
ORIGINAL INVESTIGATION

Decision-making impairment predicts 3-month hair-indexed
cocaine relapse

Antonio Verdejo-Garcia & Natalia Albein-Urios &

Jose Miguel Martinez-Gonzalez & Ester Civit &
Rafael de la Torre & Oscar Lozano

Received: 16 January 2014 /Accepted: 24 March 2014 /Published online: 13 April 2014
# Springer-Verlag Berlin Heidelberg 2014

Abstract
Rationale One of the key outstanding challenges in cocaine
dependence research is determining who is at risk of relapsing
during treatment.
Objectives We examined whether cognitive decision-making
profiles predict objectively (hair) indexed cocaine relapse at 3-
month follow-up.
Methods Thirty-three cocaine-dependent patients commenc-
ing outpatient treatment in a public clinic performed baseline
decision-making assessments with the original and variant
versions of the Iowa Gambling Task, and provided a 3-cm

hair sample 3 months afterwards. Based on Iowa Gambling
Tasks’ performance cut-offs, 5 patients had intact decision-
making skills, 17 patients showed impaired sensitivity to
reward or punishment (impairment in one of the tasks), and
9 patients showed insensitivity to future consequences (im-
pairment in both tasks). Based on a 0.3 ng/mg cocaine cut-off,
23 patients were classified as relapsers and 10 as non-relapsers
at the 3-month follow-up.
Results Eighty percent of patients with intact decision-making
were abstinent at follow-up, whereas 90 % of patients with
insensitivity to future consequences had relapsed. The two
subgroups (relapsers and non-relapsers) showed no significant
differences on drug use, comorbidities, or psychosocial func-
tion, and significantly differed on verbal but not performance
IQ. A regression model including decision-making scores and
verbal IQ predicted abstinence status with high sensitivity
(95 %) and moderately high specificity (81 %).
Conclusion These preliminary findings demonstrate that
decision-making profiles are associated with cocaine relapse.
Moreover, combined decision-making and IQ assessments
provide optimal predictive values over stimulant relapse,
yielding significant opportunities for clinical translation.

Keywords Cocaine . Decision-making . Insensitivity to
future consequences . Hair analysis . IowaGambling Task

Introduction

Relapse is the main challenge faced by stimulant-dependent
patients undergoing treatment. Even effective psychosocial
treatments are associated with relapse rates of 60 to 70 % in
post-treatment follow-ups (Bisaga et al. 2010; Dutra et al.
2008; Knapp et al. 2007). Therefore, an outstanding issue
for cocaine addiction treatment research is predicting who is
at risk of drug relapse and which strategies can be used to
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improve treatment outcome in at-risk patients (Garavan et al.
2013; Pattij and De Vries 2013). Predictors of cocaine relapse
include socio-demographic factors, comorbidities, and
population-specific clinical characteristics (e.g., craving or
stress) (Reske and Paulus 2008). Lower socio-economic
background/support, alcohol use, personality disorders, stress
reactivity, craving, and self-efficacy have been prospectively
associated with cocaine relapse in longitudinal studies (Back
et al. 2010; Garcia-Fernandez et al. 2011; McKay et al. 2005;
McMahon 2001).

In the last years, cognition has been successfully incorpo-
rated to prediction of stimulant treatment outcomes. In stimu-
lants addiction, cognitive deficits are malleable to pharmaco-
logical and behavioral interventions (Alfonso et al. 2011;
Sofuoglu et al. 2011). Therefore, identification of cognitive
predictors can be readily translated into therapeutic targets.
Cognitive studies have shown that cognitive control measures,
including impulsivity, flexibility, and self-regulation tasks, are
significant predictors of cocaine treatment retention (Streeter
et al. 2008; Turner et al. 2009; Verdejo-Garcia et al. 2012).
However, to date, no studies have investigated the impact of
cognitive measures on drug relapse in cocaine treatment
groups. Such studies have been conducted in users of other
substances (alcohol and opiates), and results have shown that
decision-making is the strongest cognitive predictor of drug
relapse (Passetti et al. 2008; De Wilde et al. 2013; De Wilde
et al. 2013). Performance on the Iowa Gambling Task (IGT)
alone (De Wilde et al. 2013) or in combination with the more
sensitive to risk-taking Cambridge Gamble Task (Passetti
et al. 2008) is significantly associated with a 3-month self-
reported relapse in alcohol and opiate users, respectively.
Other cognitive measures failed to predict this outcome
(Passetti et al. 2008; De Wilde et al. 2013). A recent study
has further shown that decision-making performance (IGT)
predicts stimulants intake in a treatment sample of bipolar
patients with comorbid substance use (Nejtek et al. 2013).

Decision-making, as indexed by the IGT, is the ability to
select the most advantageous course of action according to
both immediate and delayed outcomes (Bechara et al. 2000a,
b). Defined as such, decision-making deficits are inherent to
addiction pathology (i.e., continued substance use that ne-
glects alternative means and growing negative consequences)
(Bechara et al. 2001). However, there are at least two pheno-
types linked to decision-making deficits in individuals with
substance dependence: hypersensitivity to reward or punish-
ment vs. insensitivity to future consequences (Bechara et al.
2002). These phenotypes were originally described through
performance on the original and variant versions of the IGT
(Bechara et al. 2000a, b). Deficits in the original version (in
which disadvantageous choices involve high immediate re-
ward followed by higher delayed punishment) combined with
intact performance in the variant version (in which advanta-
geous decisions involve tolerating high immediate

punishment in order to obtain higher delayed reward) are
indicative of hypersensitivity to reward. The reversed pattern
(intact performance in the original version and impaired per-
formance in the variant version) is indicative of hypersensi-
tivity to punishment. Conversely, deficits in both original and
variant versions (involving neglect of both delayed punish-
ment and delayed reward) are indicative of insensitivity to
future consequences. The latter phenotype is shared by a
subgroup of stimulants-dependent users and patients with
ventromedial prefrontal damage (Bechara et al. 2002), who
have particularly severe problems to make real-life-type deci-
sions including risk-sensitive choices and forecast-based judg-
ments (Bechara et al. 2000a, b; Gomez-Beldarrain et al. 2004;
Studer et al. 2013). Therefore, it is reasonable to hypothesize
that insensitivity to future consequences (factored by impair-
ment in both Iowa Gambling Task versions) is particularly
associated with relapse in cocaine users, since abstinence
during treatment relies on maintenance of long-term commit-
ment against ongoing risks.

In this study, we investigated whether performances in the
original and variant versions of the Iowa Gambling Task are
longitudinally predictive of a 3-month relapse in a treatment
sample of cocaine-dependent individuals. Cocaine use during
the 3-month period was objectively measured through hair-
indexed cocaine metabolite concentrations. We hypothesized
that impaired performance in both versions of the Iowa
Gambling Task would be significantly associated with hair-
indexed cocaine relapse.

Materials and methods

Participants

The sample was composed of 35 participants (5 females)
diagnosed with cocaine dependence and undergoing outpa-
tient community treatment in the public clinic “Centro
Provincial de Drogodependencias” (CPD), in Granada
(Spain). They performed a baseline cognitive assessment
and a follow-up session (scheduled 3 months after baseline)
in which they provided a hair sample (∼3 cm of hair taken
from the back of the head) to be analyzed for cocaine intake.
This sample overlaps with the larger sample of the
COPERNICO study (n=90), aimed at investigating cognition
in cocaine addiction, which baseline results have been pub-
lished elsewhere (e.g., Albein-Urios et al. 2013). Thirty-five
participants completed the follow-up session. There were no
significant differences in socio-demographic, drug use, cognitive,
or psychosocial variables between the baseline sample and the
sample retained at 3 months. Two of the successfully retained
participants had insufficient hair to provide a valid hair sample
andwere subsequently excluded. Therefore, the final sample was
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composed by the 33 participants with successfully analyzed hair
samples.

All cocaine users were recruited through consecutive ad-
missions to the CPD clinic, which provides outpatient psy-
chosocial treatment for substance use disorders. The inclusion
criteria for participants were defined as follows: (1) aged
between 18 and 50 years old, (2) IQ above or equal 80—as
measured by the Kaufman Brief Intelligence Test (K-BIT)
(Kaufman and Kaufman 1990), (3) meeting DSM-IV criteria
for cocaine dependence—as assessed by the Structured
Clinical Interview for DSM-IV Disorders–Clinician Version
(SCID-I-CV) (First et al. 1997), (4) being treatment com-
mencers requesting voluntary admission, and (5) abstinence
duration >15 days. Abstinence at baseline was confirmed by
urine tests conducted two times per week. The exclusion
criteria were as follows: (1) the presence of any other DSM-
IV Axis I disorders—with the exceptions of alcohol abuse,
nicotine dependence, and attention deficit and hyperactiv-
ity disorder (ADHD)—as measured by the Conners’
Adult ADHD Diagnostic Interview for DSM-IV
(CAADID) (Conners 1999), (2) history of head injury or
neurological, infectious, systemic, or any other diseases
affecting the central nervous system, (3) having followed
other treatments within the 2 years preceding study onset,
and (4) having entered treatment by court request.
Comorbid Axis I disorders were assessed with the
SCID-I-CV. Personality disorders were not exclusionary.
They were assessed using the International Personality
Disorders Examination (Loranger et al. 1994). All the
diagnoses were conducted by a certified clinical psychol-
ogist, and all subsequent tests were administered by an
independent (blind to clinical status) assessor.

All participants were of European ancestry, mean age was
33 years old (SD=7.3), and mean years of education was 10.7
(SD=1.8). At baseline, cocaine use was of 18 g per month
(SD=22.5), and regular cocaine use had been ongoing for a
mean duration of 43.5 months (SD=43). Fifteen participants
(45 % of the sample) had comorbid personality disorders: 5
with borderline, 4 with antisocial, 4 with histrionic, 1 with
avoidant, and 1 with obsessive-compulsive diagnoses,
respectively.

Measures

Drug use and clinical measures

Interview for research on addictive behavior (Verdejo-Garcia
et al. 2005) This interview collects information about
substance-use behavior. The main parameters collected are
the monthly use of each substance (quantity per month), the
total duration of use of each substance (duration in years), and
age at onset of drug use.

General health questionnaire (GHQ-28) We used the 28-item
Spanish-language version of this questionnaire that measures
four dimensions of psychosocial function relevant to mental
health populations: somatic complaints, anxiety, social dys-
function, and depression. This version has demonstrated
sound psychometric properties (Lobo et al. 1986).

Decision-making measures

Iowa Gambling Task, original version (Bechara et al. 2000a,
b) This is a computer task measuring reward/punishment-
based decision-making. It involves four decks of cards (A,
B, C, and D). Each time a participant selects a card, a specified
amount of play money is awarded. However, interspersed
among these rewards, there are probabilistic punishments
(monetary losses). Two of the decks of cards (A and B)
produce high immediate gains; however, in the long run, they
will take more money than they give, and are therefore con-
sidered disadvantageous. The other two decks (C and D) are
considered advantageous, as they result in small, immediate
gains, but will yield more money than they take in the long
run. The performance measure was the net score calculated by
subtracting the number of disadvantageous choices (decks A
and B) from the number of advantageous choices (decks C
and D). Participants were classified as impaired or non-
impaired according to a cut-off score of 10 as defined by
Bechara et al. (2002).

Iowa Gambling Task, variant version (Bechara et al.
2000b) The appearance and operation of this task is very
similar to the original IGT. The only difference is in the
schedules of punishment and reward. In this case, each time
a participant selects a card, a specified amount of play money
is punished, and interspersed among these punishments, there
are probabilistic rewards. The schedules were set in such a
way that the discrepancy between punishment and reward in
the disadvantageous decks (F and H) is rendered larger in the
negative direction, i.e., toward a larger loss. By contrast, the
discrepancy between punishment and reward in the advanta-
geous decks (E and G) is rendered larger in the positive
direction, i.e., toward a larger gain. The performance measure
was the net score calculated by subtracting the number of
disadvantageous choices—yielding low punishment and pro-
gressively lower reward (decks F and H)—from the number of
advantageous choices—yielding high punishment and pro-
gressively higher reward (decks E and GD). Participants were
classified as impaired or non-impaired according to a cut-off
score of 8 as defined by Bechara et al. (2002).

A global decision-making impairment index was obtained
based on impairment measures from both versions (Bechara
et al. 2002). Participants were classified as the following:
“intact,” if they showed non-impaired performance in both
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versions; “hypersensitive to reward or punishment,” if they
showed impaired performance in the original or the variant
version; or “insensitive to future consequences,” if they
showed impaired performance in both the original and variant
versions. Two participants failed to complete the EFGH task,
and therefore this classification index was obtained for 31
participants.

Outcome measure Cocaine relapse was defined as hair-
indexed cocaine concentrations exceeding 0.3 ng/mg.
This definition agrees with the current guidelines of
the European Workplace Drug Testing Society and the
Society of Hair Testing, which recommend cut-off con-
centrations of 0.5 ng/mg or less of cocaine for reporting
positive cases (Agius and Kintz 2010; Cooper et al.
2012). Cocaine and benzoylecgonine were analyzed by
gas chromatography coupled to mass spectrometry
(Pichini et al. 2004).

Statistical analyses

Analyses were conducted on Stata version 12.1. We conduct-
ed preliminary descriptive analyses to examine the distribu-
tions of the dependent variables in both groups (relapsers and
non-relapsers). Since virtually all variables followed non-
normal distributions, we applied Mann–Whitney U tests for
all continuous variables (demographic, drug use, and IQ;
Lehmann 1998). The main contrast of interest (association
between Iowa Gambling Tasks impairment and cocaine re-
lapse) was tested with a chi-square test. This association
was further examined with a stepwise logistic regression
model introducing Iowa Gambling Tasks’ performances
(total net scores) and verbal IQ scores as predictors, and
relapse/non-relapse as the dependent variable. The
Hosmer–Lemeshow test was used to check goodness of
fit, χ2=11.91; p>0.05. We also examined the sensitivity
and specificity of the model.

Results

Relapse vs. non-relapse

Twenty-one participants (63.6 % of the sample) had cocaine
metabolite concentrations above the 0.3 ng/mg cut-off and
were classified as relapsers. Twelve participants had concen-
trations below the specified cut-off and were classified as non-
relapsers. Cocaine concentrations in relapsers ranged from
0.31 to 6.31 [CI (2.38–4.21)], whereas cocaine concentrations
in non-relapsers ranged from 0 to 0.29 [CI (0.009–0.13)]. We
also measured THC, amphetamine, and opiate metabolite
concentrations, but none of the participants showed concen-
trations over 0.5 ng/mg.

Differences between relapsers and non-relapsers
in socio-demographic, drug use, and psychosocial
characteristics

Results are shown in Table 1. There were no significant
differences between relapsers and non-relapsers in age, years
of education, age of onset of cocaine use, and cocaine, alcohol
and tobacco use. Groups did not significantly differ either in
personality comorbidities (seven participants had personality
comorbidities in the non-relapsing group, eight in the relaps-
ing group; χ2=0.44; p>0.05) or any domain of psychosocial
function: anxiety, depression, somatic complaints, or social
dysfunction. There were no significant differences between
groups on performance IQs. However, verbal IQs were sig-
nificantly lower (8 points lower) in relapsers vs. non-relapsers.

Differences between relapsers and non-relapsers
in decision-making

Results are shown in Fig. 1. In the relapsing group, 8 partic-
ipants had impaired performance in the two decision-making
tasks, 11 participants had impaired performance in one of the
decision-making tasks, and 1 participant performed normally
in both tasks. In the non-relapsing group, 4 participants had
intact performance in the two decision-making tasks, 6 partic-
ipants had impaired performance in one of the tasks, and only
1 participant had impaired performance in both tasks.
Therefore, 89 % of participants with impaired performance
in both tasks (the profile characterized by insensitivity to
future consequences) had relapsed after 3 months, whereas
80 % of participants with intact performance in both tasks
maintained abstinence after 3 months (χ2=6.66, p<0.05). The
use of more conservative cut-offs to define relapse produced
very similar results.

The individual analysis of each task showed that impair-
ment in the variant version was significantly associated with
relapse (χ2=3.95, p<0.05), whereas impairment in the origi-
nal version was not significantly associated with relapse (χ2=
2.23, p=0.14).

Prediction of abstinence status

Inter-correlations between verbal IQ, Iowa Gambling Tasks’
net scores, and cocaine relapse (relapse/non-relapse) are
displayed in Table 2. The regression model, including Iowa
Gambling Tasks’ net scores and IQ, yielded a pseudo R2=
0.312,χ2=7.03, and p<0.05. This model resulted in 90.3% of
participants correctly classified as relapsers/non-relapsers,
with sensitivity and specificity of 95 and 81.2 %, respectively
(Tables 3). The main predictors retained in the model were the
net scores from the variant version, β=−0.03, Wald test=4.45,
and p<0.05, and verbal IQ scores, β=−0.15, Wald test=4.34,
and p<0.05.
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Discussion

We found a significant association between the decision-
making profile of insensitivity to future consequences and
objectively indexed cocaine relapse in a 3-month follow-up.
Relapsers and non-relapsers did not significantly differ on
demographic variables, comorbidities, or psychosocial adjust-
ment. There were, however, significant differences between
subgroups on verbal but not performance IQ. The regression
model including the net scores from the two decision-making

tasks and verbal IQ predicted abstinence status with very high
sensitivity and moderate specificity. These findings indicate
that cocaine-dependent users showing decision-making pro-
files compatible with insensitivity to future consequences at
treatment onset are at significantly higher risk of drug relapse
down the line. The significant association between decision-
making and 3-month cocaine relapse is in agreement with
previous findings in alcohol and opiate users (De Wilde
et al. 2013; Passetti et al. 2008). We extend these findings
by identifying specific decision-making profiles that are

Table 1 Descriptive data for the subpopulations of relapsers and non-relapsers in socio-demographic, drug use, and psychosocial characteristics

Non-relapse Relapse Mann–Whitney U p

Demographic/psychosocial

Age 33.3 (7.2) 32.7 (7.6) 116.0 0.707

Years of education 10.5 (1.5) 10.7 (1.9) 125.0 0.967

Somatic complaintsa 1.81 (1.78) 1.63 (1.77) 98.0 0.800

Anxietya 2.45 (2.16) 3.16 (2.65) 92.5 0.611

Social functiona 1.73 (1.68) 1.36 (2.21) 74.0 0.200

Depressiona 1.45 (1.57) 1.78 (2.57) 96.5 0.735

Verbal IQ 107 (7.6) 99.1 (7.1) 49.5 0.004

Performance IQ 100.7 (12.3) 94.8 (9.2) 78.5 0.075

Drug use

Cocaine monthly use (gr.) 19.1 (27.4) 17.4 (19.8) 109.5 0.535

Cocaine duration (months) 33.7 (26.2) 49.1 (49.8) 57.5 0.523

Cocaine use onset (age) 22.8 (7.2) 19.4 (4.3) 82.5 0.102

Alcohol monthly use (SAU) 59.60 (66.12) 55.05 (74.18) 64.0 0.309

Alcohol duration (months) 80.4 (63.45) 105.7 (95.15) 81.5 0.863

Alcohol use onset (age) 18 (4.19) 18.41 (4.39) 78.5 0.749

Tobacco monthly use (cigarettes) 681.13 (372.43) 460.56 (309.81) 48.0 0.196

Tobacco duration (months) 122 (90.33) 129 (126.06) 65.5 0.724

Tobacco use onset (age) 16.7 (4.83) 15.3 (3.59) 66.5 0.765

Drug use measures refer to regular use before treatment onset

gr. grams; SAU standard alcohol units
a Range between 0 and 3

Fig. 1 Proportion of relapsing
and non-relapsing participants
within each of the decision-
making profiles: insensitive
to future consequences (n=9),
hypersensitive to reward/
punishment (n=17), or intact
decision-making (n=5)
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predictive of cocaine treatment relapse, and by incorporating
an objective and sensitive biomarker of long-term drug re-
lapse, in contrast to previous studies relying on retrospective
self-reports.

Based on the decision-making profiles defined by Bechara
et al. (2000b, 2002), we found that the performance pattern
characterized by impaired sensitivity to future consequences
(regardless of their reward or punishment nature) is strongly
associated with cocaine relapse: 90 % of cocaine users with
this profile relapsed. This profile was originally observed in a
subpopulation of alcohol and stimulants polysubstance users
(23% of the original sample, in fitting with 29% of the current
sample) who showed deficits to adjust behavioral choices to
both delayed punishments and rewards, and blunted physio-
logical responses before making decisions about risky options
(Bechara et al. 2002). This decision-making profile was strik-
ingly similar to that of patients with ventromedial prefrontal
cortex lesions (Bechara et al. 2000a, b; Bechara et al. 2002),
who are prominently characterized by poor judgment in real-
life decisions (Bechara et al. 2000a, b). Therefore, this sub-
population of cocaine users share poor judgment characteris-
tics with ventromedial prefrontal lesion patients, and these
characteristics are specifically associated with relapse in the
context of stimulant addiction. Ventromedial prefrontal cortex
lesions have been associated with deficits in future time per-
spective, forecast-based choices, and risk-sensitive decisions
(Fellows and Farah 2005; Gomez-Beldarrain et al. 2004;
Studer et al. 2013). Patients with ventromedial prefrontal
lesions are also more prone to make choices that are inconsis-
tent with previously revealed preference values (Camille et al.
2011). By analogy, this subpopulation of cocaine users may
have poor ability to foresee/appraise risk and future harmful
outcomes and be more prone to display behaviors that are
incompatible with pre-committed values (e.g., abstinence).

Likewise, in fitting with Bechara et al.’s (2002) results, we
found that approximately half of the sample was characterized
by impairment in only one version of the Iowa Gambling
Task, either the original or the variant version. This pattern
was linked to relapse in >60 % of this subpopulation, an
association that was significantly driven by impairment in
the variant version, in which immediate punishments can blur
the prospect of attaining long-term rewards. In the opposite
pole of our classification, most of cocaine users with intact
performance in the two decision-making tasks (80 %) main-
tained abstinence after 3 months, suggesting that preserved
decision-making skills contribute to resilience to relapse.
Since decision-making deficits are at least partly malleable
(Alfonso et al. 2011), our findings suggest that behavioral and
pharmacological interventions targeting these deficits can sub-
stantially improve outcomes in the at-risk subpopulation.
Emerging interspecies evidence suggests that opioid mole-
cules warrant further investigation as “cognitive enhancers”
for decision-making deficits (Lutz and Kieffer 2013). In rats,
mu opioid receptors in the nucleus accumbens mediate goal-
driven decisions (Laurent et al. 2012), and in humans,
buprenorphine (a mu opioid agonist/kappa antagonist) treat-
ment has shown to improve decision-making in opiate users
(Pirastu et al. 2006).

Together with decision-making, verbal but not perfor-
mance IQ scores differed between relapsers and non-
relapsers. The regression model incorporating verbal IQ pro-
vided the best estimates of relapse prediction, and therefore,
our results suggest that verbal IQ should be taken into account
when estimating risk of relapse. The relevance of verbal IQ in
predicting relapse is in agreement with previous findings
(Wehr and Bauer 1999) and expectable, considering that ver-
bal IQ brings together a constellation of demographic factors
(e.g., age, education, occupation; Crawford et al. 1989) that

Table 2 Inter-correlations (Spearman’s Rho and p values) between verbal IQ, Iowa Gambling Task indices, and cocaine relapse

Verbal IQ, Rho (p) IGT original version
net score, Rho (p)

IGT variant version
net score, Rho (p)

Global impairment in original
and variant IGTs, Rho (p)

Relapse −0.51 (0.003) −0.20 (0.26) −0.47 (0.008) 0.45 (0.01)

Verbal IQ 0.55 (0.001) 0.19 (0.30) −0.50 (0.004)

IGT original version net score −0.05 (0.77) −0.53 (0.002)

IGT variant version net score −0.67 (0.0001)

Table 3 Sensitivity and specific-
ity of the regression model in-
volving Iowa Gambling Tasks’
net scores and IQ scores as pre-
dictors and cocaine relapse as
dependent measure

Observed Predicted group membership Negative/positive
predictive value

Non-relapse Relapse

Non-relapse 9 (90) 2 (9.5) 81.8

Relapse 1 (10) 19 (90.5) 95

Overall 90.3
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are linked to poorer addiction treatment outcome (Reske and
Paulus 2008). Conversely, performance IQ was not associated
with relapse. In contrast to verbal IQ, performance IQ is
substantially less influenced by demographic factors
(Crawford et al. 1989). Moreover, it has been specifically
associated with the function of dorsomedial and dorsolateral
prefrontal-striatal brain networks (Burgaleta et al. 2013; Gong
et al. 2005). These brain networks are primarily involved in
executive control skills (Bissonette et al. 2013; Monchi et al.
2001) and are relatively independent from brain networks
involved in value-based decision-making (Glascher et al.
2012). Interestingly, executive control skills have been signif-
icantly associated with addiction treatment process outcomes
(treatment retention or treatment commitment; Aharonovich
et al. 2003, 2006, 2008; Streeter et al. 2008; Turner et al. 2009)
but not with relapse (Passetti et al. 2008). Conversely, the
opposite is true for decision-making measures, which are
predictive of relapse (De Wilde et al. 2013; Passetti et al.
2008; Paulus et al. 2005) but not of treatment process indica-
tors (Verdejo-Garcia et al. 2012). Therefore, our results, to-
gether with previous findings, point to the existence of sepa-
rate pathways, with executive control measures linked to
treatment process (but not relapse) and decision-making mea-
sures linked to long-term relapse (but not treatment process).
This dissociation is reminiscent of findings from the preclin-
ical literature, in which impulsive choice (but not impulsive
action) is predictive of cue-induced stimulant relapse (Broos
et al. 2012; Diergaarde et al. 2008).

Overall, this study shows that cocaine-dependent users
with decision-making profiles characterized by insensitivity
to future consequences are at higher risk of relapse. These
findings provide novel insights about decision-making pro-
files associated with relapse. Our findings as well show that
the combined use of two decision-making tests and an IQ test
can provide accurate detection of treatment participants at risk
of relapse. Both decision-making and IQ tests can be easily
implemented in clinical settings, and therefore, our findings
have clear potential for translation. Moreover, our results
identify an important target for behavioral and pharmacolog-
ical interventions for cocaine dependence. This study has
important strengths. First, we recruited and examined a care-
fully selected and clinically representative sample of cocaine
users without other substance dependences or medical comor-
bidities. The study sample (followed up at 3 months) was
extracted from a larger cohort of treatment commencers that
performed comprehensive diagnostic assessments and base-
line cognitive measures under supervised abstinence.
Although there was a risk of a self-selection bias in the
retained subsample, preliminary analyses showed that there
were no significant differences between non-retained and
retained participants on demographic, clinical, or cognitive
variables. Second, we incorporated an objective assessment
of cocaine relapse. This is an important advantage relative to

self-report, since empirical and meta-analytic studies compar-
ing the two methodologies have revealed significant
underreporting of cocaine use in clinical samples of cocaine
users (Hjorthoj et al. 2012; Ledgerwood et al. 2008). A
potential disadvantage of hair-indexed relapse is the debatable
nature of cut-offs. Therefore, we established a stringent cut-off
(<0.3 ng/mg) based on the current legal European standards
(≤0.5 ng/mg) (Agius and Kintz 2010). Moreover, the use of
more conservative cut-offs did not change the results,
supporting the reliability and validity of this approach.
Third, our results were fairly consistent with previous findings
collected by different groups on diverse treatment samples,
including alcohol, opiates, or methamphetamine users (De
Wilde et al. 2013; Passetti et al. 2008; Paulus et al. 2005),
and patients with bipolar diagnoses and concurrent cocaine
use (Nejtek et al. 2013). Replication across studies emphasizes
the reliability of decision-makingmeasurements for prediction
of relapse and the generalizability of this linkage. The main
limitation of the study refers to the limited sample size and to
the fact that the main findings apply to a fraction of that
sample (about one-third of participants). To address this lim-
itation and to avoid the risk of type I error, we have conducted
the most appropriate statistical analyses for the data distribu-
tions (Lehmann 1998), and we have checked the fulfillment of
required assumptions for all statistical analyses. Moreover, in
support of validity, there is previous evidence about the exis-
tence of this subpopulation of stimulant-dependent users with
poor decision-making skills in larger samples (Bechara et al.
2002) and evidence about the impact of decision-making on
relapse in different populations. Here, we provide novel find-
ings about the clinical relevance of this particular decision-
making profile for identifying at-risk patients and fostering
tailored interventions.
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