0.38 0.38 0-1 0.41 0.39 0-1 2.420 0.059 2.452 0.048 0.288 1
o 0.86 0.24 0.3-1 0.58 0.43 0.1-1 0.36 0.35 0.1-1 2.375 0.064 5.374 0.000 2.027 0.094
C 1 1.03 0.1-5 1.57 1.39 0.1-5 1.45 1.64 0.1-5 1.399 0.727 1.047 0.887 0.279 1
A 0.03 0.05 0.1-0.22 1.33 2.04 0.1-5 2.72 1.94 0.1-5 2.704 0.077 5.866 0.000 2.448 0.019

Note:

The p-value has been corrected by the Bonferroni adjustment for multiple comparisons.

coherence between expectations and the final choice, that is, the choice of the deck

was random.

There were significant differences in the factor group in loss aversion (A: F (2, 69) =

15.414, p = 0.000). In early-onset consumers, A value was close to 0, which indicates

that this group perceived losses as neutral events, that is, this group showed more

sensitivity to gains than to losses, and there was no loss aversion. In late-onset consumers,

A value was close to 1, which suggests that losses and gains were considered equally,

whereas in the control group, A value was greater than 1, indicating more sensitivity

to losses than to gains, and loss aversion (Fig. 4).
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Figure 4 Graphic representation and mean differences of PVL model parameters in the three groups
of participants. Full-size 4] DOT: 10.7717/peerj.5201/fig-4

Regarding the shape of the utility function (o F (2, 69) = 12.258, p = 0.000), the early-
onset and late-onset consumers showed an o value close to 1, suggesting that their choices
were more sensitive to feedback outcomes, whereas in the control group, the o value
indicated a low sensitivity to feedback outcomes.

The early-onset consumers showed higher values in recency (A: F (2, 69) = 3.743,
p=0.029), close to 1, which suggests that the value of the last card had a large influence on
the expectation created by that deck, and consequently all the previous choices were
forgotten, and more weight was granted to recent outcomes. However, in the control
group and the late-onset consumers, with A scores close to 0, the value of the
previous performance had little influence on the expectation created by the decks,
with previous experiences prevailing, so forgetting was a slower process, and more weight
was granted to past outcomes.

Inverse procedure
The results observed in the classic version (ABCD) of the IGT may be due to hypersensitivity
to reward, insensitivity to punishment, or insensitivity to future consequences (Bechara,
Tranel & Damasio, 2000). Preference in the reverse task for the disadvantageous decks is
related to insensitivity to punishment when low response times are obtained and to
hypersensitivity to reward with high response times (Gordillo et al., 2010). Preference for
the unfavorable decks is consistent with insensitivity to consequences ( Gordillo et al., 2010),
which is the option argued by Bechara, Tranel ¢» Damasio (2000).

In the total IGT-inverse performance, the control group made advantageous choices
on 51% (SD = 16.70, 95% CI [45.3-56.0] IG = 2), versus 54.72% (SD = 14.54, 95%
CI [47.2-62.3] IG = 9.44) of the late-onset group and 42.722% (SD = 10.77, 95%
CI [34.7-49.8] IG = —14.556) of the early-onset group. Comparing the results obtained
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Table 4 Descriptive and statistical analysis of the measurements recorded in each block of the reverse task.

Early onset (EO) Late onset (LO) Control (C) EO-LO EO-C LO-C
df (1, 34) df (1, 52) df (1, 52)

M SD Range M SD Range M SD Range ¢ P’ t P t P’
B1 46.39 17.81 25-100 58.61 22.02 30-100 46.53 22.32 0-100 1.831 0.265 0.023 1 1.884 0.158
B2 44.17 16.11 0—65 60.56 26.06 15-100 50.28 30.26 0-100 2.270 0.200 0.799 1 1.230 0.544
B3 35.83 17.17  0-60 57.50 25.74  20-100 52.08 29.87 0-100 2.971 0.047 2.133 0.106 0.656 1
B4 41.94 19.19 10-80 52.22 18.73 15-85 46.67 30.71 0-100 1.627 0.698 0.595 1 0.703 1
B5 42.78 14.58 0-65 44.72 16.40 20-70 51 28.15 0-100 0.376 1 0.941 0.639 0.656 1

Note:

* The p-value has been corrected by the Bonferroni adjustment for multiple comparisons.

in the inverse task with the normal task, we observe that late-onset consumers improve
in their advantageous choices, going from 32.78% to 42.72%, resulting in this significant
increase (t (1, 17) = 3.779, p = 0.001), although again this group showed the lowest
scores, predominantly with disadvantageous choices. The late-onset group also increase
their advantageous choices, going from 49.78% to 54.72%, but this increase is not
significant (¢ (1, 17) = 1.953, p = 0.067), while the control group decrease your
advantageous choices, going from 60.94% to 51% (t (1, 35) = 4.666, p = 0.000).

The differences observed in the percentages of advantageous choices of inverse task
were not significant (F (2, 71) = 2.903, p = 0.062, nP2 = 0.078). The Bonferroni-corrected
comparisons showed no significant differences (p > 0.05).

Table 4 shows the descriptive statistics for the different blocks of the reverse task.
Differences between the early-onset and late-onset consumers were found only in the B3.

In the task evolution (Fig. 5), a declining trend in the late-onset consumers was
found, whereas the early-onset consumers also showed a declining trend in the first block,
and an increasing trend in the last block, but when the task was completed, there were fewer
advantageous choices than those made at the beginning. The control group showed an
increasing tendency in the three first blocks. However, these trends were not confirmed by
the repeated measures ANOVA (F (4, 67) = 0.296, p = 0.880, npz = 0.017), because no
significant between-group differences were found in the evolution of the task.

With respect to the parameters of the PVL model (Table 5), no significant differences
in any of the parameters were found for the different groups, indicating a similar
performance in each group. Very high A values were obtained in all the groups, which
seems to confirm loss aversion. The shape of the utility showed values tending towards
1 in all the groups, suggesting that the choices were conditioned by the gains-losses
magnitude. With respect to recency (A), the values of all the groups were close to 0,
indicating that the last choice made did not affect the next one, forgetting was more
gradual, and previous experiences prevailed. The consistency parameters (¢) revealed
random choices.

Figure 6 shows the response times of the consumer groups and the control group in
the IGT, with higher response times for consumers in the advantageous choices.
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Figure 5 Advantageous choices across the inverse task.
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Table 5 Descriptive and statistical analysis of the PVL parameters in the reverse task.

Early onset (EO) Late onset (LO) Control (C) EO-LO EO-C LO-C
df (1, 34) df (1, 52) df (1, 52)
M SD Range M SD Range M SD Range t P’ t P’ t P’
A 0.26 0.269 0-1 0.47 0.35 0-1 0.35 0.32 0-1 2.058 0.133 1.108 0.878 1.250 0.589
o 0.75 0.364 0-1 0.63 0.43 0-1 0.73 0.37 0-1 0.913 1 0.114 1 0.973 0.979
C 0.68 1.12 0-5 0.93 1.13 0—4 0.98 0.98 0-5 0.655 1 0.994 1 0.165 1
A 3.04 2.15 0-5 2.33 2.09 0-5 2.22 2.15 0-5 1.008 1 1.318 0.568 0.169 1

Note:
* The p-value has been corrected by the Bonferroni adjustment for multiple comparisons.

No significant differences were found respect to the sex, age, educational level, daily

consumption and years of consumption factors, in both versions of the task.

DISCUSSION

In the classic procedure of the task, cannabis consumers obtained worse results than the

control group, both in the set of the task and in the evolution of the task, with early-onset

consumers obtaining the worst results. The control group and late-onset consumers

started the task with similar values, and with the passage of time the control group

increased their scores much more than the late-onset consumers, whereas the early-onset
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Figure 6 Response latency in advantageous choices (A) and disadvantageous choices (B) across the
inverse task. Full-size K&l DOI: 10.7717/peerj.5201/fig-6

consumers showed lower percentages of advantageous choices. The performance of the
early-onset consumers was worse, which indicates that the control group and the late-
onset consumers were more efficient in the examination of the characteristics of the
previous four decks (Dunn, Dalgleish ¢ Lawrence, 2006). Performance of consumers
was better in the reverse task compared to the normal task, but this finding was no
found in the control group. In the PVL parameters of the classic task, no differences were
observed between the early-onset and late-onset consumers. Significant differences

were found in the parameters A, o and A between the control group and the early-onset
consumers. Significant differences in A values were also found between the control
group and the late-onset consumers. In the inverse task, there were no significant
differences in any of the PVL parameters.

The performance of the control group showed a favorable pattern of the decision-
making process in the classic task, whereas this increase was lower in the consumers.
The early-onset consumers always made more disadvantageous choices than
advantageous. However, the late-onset consumers showed more advantageous choices
from the third block, although choices were always lower than those of the control group.
These results are congruent with other works that found a relationship between drug
use and alterations in the decision-making process (Ahn et al., 2008, 2011, 2014;
Alameda-Bailén, Paino-Quesada ¢ Mogedas-Valladares, 2012; Bechara ¢ Damasio, 2002;
Bechara, Dolan ¢ Hindes, 2002; Bechara et al., 2001; Bolla et al., 2005; Grant, Conttoreggi ¢
London, 2000, Mogedas-Valladares & Alameda-Bailén, 2011; Vélez, Borja &
Ostrosky-Solis, 2010; Whitlow et al., 2004).

It can be concluded that the control group “learned” how the test works, and from the
first block they showed their preference for the advantageous decks. On the contrary,
cannabis users spent more time trying to distinguish the positive-negative characteristics
of the different decks, probably due to their difficulty in using emotional signals when
they must evaluate different response options. This limitation makes the task of assessing
the positive-negative effects of the choices more difficult, causing either hypersensitivity
to instant reward or insensitivity to punishment, according to Bechara ¢» Damasio (2002)
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and Damasio (1994). Our results coincide in revealing hypersensitivity to instant
reward (insensitivity to punishment) in late-onset consumers, although we also observed
insensitivity to future consequences in early-onset consumers, which may be related to
work memory or impulsiveness alterations. On the other hand, we did not find reward
hypersensitivity in any of the groups (Alloy et al., 2009; Nusslock ¢ Alloy, 2017).

Other authors suggest that the above mentioned decision-making alterations are due
the difficulty to establish stimulus-reward relationships or to eradicate previously learnt
responses. That is, consumers have problems reverting former learning, which could
modify or eradicate responses to environmental contingencies that were previously
rewarded (Maia ¢ McClelland, 2004; Rolls, 2004). This limitation may explain the
different evolution of the choices of the disadvantageous decks that offer gains at the
beginning but imply losses in the long term. Thus, the control group could have modified
their initial perception as of the first block, and the late-onset consumers as of the third
lock, but this did not occur in the early-onset consumers. This shows that consumers,
especially those of the early-onset group, either did not adequately identify the
characteristics of the decks (Fernie ¢ Tunney, 2006; Lin et al., 2007; Lin, Chiu &

Huang, 2009) or they had problems eradicating their initial preference for the
disadvantageous decks (A-B).

Our findings are related to the characteristics of the decision-making process in the
PVL model (Table 4). In this sense, early-onset consumers showed less consistency, that is,
lower ¢ values, which implies higher randomness of choices and more influence of the
previous choice, as revealed by the highest values of A (Ahn et al., 2008; Erev & Barron,
2005). Moreover, regarding o values, the early-onset consumers showed a large magnitude
of gains-losses, whereas frequency was more important in the control group, and the
late-onset consumers were in an intermediate position. Alameda-Bailén et al. (2014)
and Fridberg et al. (2010) have reported similar results. With respect to the A values,
we found some significant differences between groups, with lower values in the
consumers. That is, the early-onset consumers perceived the losses as a neutral element,
the late-onset consumers considered the gains and losses as equals, and in the control
group there was loss aversion, which is partly coherent with previous findings
(Fridberg et al., 2010) because Alameda-Bailén et al. (2014) obtained the opposite results,
that is, loss aversion in consumers but not in the control group.

To sum up, through the PVL model, we can distinguish the different cognitive
mechanisms of this model in the decision-making process. Thus, the decision-making
process of the early-onset cannabis consumers was more influenced by the magnitude of
the gains/losses, more determined by the short-term results, and without loss aversion.
On the contrary, the performance of the control group was determined by the frequency
of gains/losses, the long-term influence of the results, and loss aversion. These results
show quantitative differences regarding the cognitive mechanisms, essentially between
the different types of consumers, because they reveal worse results in the early-onset
consumers than in the late-onset consumers. In addition, our results indicate quantitative
and qualitative differences between the two types of consumers and the control group.
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We also have observed that performance of the consumers was better in the reverse
procedure than in the normal procedure, whereas the control group performed the
reverse task worse than the classic task. However, we found few differences between
groups. These findings coincide with those of other studies (Alameda-Bailén,
Paino-Quesada & Mogedas-Valladares, 2012; Alameda-Bailén et al., 2014; Mogedas-
Valladares ¢ Alameda-Bailén).

In the PVL parameters of the reverse task, no significant differences were found
between groups. Therefore, the decision-making processes in both the consumers and the
control group seem to be determined by the outcomes feedback and a random sensitivity
choice, and in these processes more weight is granted to past outcomes and more
sensitivity is shown to losses compared to gains.

Unlike the proposals of Bechara, Tranel ¢ Damasio (2000), and Gordillo et al.
(2010), the analysis of the choices made with respect to response times showed
insensitivity to future consequences in the early-onset consumers, due to their
preference for the disadvantageous decks, suggesting that, in this group, there are
some difficulties to use immediate prospects as a guide. Late-onset consumers
showed a preference for the favorable decks, with high response times, and thus they
expressed hypersensitivity to reward, that is, the perspective of receiving a large,
instant reward was higher than any chance of obtaining a future loss. The control
group showed a preference for favorable decks with low response times, which suggests
insensitivity to punishment and that the prospect of large losses does not offset any
chance of gain.

Recent studies support the idea that cannabis use during adolescence can lead to
more serious and long-lasting consequences. The cannabis use may affect the
endocannabinoid system, which plays an important role in the brain development.
This system could be altered by exogenous cannabinoids that affect its processes,
specifically the development of white matter (Solowij et al., 2011) and synaptic pruning
(Bossong e~ Niesink, 2010). Both processes are considered critical for the brain
development during adolescence. The endocannabinoid system inhibits the release of
glutamate, and this process is modified by the action of exogenous cannabinoids,
causing alterations in synaptic pruning and interrupting the prefrontal cortex
development. This effect would lead to a general disinhibition of the prefrontal cortex
functions, which, indeed, shares many of the cognitive disorders related to long-term
cannabis use. Depending on the dose and the duration, cannabis use could also contribute
to the development of psychosis or schizophrenia (Bossong ¢ Niesink, 2010; Caballero ¢
Tseng, 2012). This possibility is congruent with some results indicating that the deficit in the
decision-making process may be related to consumers’ unusual functioning of the
prefrontal cortex regions, especially the orbitofrontal cortex (Bechara, 2003; Fridberg et al.,
2010; Whitlow et al., 2004).

CONCLUSIONS

Cannabis consumption in adolescence should be considered a public health problem,
extending to different fields, ranging from psychosis (Di Forti et al., 2014) to
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neurocognitive disorders such as learning and memory, executive functions, attention,
impulse control disorders, etc. (Crean, Crane ¢ Mason, 2011; Fontes et al., 2011;

Gruber et al., 2012; Gruber, Rogowska & Yurgelun-Todd, 2009; Pope et al., 2003; Solowij ¢
Battisti, 2008; Solowij et al., 2002). In addition, the damage produced by cannabis use in
the teenage brain might be permanent, that is, some altered cognitive functions might not
get to recover after the withdrawal of consumption (Meier et al., 2012).

The evidence of the adverse and irreversible effects of cannabis in the teenage brain
may have social implications (Lubman, Cheetham ¢ Yiicel, 2015). Early intervention
programs to reduce the prevalence and delay the onset of cannabis use among teenagers
are needed. Active policies are needed in order to combat the trivialization of cannabis
use, basically during adolescence because the effects of cannabis on the developing
brain are not comparable to the effects of this drug on a mature brain, considering that
cannabis modifies the neuromaturation and, therefore, the consequences could be
irreversible.

According to the results of the present study and other studies, future investigations
with larger samples seem necessary to address aspects such as time and quantity of
consumption, withdrawal periods, number of relapses, and poly-consumption.

Related to the task, it would be important to have more reliable and less predictable
measures, adjust the scheduling of the decks (Alameda-Bailén, Paino-Quesada &
Mogedas-Valladares, 2012; Alameda-Bailén et al., 2014; Contreras et al., 2008;
Mogedas-Valladares & Alameda-Bailén, 2011, Van den Bos, Houx & Spruijt, 2006), use
presentations with more intuitive stimuli (Gordillo et al., 2010), and analyze the type of
instruction (Balodis, MacDonald ¢ Olmstead, 2006; DeDonno ¢ Demaree, 2008, Fernie ¢
Tunney, 2006).

As for the probabilistic models, it would be interesting to expand with the PVL
simulation processes, as for example the PVL-delta (Ahn et al., 2008), the PVL-decay (Ahn
et al., 2011, 2014), and the most recent Value-Plus-Perseverance, VPP (Worthy, Pang &
Byrne, 2013). It would also be of interest to analyze neuroanatomical aspects of
decision making (He et al., 2016; Polaina et al., 2015).

Finally, highlighting the limitations of this work, as we discussed earlier, increasing
the size of the sample, controlling withdrawal periods, number of relapses or poly-
consumption are important aspects, but perhaps the greatest limitation of this type of
work is that it does not clarify the circular relationship that is established between the
decision making and the consumption of substances, since doubt remains as to whether
the problems in the decision making are due to the neurotoxicity of the drugs or problems
in the decision making explain the beginning of consumption, an aspect that could only
be elucidated with longitudinal studies.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

The authors received no funding for this work.

Alameda-Bailén et al. (2018), PeerJ, DOI 10.7717/peerj.5201 17/22


http://dx.doi.org/10.7717/peerj.5201
http://peerj.com/

Peer/

Competing Interests
The authors declare that they have no competing interests.

Author Contributions

e Jose Ramon Alameda-Bailén conceived and designed the experiments, performed the
experiments, analyzed the data, contributed reagents/materials/analysis tools, prepared
figures and/or tables, authored or reviewed drafts of the paper, approved the final draft.

e Pilar Salguero-Alcaniz conceived and designed the experiments, performed the
experiments, analyzed the data, contributed reagents/materials/analysis tools, prepared
figures and/or tables, authored or reviewed drafts of the paper, approved the final draft.

e Ana Merchan-Clavellino conceived and designed the experiments, performed the
experiments, analyzed the data, contributed reagents/materials/analysis tools, prepared
figures and/or tables, authored or reviewed drafts of the paper, approved the final draft.

e Susana Paino-Quesada conceived and designed the experiments, performed the
experiments, analyzed the data, contributed reagents/materials/analysis tools, prepared
figures and/or tables, authored or reviewed drafts of the paper, approved the final draft.

Data Availability
The following information was supplied regarding data availability:
The raw data are provided in a Supplemental File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/
10.7717/peerj.5201#supplemental-information.

REFERENCES

Ahn WY, Busemeyer JR, Wagenmakers EJ, Stout JC. 2008. Comparison of decision learning
model using the generalization criterion method. Cognitive Science 32(8):1376-1402
DOI 10.1080/03640210802352992.

Ahn WY, Krawitz A, Kim W, Busemeyer JR, Brown JW. 2011. A model-based fMRI analysis with
hierarchical Bayesian parameter estimation. Journal of Neuroscience Psychology and Economics
4(2):95-110 DOI 10.1037/a0020684.

Ahn WY, Vasilev G, Lee SH, Busemeyer JR, Kruschke JK, Bechara A, Vassileva J. 2014. Decision
making in stimulant and opiate addicts in protracted abstinence: evidence from computational
modeling with pure users. Frontiers in Psychology 5:849 DOI 10.3389/fpsyg.2014.00849.

Alameda-Bailén JR, Paino-Quesada S, Mogedas-Valladares Al 2012. Toma de decisiones en
consumidores de cannabis. Adicciones 24(2):161-172 DOI 10.20882/adicciones.109.

Alameda-Bailén JR, Salguero-Alcaniz MP, Merchan-Clavellino A, Paino-Quesada S. 2014.
Mecanismos cognitivos en la toma de decisiones arriesgadas en consumidores de cannabis.
Adicciones 26(2):146—158 DOI 10.20882/adicciones.16.

Alameda-Bailén JR, Salguero-Alcaniz MP, Merchan-Clavellino A, Paino-Quesada S. 2017.
Cognitive mechanisms in decision-making in patients with mild Alzheimer disease. Current
Alzheimer Research 14(12):1248 DOI 10.2174/1567205014666170417113834.

Alloy LB, Bender RE, Wagner CA, Whitehouse WG, Abramson LY, Hogan ME, Sylvia LG,
Harmon-Jones E. 2009. Bipolar spectrum—substance use co-occurrence: behavioral approach

Alameda-Bailén et al. (2018), PeerdJ, DOI 10.7717/peerj.5201 18/22


http://dx.doi.org/10.7717/peerj.5201#supplemental-information
http://dx.doi.org/10.7717/peerj.5201#supplemental-information
http://dx.doi.org/10.7717/peerj.5201#supplemental-information
http://dx.doi.org/10.1080/03640210802352992
http://dx.doi.org/10.1037/a0020684
http://dx.doi.org/10.3389/fpsyg.2014.00849
http://dx.doi.org/10.20882/adicciones.109
http://dx.doi.org/10.20882/adicciones.16
http://dx.doi.org/10.2174/1567205014666170417113834
http://dx.doi.org/10.7717/peerj.5201
http://peerj.com/

Peer/

system (BAS) sensitivity and impulsiveness as shared personality vulnerabilities. Journal of
Personality and Social Psychology 97(3):549-565 DOI 10.1037/a0016061.

Balodis IM, MacDonald TK, Olmstead MC. 2006. Instructional cues modify performance on the
Iowa Gambling Task. Brain and Cognition 60(2):109—-117 DOI 10.1016/j.bandc.2005.05.007.

Bechara A. 2003. Risky business: emotion, decision-making, and addiction. Journal of Gambling
Studies 19(1):23-51 DOI 10.1023/a:1021223113233.

Bechara A, Damasio H. 2002. Decision-making and addiction (part I): impaired
activation of somatic states in substance dependent individuals when pondering decisions
with negative future consequences. Neuropsychologia 40(10):1675-1689
DOI 10.1016/s0028-3932(02)00015-5.

Bechara A, Damasio AR, Damasio H, Anderson SW. 1994. Insensitivity to future consequences
following damage to human prefrontal cortex. Cognition 50(1-3):7-15
DOI 10.1016/0010-0277(94)90018-3.

Bechara A, Damasio H, Tranel D, Damasio AR. 1997. Deciding advantageously before knowing
the advantageous strategy. Science 275(5304):1293-1295 DOI 10.1126/science.275.5304.1293.

Bechara A, Dolan S, Denburg N, Hindes A, Anderson SW, Nathan PE. 2001. Decision-making
deficits, linked to a dysfunctional ventromedial prefrontal cortex, revealed in alcohol and
stimulant abusers. Neuropsychologia 39(4):376-389 DOI 10.1016/50028-3932(00)00136-6.

Bechara A, Dolan S, Hindes A. 2002. Decision-making and addiction (part II): myopia for
the future or hypersensitivity to reward? Neuropsychologia 40(10):1690-1705
DOI 10.1016/s0028-3932(02)00016-7.

Bechara A, Tranel D, Damasio H. 2000. Characterization of the decision-making deficit of
patients with ventromedial prefrontal cortex lesions. Brain 123(11):2189-2202
DOI 10.1093/brain/123.11.2189.

Bickel WK, Pitcock JA, Yi R, Angtuaco EJC. 2009. Congruence of BOLD response across
intertemporal choice conditions: fictive and real money gains and losses. Journal of Neuroscience
29(27):8839-8846 DOI 10.1523/JNEUROSCI.5319-08.2009.

Bolla KI, Eldreth DA, Matochik JA, Cadet JL. 2005. Neural substrates of faulty decision-making in
abstinent marijuana users. Neuroimage 26(2):480—492 DOI 10.1016/j.neuroimage.2005.02.012.

Bossong MG, Niesink RJM. 2010. Adolescent brain maturation, the endogenous cannabinoid
system and the neurobiology of cannabis-induced schizophrenia. Progress in Neurobiology
92(3):370-385 DOI 10.1016/j.pneurobio.2010.06.010.

Bowman CH, Turnbull OH. 2004. Emotion-based learning on a simplified card game: the Iowa and
Bangor Gambling Tasks. Brain and Cognition 55(2):277-282 DOI 10.1016/j.bandc.2004.02.009.

Caballero A, Tseng KY. 2012. Association of cannabis use during adolescence, prefrontal
CB1 receptor signaling, and schizophrenia. Frontiers in Pharmacology 3:101
DOI 10.3389/fphar.2012.00101.

Carter S, Pascualini MS. 2004. Stronger autonomic response accompanies better learning: A test
of Damasio’s somatic marker hypothesis. Cognition and Emotion 18(7):901-911
DOI 10.1080/02699930341000338.

Contreras D, Catena A, Candido A, Perales JC, Maldonado A. 2008. Funciones de la corteza
prefrontal ventromedial en la toma de decisiones emocionales. Internacional Journal of Clinical
and Health Psychology 8(1):285-313.

Crane NA, Schuster RM, Fusar-Poli P, Gonzalez R. 2013. Effects of cannabis on neurocognitive

functioning: recent advances, neurodevelopmental influences, and sex differences.
Neuropsychology Review 23(2):117-137 DOI 10.1007/s11065-012-9222-1.

Alameda-Bailén et al. (2018), PeerdJ, DOI 10.7717/peerj.5201 19/22


http://dx.doi.org/10.1037/a0016061
http://dx.doi.org/10.1016/j.bandc.2005.05.007
http://dx.doi.org/10.1023/a:1021223113233
http://dx.doi.org/10.1016/s0028-3932(02)00015-5
http://dx.doi.org/10.1016/0010-0277(94)90018-3
http://dx.doi.org/10.1126/science.275.5304.1293
http://dx.doi.org/10.1016/s0028-3932(00)00136-6
http://dx.doi.org/10.1016/s0028-3932(02)00016-7
http://dx.doi.org/10.1093/brain/123.11.2189
http://dx.doi.org/10.1523/JNEUROSCI.5319-08.2009
http://dx.doi.org/10.1016/j.neuroimage.2005.02.012
http://dx.doi.org/10.1016/j.pneurobio.2010.06.010
http://dx.doi.org/10.1016/j.bandc.2004.02.009
http://dx.doi.org/10.3389/fphar.2012.00101
http://dx.doi.org/10.1080/02699930341000338
http://dx.doi.org/10.1007/s11065-012-9222-1
http://dx.doi.org/10.7717/peerj.5201
http://peerj.com/

Peer/

Crean RD, Crane NA, Mason BJ. 2011. An evidence-based review of acute and long-term effects of
cannabis use on executive cognitive functions. Journal of Addiction Medicine 5(1):1-8
DOI 10.1097/adm.0b013e31820c23fa.

Damasio AR. 1994. Descartes’ Error. New York: Avon Books.

DeDonno MA, Demaree HA. 2008. Perceived time pressure and the Iowa Gambling Task.
Judgment and Decision Making 3:636-640.

Di Forti M, Sallis H, Allegri F, Trotta A, Ferraro L, Stilo SA, Marconi A, La Cascia C, Reis
Marques T, Pariante C, Dazzan P, Mondelli V, Paparelli A, Kolliakou A, Prata D, Gaughran F,
David AS, Morgan C, Stahl D, Khondoker M, MacCabe JH, Murray RM. 2014. Daily use,
especially of high-potency cannabis, drives the earlier onset of psychosis in cannabis users.
Schizophrenia Bulletin 40(6):1509-1517 DOI 10.1093/schbul/sbt181.

Dunn BD, Dalgleish T, Lawrence AD. 2006. The somatic marker hypothesis: a critical evaluation.
Neuroscience & Biobehavioral Reviews 30(2):239-271 DOI 10.1016/j.neubiorev.2005.07.001.

Erev I, Barron G. 2005. On adaptation, maximization, and reinforcement learning among
cognitive strategies. Psychological Review 112(4):912-931 DOI 10.1037/0033-295x.112.4.912.

Erev I, Roth AE. 1998. Predicting how people play games: reinforcement learning in experimental
games with unique mixed strategy equilibria. American Economic Review 88:848—881.

Fernie G, Tunney RJ. 2006. Some decks are better than others: The effect of reinforcer type and
task instructions on learning in the lowa Gambling Task. Brain and Cognition 60(1):94—102
DOI 10.1016/j.bandc.2005.09.011.

Fontes MA, Bolla KI, Cunha PJ, Almeida PP, Jungerman F, Ramos Laranjeira R, Bressan RA,
Lacerda ALT. 2011. Cannabis use before age 15 and subsequent executive functioning. British
Journal of Psychiatry 198(6):442—447 DOI 10.1192/bjp.bp.110.077479.

Fridberg DJ, Queller S, Ahn WY, Kim W, Bishara AJ, Busemeyer JR, Porrino L, Stout JC. 2010.
Cognitive mechanisms underlying risky decision-making in chronic cannabis users. Journal of
Mathematical Psychology 54(1):28-38 DOI 10.1016/j.jmp.2009.10.002.

Gordillo F, Salvador J, Arana JM, Mestas L, Meilan JJG, Carro J, Pérez E. 2010. Estudio de la
toma de decisiones en una variante de la lowa Gambling Task. Revista Electronica de Motivacion
y Emocion 13:34.

Grant S, Conttoreggi C, London ED. 2000. Drug abusers show impaired performance in a
laboratory test of decision making. Neuropsychologia 38(8):1180-1187
DOI 10.1016/s0028-3932(99)00158-x.

Gruber SA, Rogowska J, Yurgelun-Todd DA. 2009. Altered affective response in marijuana
smokers: An FMRI study. Drug and Alcohol Dependence 105(1-2):139-153
DOI 10.1016/j.drugalcdep.2009.06.019.

Gruber SA, Sagar KA, Dahlgren MK, Racine M, Lukas SE. 2012. Age of onset of marijuana
use and executive function. Psychology of Addictive Behaviors 26(3):496-506
DOI 10.1037/20026269.

He Q, Chen M, Chen C, Xue G, Feng T, Bechara A. 2016. Anodal stimulation of the left DLPFC
increases IGT scores and decreases delay discounting rate in healthy males. Frontiers in
Psychology 7:1421 DOI 10.3389/fpsyg.2016.01421.

Jager G, Kahn RS, van den Brink W, van Ree JM, Ramsey NF. 2006. Long-term effects of frequent
cannabis use on working memory and attention: an fMRI study. Psychopharmacology
185(3):358-368 DOI 10.1007/s00213-005-0298-7.

Lin CH, Chiu YC, Huang JT. 2009. Gain-loss frequency and final outcome in the Soochow
Gambling Task: A reassessment. Behavioral and Brain Functions 5(1):45
DOI 10.1186/1744-9081-5-45.

Alameda-Bailén et al. (2018), PeerdJ, DOI 10.7717/peerj.5201 20/22


http://dx.doi.org/10.1097/adm.0b013e31820c23fa
http://dx.doi.org/10.1093/schbul/sbt181
http://dx.doi.org/10.1016/j.neubiorev.2005.07.001
http://dx.doi.org/10.1037/0033-295x.112.4.912
http://dx.doi.org/10.1016/j.bandc.2005.09.011
http://dx.doi.org/10.1192/bjp.bp.110.077479
http://dx.doi.org/10.1016/j.jmp.2009.10.002
http://dx.doi.org/10.1016/s0028-3932(99)00158-x
http://dx.doi.org/10.1016/j.drugalcdep.2009.06.019
http://dx.doi.org/10.1037/a0026269
http://dx.doi.org/10.3389/fpsyg.2016.01421
http://dx.doi.org/10.1007/s00213-005-0298-7
http://dx.doi.org/10.1186/1744-9081-5-45
http://dx.doi.org/10.7717/peerj.5201
http://peerj.com/

Peer/

Lin CH, Chiu YC, Lee PL, Hsieh JC. 2007. Is deck B a disadvantageous deck in the Iowa Gambling
Task? Behavioral and Brain Functions 3(1):16 DOI 10.1186/1744-9081-3-16.

Lubman DI, Cheetham A, Yiicel M. 2015. Cannabis and adolescent brain development.
Pharmacology & Therapeutics 148:1-16 DOI 10.1016/j.pharmthera.2014.11.009.

Maia TV, McClelland JL. 2004. A reexamination of the evidence for the somatic marker hypothesis:
what participants really know in the Iowa gambling task. Proceedings of the National Academy of
Sciences of the United States of America 101(45):16075-16080 DOI 10.1073/pnas.0406666101.

Martinez-Selva JM, Sanchez-Navarro JP, Bechara A, Roman F. 2006. Brain mechanisms involved
in decision making. Revista de Neurologia 42:411-418.

Meier MH, Caspi A, Ambler A, Harrington H, Houts R, Keefe RSE, McDonald K, Ward A,
Poulton R, Moffitt TE. 2012. Persistent cannabis users show neuropsychological decline from
childhood to midlife. Proceedings of the National Academy of Sciences of the United States of
America 109(40):E2657-E2664 DOI 10.1073/pnas.1206820109.

Mogedas-Valladares Al, Alameda-Bailén JR. 2011. Toma de decisiones en pacientes
drogodependientes. Adicciones 23(4):277-287 DOI 10.20882/adicciones.121.

Nusslock R, Alloy LB. 2017. Reward processing and mood-related symptoms: An RDoC and
translational neuroscience perspective. Journal of Affective Disorders 216:3—16
DOI 10.1016/j.jad.2017.02.001.

Observatorio Espaiol de la Droga y las Toxicomanias. 2015. Informe 2015. Alcohol, tabaco y
drogas ilegales en Espafia. Madrid: Ministerio del Interior.

Palacios E, Paino S, Alameda JR. 2010. Programa Cartas. Available at http://www.uhu.es/jose.
alameda/archivos/CartasSetup.jar (accessed 2 May 2010).

Polaina R, Moisa M, Opitz A, Grueschow M, Ruff CC. 2015. The precision of value-based choices
depends causally on fronto-parietal phase coupling. Nature Communications 6:8090
DOI 10.1038/natcomms/9090.

Pope HG, Gruber AJ, Hundon JL, Cohane G, Huestes MA, Yurgelun-Todd D. 2003. Early-onset
cannabis use and cognitive deficits: what is the nature of the association? Drug and Alcohol
Dependence 69(3):303-310 DOI 10.1016/s0376-8716(02)00334-4.

Rescorla RA, Wagner AR. 1972. A Theory of Paviovian Conditioning: Variations in the Effectiveness
of Reinforcement and Nonreinforcement. New York: Appleton-Century-Crofts.

Rolls ET. 2004. The functions of the orbitofrontal cortex. Brain and Cognition 55(1):11-29
DOI 10.1016/s0278-2626(03)00277-x.

Schmitt WA, Brinkley CA, Newman JP. 1999. Testing Damasio’s somatic marker hypothesis with
psychopathic individuals: risk takers or risk averse? Journal of Abnormal Psychology
108(3):538-543 DOI 10.1037/0021-843X.108.3.538.

Solowij N, Battisti R. 2008. The chronic effects of cannabis on memory in humans: a review.
Current Drug Abuse Reviews 1(1):81-98 DOI 10.2174/1874473710801010081.

Solowij N, Stephens RS, Roffman RA, Babor T, Kadden R, Miller M, Christiansen K, McRee B,
Vendetti J. 2002. Cognitive functioning of long-term heavy cannabis users seeking treatment.
Journal of the American Medical Association 287(9):1123-1131 DOI 10.1001/jama.287.9.1123.

Solowij N, Yiicel M, Respondek C, Whittle S, Lindsay E, Pantelis C, Lubman DI. 2011. Cerebellar
white-matter changes in cannabis users with and without schizophrenia. Psychological Medicine
41(11):2349-2359 DOI 10.1017/s003329171100050x.

Suzuki A, Hirota A, Takasawa N, Shigemasu K. 2003. Application of the somatic marker
hypothesis to individual differences in decision making. Biological Psychology 65(1):81-88
DOI 10.1016/S0301-0511(03)00093-0.

Alameda-Bailén et al. (2018), PeerdJ, DOI 10.7717/peerj.5201 21/22


http://dx.doi.org/10.1186/1744-9081-3-16
http://dx.doi.org/10.1016/j.pharmthera.2014.11.009
http://dx.doi.org/10.1073/pnas.0406666101
http://dx.doi.org/10.1073/pnas.1206820109
http://dx.doi.org/10.20882/adicciones.121
http://dx.doi.org/10.1016/j.jad.2017.02.001
http://www.uhu.es/jose.alameda/archivos/CartasSetup.jar
http://www.uhu.es/jose.alameda/archivos/CartasSetup.jar
http://dx.doi.org/10.1038/natcomms/9090
http://dx.doi.org/10.1016/s0376-8716(02)00334-4
http://dx.doi.org/10.1016/s0278-2626(03)00277-x
http://dx.doi.org/10.1037/0021-843X.108.3.538
http://dx.doi.org/10.2174/1874473710801010081
http://dx.doi.org/10.1001/jama.287.9.1123
http://dx.doi.org/10.1017/s003329171100050x
http://dx.doi.org/10.1016/S0301-0511(03)00093-0
http://dx.doi.org/10.7717/peerj.5201
http://peerj.com/

Peer/

Van den Bos R, Houx BB, Spruijt BM. 2006. The effect of reward magnitude differences on
choosing disadvantageous decks in the Iowa Gambling Task. Biologycal Psychology
71(2):155-161 DOI 10.1016/j.biopsycho.2005.05.003.

Vélez AE, Borja KC, Ostrosky-Solis F. 2010. Efectos del consumo de marihuana sobre la toma de
decision. Revista Mexicana de Psicologia 27:309-315.

Volkow ND, Swanson JM, Evins AE, DelLisi LE, Meier MH, Gonzalez R, Bloomfield MAP,
Curran HV, Baler R. 2016. Effects of cannabis use on human behavior, including cognition,
motivation, and psychosis: a review. Journal of the American Medical Association Psychiatry
73(3):292-297 DOI 10.1001/jamapsychiatry.2015.3278.

Whitlow CT, Liguori A, Brooke Livengood L, Hart SL, Mussat-Whitlow BJ, Lamborn CM,
Laurient PJ, Porrino LJ. 2004. Long-term heavy marijuana users make costly decisions on a
gambling task. Drug and Alcohol Dependence 76(1):107—111 DOI 10.1016/j.drugalcdep.2004.04.009.

Wilson W, Mathew R, Turkington T, Hawk T, Coleman RE, Provenzale J. 2000. Brain
morphological changes and early marijuana use: a magnetic resonance and positron emission
tomography study. Journal of Addictive Disease 19(1):1-22 DOI 10.1300/j069v19n01_01.

Worthy DA, Pang B, Byrne KA. 2013. Decomposing the roles of perseveration and expected value
representation in models of the lowa gambling task. Frontiers in Psychology 4:640
DOI 10.3389/fpsyg.2013.00640.

Yechiam E, Busemeyer JR, Stout JC, Bechara A. 2005. Using cognitive models to map relations
between neuropsychological disorders and human decision-making deficits. Psychological
Science 16(12):973-978 DOI 10.1111/j.1467-9280.2005.01646.x.

Alameda-Bailén et al. (2018), PeerdJ, DOI 10.7717/peerj.5201 22/22


http://dx.doi.org/10.1016/j.biopsycho.2005.05.003
http://dx.doi.org/10.1001/jamapsychiatry.2015.3278
http://dx.doi.org/10.1016/j.drugalcdep.2004.04.009
http://dx.doi.org/10.1300/j069v19n01_01
http://dx.doi.org/10.3389/fpsyg.2013.00640
http://dx.doi.org/10.1111/j.1467-9280.2005.01646.x
http://peerj.com/
http://dx.doi.org/10.7717/peerj.5201

	Age of onset of cannabis use and decision making under uncertainty
	Introduction
	Method
	Results
	Discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


