Neuropsychology Review (2019) 29:79-92
https://doi.org/10.1007/511065-018-9384-6

REVIEW

@ CrossMark

Neuropsychological Interventions for Decision-Making in Addiction:
a Systematic Review

Antonio Verdejo-Garcia' (® - Miguel A. Alcazar-Cércoles ' - Natalia Albein-Urios>

Received: 11 January 2018 /Accepted: 17 August 2018 /Published online: 26 September 2018
© Springer Science+Business Media, LLC, part of Springer Nature 2018

Abstract

Decision-making deficits are strong predictors of poor clinical outcomes in addiction treatment. However, research on interven-
tions that address decision-making deficits among people with addiction is scarce and has not been analyzed. We aimed to
systematically review evidence on neuropsychological interventions for decision-making deficits in addiction to identify prom-
ising therapies. Eligibility criteria were (1) participants with a diagnosis of substance use or behavioral addictive disorders, (2)
interventions consisting of (neuro) psychological treatments that address decision-making, (3) comparators comprising control
(sham) interventions, treatment as usual or no-treatment, (4) outcomes including a decision-making task, and (5) studies includ-
ing RCTs and non-randomized trials. Search terms included addiction (or alcohol/drug/substance use/gambling) AND treatment
(or specific interventions) AND decision-making (or specific tasks). The search yielded 728 hits, and two independent assessors
agreed on the final selection of 12 articles. Interventions included Contingency Management (3 studies), Working Memory
Training (2 studies) Goal Management Training (2 studies), Cognitive Behavioral Therapy (2 studies), Reality Therapy,
Motivational Interview and Monetary Management. The main outcome measures were tasks of delay discounting, risk-taking
and reward-based decision-making. Results showed that Goal Management Training improves reward-based decision-making,
while Contingency Management combined with Cognitive Behavioral Therapy has beneficial effects on delay discounting. The
evidence on Working Memory Training and Cognitive Behavioral Therapy as stand-alone treatments was mixed. Motivational
Interview and Monetary Management had no significant effects on decision-making. Bias control across studies was moderate.
We conclude that Goal Management Training and Contingency Management combined with Cognitive Behavioral Therapy have
potential to modify decision-making in people with addiction. RCTs are needed to establish the efficacy of these interventions.
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Introduction for health, productivity and social relationships (American

Psychiatric Association 2013). This description suggests an
Addictive disorders involve excessive, often uncontrolled  underlying dysfunction of decision-making skills. Early in-
drug use or gambling despite clear negative consequences  sights about this notion ignited a large body of neuropsychol-
ogy research that observed decision-making deficits in people
with addiction (Bechara and Damasio 2002; Bechara et al.
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(Bechara 2005). The latter deficits are linked to abnormalities
in the “cognitive control system” (the dorsolateral prefrontal
cortex, anterior cingulate and their connections with the stria-
tum) or the “emotional system” (the ventromedial prefrontal
cortex, amygdala and insula: Noél et al. 2013; Redish et al.
2008; Verdejo-Garcia and Bechara 2009).

The significance of decision-making deficits in the context
of addiction is clearly illustrated by meaningful associations
between these deficits and higher risk of transitioning between
recreational and harmful use (Stewart et al. 2017; Stewart et al.
2013), and drug relapse after treatment (Stevens et al. 2015;
Verdejo-Garcia et al. 2014). Moreover, retuning of reward
values and re-engagement with future goals is frequently re-
ported in the context of natural recovery from addiction
(Heyman 2009). Given the relevance of decision-making for
addiction liability and recovery, psychological interventions
targeting decision-making skills are well poised to make a
difference in the context of addiction treatment.
Unfortunately, very few therapeutic approaches have specifi-
cally focused on decision-making mechanisms. The available
options can be grouped in two main families (1) neuropsycho-
logical interventions, including strategy-based cognitive reha-
bilitation and exercise-based cognitive training (e.g., rehabil-
itation of executive functions, working memory training), and
(2) psychological interventions that address reward learning
and cognitive control (e.g., contingency management, cogni-
tive behavioral therapy). The first group uses neuropsycholo-
gy principles (brain-behavior relations) to inform therapeutic
strategies and exercises aimed to modify cognitive, including
decision-making, skills. The second group uses general prin-
ciples of cognitive-behavior change, such as operant learning
and cognitive restructuring, to modify cognitive beliefs and
behavioral patterns. As many of these beliefs and patterns are
directly linked to decision-making, these strategies can indi-
rectly address decision-making mechanisms. In the following
lines, we briefly describe the specific approaches that directly
or indirectly are aimed at neurocognitive systems of decision-
making.

In the context of neuropsychological interventions, Goal
Management Training is a comprehensive, interactive pro-
gram aimed to retrain executive functions (Levine et al.
2007). Relevant to decision-making, Goal Management
Training places specific emphasis on goal-based strategies that
can override automatic responses including reward-driven be-
haviors and habits (Levine et al. 2011). It also includes a
specific module on decision-making, which focuses on train-
ing a mindful, goal-focused approach to complex decisions.
With regard to cognitive training, computerized Working
Memory Training has been proposed to reduce impulsive
decision-making (Bickel et al. 2014). The rationale here is that
working memory exercises can strengthen the cognitive con-
trol system, and hence boost cognitive representations of fu-
ture goals (Wesley and Bickel 2014). In the context of
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psychological interventions, Contingency Management is a
relatively specific approach to modify the “reward system”
of decision-making (Shoptaw 2014). Contingency
Management typically consists of exchanging evidence of ab-
stinence (e.g., negative drug tests) for valuable rewards (e.g.,
monetary vouchers). In this way, the intervention replaces
drug rewards with another powerful and immediate incentive,
contributing to progressive normalization of the “brain reward
system”, and modification of decision-making priorities
(Stanger et al. 2013). More generally, Cognitive Behavioral
Therapy tackles some of the thinking bases of dysfunctional
decision-making (e.g., the belief that craving reflects the
“need” to take drugs or gamble) and trains specific goal-
oriented strategies such as relapse prevention. Third-
generation therapies, such as Mindfulness, Motivational
Interview or Reality Therapy, focus on reconciling goals with
motivations and emotions. By strengthening these links, they
can potentially increase cognitive and emotional representa-
tions of goal states, and indirectly improve cognitive control
(Feldstein Ewing et al. 2011).

A first step towards assessing the usefulness of the inter-
ventions described above in the context of addiction treatment
is to evaluate their impact on cognitive measures of decision-
making. Based on neuropsychological models of decision-
making, we considered outcomes related to four cognitive
mechanisms (1) reflection-impulsivity, (2) delay discounting,
(3) decision-making under risk, and (4) decision-making un-
der ambiguity (Schiebener and Brand 2015; Verdejo-Garcia
et al. 2018). Reflection impulsivity refers to the amount of
information that is collected before making a decision, either
in open situations or within a “risk-reward trade-off scenario”
where gathering more information is linked to less reward
(Clark et al. 2006). Delay discounting relates to choices be-
tween lower immediate rewards and larger more delayed re-
wards (e.g., between $5 now and $50 in 3 months: Bickel and
Marsch 2001). Decision-making under risk, or risk-taking,
consists on choosing between options that contain explicit
information about their outcomes. Conversely, decision-
making under uncertainty involves choices between options
with unknown or hardly accessible outcomes (Brand et al.
2006). Most of these cognitive paradigms involve conflict
between immediate reward and long-term goals. Therefore,
they mimic the decision-making deficits observed in people
with addictive disorders, although it is often difficult to dis-
ambiguate if poor decisions are driven by reward sensitiza-
tion, “myopia for the future” or both (Bechara 2005).
Although more specific measures of the reward and goal sys-
tems have been developed (Daw et al. 2011), these measures
have not yet permeated intervention studies.

This study aims to systematically review the evidence on
neuropsychological and psychological interventions for
decision-making deficits in the context of addiction.
Specifically, we tested the effect of interventions that directly
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or indirectly address the neurocognitive mechanisms of
decision-making on performance in cognitive measures of
decision-making among clinical populations with addictive
disorders, including substance use and behavioral addictions.
Although recent narrative reviews have provided scientific
foundations for the therapeutic potential of neuropsychologi-
cal interventions in the context of addiction (Rezapour et al.
2016; Verdejo-Garcia 2016), no previous reviews have fo-
cused on decision-making interventions or adopted a system-
atic approach. We sought to provide initial evidence for the
usefulness of psychological or neuropsychological interven-
tions that address decision-making skills in the context of
addiction, and to distil information about which interventions
or aspects of the interventions are more promising to inform
further research. Our working hypothesis was that selected
interventions would produce significant improvement of
decision-making skills, with better results for those interven-
tions that directly target the neurocognitive systems of deci-
sion-making, namely, reward, emotion and cognitive control.

Methods

We conducted a systematic review, reported in alignment with
the Preferred Reporting Items for Systematic reviews and
Meta-Analyses guidelines (PRISMA; Liberati et al. 2009).
The PRISMA checklist is provided in Supplementary
Material.

Protocol and Registration

The review protocol has not been specified or published in
advance.

Eligibility Criteria

The eligibility criteria were defined as follows (1) participants
of both genders aged >18 with a diagnosis of substance use or
behavioral addictive disorders, (2) interventions consisting of
neuro-psychological treatments and psychosocial interven-
tions that address decision-making skills, (3) comparators
comprising control or sham interventions (i.e., matched to
the active intervention in appearance and exposure but lacking
active ingredients) or treatment as usual (e.g., Cognitive
Behavioral Therapy, therapeutic community) or no-treatment
(i.e., control participants underwent pre-post assessments, but
they did not receive any psychological or neuropsychological
intervention), (4) outcome measures including at least one
cognitive task of decision-making (as defined in the
Introduction section), (5) study designs including randomized
controlled trials (RCT) and non-randomized trials.

Information Sources

We only considered studies in English, published or ahead of
print in peer-reviewed journals, and did not impose limits on
year of publication. Studies were identified by searching elec-
tronic databases and inspecting reference lists of articles. This
search was applied to Scopus (29 August 2017-8 September
2017), Pubmed and PsycINFO (in both cases 29 August
201711 September 2017). The last search was conducted
on 11 September 2017.

Search

We used the following search terms to search all databases:
addiction (or alcohol/drug/substance use/gambling) AND treat-
ment (or intervention or specific exemplars e.g. contingency
management, cognitive training) AND decision-making (or spe-
cific tasks e.g., lowa Gambling Task: see details in
Supplementary Material, Table S1). We excluded book chapters,
letters and editorials, as well as studies including participants
with a primary diagnosis of other psychiatric disorders and phar-
macological treatments. Although reviews were included in the
search to scan reference lists for identification of studies that met
inclusion criteria, they were ineligible for inclusion.

Study Selection

The eligibility assessment was conducted independently by
two reviewers (AVG and MAC) using an unblinded, standard-
ized, systematic approach employing the software Rayyan
(Ouzzani et al. 2016). Disagreements between the two re-
viewers were resolved via discussion and consensus.

Data Collection Process and Data Items

We developed a data extraction table including the following
variables: authors, publication year, country, participants (gen-
der, age), diagnoses, interventions, comparators, duration and
intensity of interventions and comparators, design, setting,
outcomes, and means and standard deviations (SDs) for out-
come measures. When means and SDs were not available, we
requested them from the respective study corresponding au-
thors via email. The data were coded as non-reported when
two successive emails were unanswered.

Summary Measures

The key summary measure was the effect size of the standard-
ized mean difference between the intervention and the compar-
ator, expressed in Hedge’s g with 95% confidence interval.
Hedge’s g was calculated using the formula described by
Morris (2008) and detailed by Huntley et al. (2015), which is
based on the mean pre-post change in the intervention group
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minus the mean pre-post change in the comparator group, divid-
ed by the pooled pre-intervention standard deviation. We also
computed the measure of effect in absolute units, that is, raw
difference in mean change scores between the intervention and
the comparator with 95% confidence interval, using the formulas
defined by the Agency for Healthcare Research and Quality (Fu
et al. 2013). Note that absolute effects are not comparable across
studies, unlike Hedge's g, and need to be interpreted in terms of
the respective means and standard deviations of the measures
reported (see Supplementary Material, Table S2).

Risk of Bias

Two independent assessors (MAC and NAU) evaluated the
risk of bias across studies using the 13-item scale developed
by Thompson et al. (2017) for systematic reviews on interven-
tion studies. We chose Thompson’s scale over other well-
validated measures of risk of bias in randomized trials (e.g.,
Higgins et al. 2011) because its items were more representa-
tive of the designs and methodologies of the majority of the
selected studies, which were mostly non-randomized trials or
secondary analyses of RCTs.

Planned Method of Analysis

We chose not to perform a meta-analysis, given the multiple
sources of heterogeneity in terms of study designs, treatment
approaches and outcome measures scattered among different
cognitive domains of decision-making, as well as the limited
(or lack of) outcome data reported in some of the selected
studies. Thus, we adopted a narrative approach to discuss
the findings of selected studies.

Results
Search Results

Results are displayed in Fig. 1. Our search identified 842
hits and 728 unique articles after removal of duplicates (see
details in Supplementary Material, Table S3). One article
(Valls-Serrano et al. 2016) was manually added at this
stage. After inspection of titles and abstracts we kept 27
articles to read in full. Based on consensus between the two
assessors, 12 of 27 were selected for analysis. Reasons for

Fig. 1 Flowchart of the search
strategy and results

Search results = 842 hits
SCOPUS - 368
PUBMED - 221

PSYCINFO - 253

v

_ | 1 article added by manual search

Reasons for exclusion:
Duplicates SCOPUS -2
PUBMED - 34
PSYCINFO - 77

1 duplicate manual
Total duplicates = 114

Rejection of 702 articles by title and
abstract

27 articles were checked
in abstract and full text.

—

Reasons for exclusion:

6 — no neuropsychological or psychological intervention
4 —no control group for active intervention

4 —no cognitive measures of decision-making

1 —full text unavailable, no cognitive measures of decision-
making according to Abstract

assessments

12 articles selected and
included in quality
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exclusion were lack of neuropsychological or psychologi-
cal interventions, adequate comparators, or cognitive tasks
of decision-making among the outcome measures.

The 12 selected articles included three studies using
Contingency Management (Kiluk et al. 2017; Peters et al.
2013; Weidberg et al. 2015), two studies using Working
Memory Training (Bickel et al. 2011; Rass et al. 2015), two
studies using Goal Management Training (Alfonso et al. 2011;
Valls-Serrano et al. 2016), two studies using Cognitive
Behavioral Therapy (Carroll et al. 2011; Tavakolian and
Abolghasemi 2016), and one study using each of the follow-
ing interventions, Advisor-Teller Money Management (Black
and Rosen 2011), Chess training plus Motivational Interview
(Gongalves et al. 2014), and Reality Therapy (Yao etal. 2017).

Summary of Study Designs

All studies were conducted among clinical populations, 5 in
miscellaneous substance users, 2 in opioid users, 2 in cocaine
or amphetamine users, and 1 in each of the following: tobacco,
marijuana and Internet gaming). We included the Internet
gaming study, as this is recognized as a relevant clinical entity
by current diagnostic and classification systems (American
Psychiatric Association 2013; World Health Organisation
2016). Most studies had small sample sizes (range: 27-116
participants). Only one study was a randomized controlled
trial (RCT) specifically designed to test the impact of the ac-
tive intervention on cognitive decision-making measures
(Rass et al. 2015). The remaining studies were secondary
analyses of a larger RCT (Black and Rosen 2011; Carroll
etal. 2011; Peters et al. 2013; Weidberg et al. 2015), and pilot
and proof of concept studies (Alfonso et al. 2011; Bickel et al.
2011; Gongalves et al. 2014; Kiluk et al. 2017; Tavakolian and
Abolghasemi 2016; Valls-Serrano et al. 2016; Yao et al.
2017).

Most studies compared the active intervention with treat-
ment as usual (Alfonso et al. 2011; Carroll et al. 2011; Valls-
Serrano et al. 2016), sham training (Bickel et al. 2011; Black
and Rosen 2011; Rass et al. 2015) or no-treatment (Tavakolian
and Abolghasemi 2016; Yao et al. 2017). In Peters et al.
(2013) and Weidberg et al. (2015) Contingency
Management was tested in the context of Cognitive
Behavioral Therapy (i.e., Contingency Management plus
Cognitive Behavioral Therapy versus Cognitive Behavioral
Therapy alone). In Kiluk et al. (2017) Contingency
Management was tested in the context of Cognitive
Remediation Training (i.e., Contingency Management plus
Cognitive Remediation Training versus Cognitive
Remediation Training alone), and incentives were paired with
Cognitive Remediation Training progress. Some studies com-
bined more than one intervention in the active condition. In
Bickel et al. (2011) Working Memory Training was motivated
with monetary reimbursements, which is a form of

Contingency Management. In Gongalves et al. (2014)
Motivational Interviewing was combined with Chess training,
an ecological approach to cognitive remediation. Moreover,
Goal Management Training and Reality Therapy studies in-
cluded mindfulness practice. Notwithstanding these treatment
schedule complications, we present the findings organized by
main active intervention tested.

The outcome measures of decision-making included (1)
reflection impulsivity, measured by the Information
Sampling Task (Clark et al. 2006), (2) delay discounting, mea-
sured with hypothetical tests such as computerized tasks with
adaptive procedures to estimate discounting rates (Holt et al.
2012; Johnson et al. 2007) and the Monetary Choice
Questionnaire (Kirby et al. 1999) or experiential tasks that
provide actual monetary incentives (Reynolds and
Schiffbauer 2004), (3) risk-taking, measured with the
Balloon Analogue Risk Task (Lejuez et al. 2002), and (4)
decision-making under uncertainty, measured by the Towa
Gambling Task (Bechara et al. 2000).

Findings Grouped by Intervention

Table 1 provides a summary of the 12 studies selected, includ-
ing description of design, active and control intervention con-
ditions, sample size and participants, treatment setting, out-
come measures, main findings and effect sizes, as well as bias
scores.

Goal Management Training

Two studies by the same group have tested Goal Management
Training plus treatment as usual (TAU) versus TAU alone
among participants with miscellaneous substance use disor-
ders and polysubstance use patterns (Alfonso et al. 2011;
Valls-Serrano et al. 2016). Goal Management Training includ-
ed mindfulness practice, response inhibition training and goal
monitoring and decision-making strategies. In Alfonso et al.
2011 TAU consisted of community-based counseling and re-
lapse prevention, whereas in Valls-Serrano et al. 2016 TAU
was residential therapeutic community treatment. In Valls-
Serrano et al. (2016), but not Alfonso et al. (2011), participants
were randomized to treatment conditions, and in both studies
the treatment groups were matched on relevant background
characteristics (age, years of education, lifetime drug use).
Outcomes consisted of tasks of executive functions and deci-
sion-making, including reflection impulsivity, namely,
Information Sampling Task (Valls-Serrano et al. (2016) and
decision-making under uncertainty, namely, lowa Gambling
Task (Alfonso et al. (2011). The two studies showed signifi-
cant time by treatment interaction effects on key outcomes,
that is, participants enrolled in Goal Management Training
performed significantly better than those in TAU on the
Iowa Gambling Task and the Information Sampling Task after
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7 to 8 weeks of training. In Alfonso et al. (2011), the Hedges'’s
g was 0.85 (95% CI -4.20, 5.90) for the lowa Gambling Task
scores and the absolute measure of effect was 12.69 (95% CI
4.38, 21.00). In Valls-Serrano et al. (2016), the Hedges'’s g
were 0.69 (95% CI -0.69, 2.07) and —0.89 (95% CI -1.36,
—0.42) for the Information Sampling Task, number of boxes-
opened and error scores, respectively, while the absolute mea-
sures of effect were 2.74 (95% C1 0.20, 5.28) and — 1.19 (95%
CI-1.92, —0.46), respectively.

Working Memory Training

Two studies have tested computerized Working Memory
Training versus sham training, one in cocaine and meth-
amphetamine users (Bickel et al. 2011), and one in opioid
users on methadone substitution therapy (Rass et al.
2015). Bickel et al. (2011) compared a progressive,
voucher-incentive Working Memory Training with pas-
sive, non-incentive control (the program provided the cor-
rect answers to the cognitive exercises) using a yoked
design, whereas Rass et al. (2015) compared a progres-
sive, non-incentive Working Memory Training with active
control (non-progressive working memory exercises) in a
parallel-group RCT. Both studies used a broad battery of
cognitive measures including hypothetical delay
discounting, and risk-taking and reward-based decision-
making (Balloon Analogue Risk Task and lowa
Gambling Task: Rass et al. 2015). Bickel et al. (2011)
found significant time x treatment interaction effects on
delay discounting, such that participants in the Working
Memory Training condition significantly reduced
discounting rates, compared to controls, after 25 days of
training. The Hedges’s g were —0.55 (95% CI -1.38,
0.27), —0.54 (95% CI -1.46, 0.39) and —0.57 (95% CI -
1.37, 0.23) for the R100, H100 and H1000 % scores re-
spectively, while the absolute measures of effect were
—1.20 (95% CI -2.53, 0.13), —1.30 (95% CI -2.87, 0.27)
and —1.20 (95% CI -2.69, 0.29), respectively. Conversely,
Rass et al. (2015) did not find significant interaction ef-
fects of Working Memory Training on delay discounting
or any other decision-making measures after similar ex-
posure to training (25 sessions across 5 to 8 weeks). The
Hedges’s g were—0.03 (95% CI -0.11, 0.04) for the
Hypothetical Delay Discounting Task and 0.18 (95% CI
0.11, 0.25) for the Quick Discounting Operant Task area
under the curve scores, and 0.04 (95% CI -5.94, 6.02) for
the lowa Gambling Task score. The absolute measures of
effect were—0.01 (95% CI -0.14, 0.12) for the
Hypothetical Delay Discounting Task and 0.05 (95% CI
-0.08, 0.18) for the Quick Discounting Operant Task area
under the curve scores, and 0.90 (95% CI -10.18, 11.98)
for the lowa Gambling Task score.

@ Springer

Cognitive Behavioral Therapy

Two studies have examined the effects of Cognitive
Behavioral Therapy, one including participants with miscella-
neous substance use disorders (Carroll et al. 2011) and one in
participants with opioid use disorder (Tavakolian and
Abolghasemi 2016). Carroll et al. (2011) tested the impact
of 8 weeks of computer assisted Cognitive Behavioral
Therapy versus TAU (a range of goal-directed change strate-
gies), whereas Tavakolian and Abolghasemi (2016) compared
the Meichenbaum Cognitive Restructuring Training (six
45 min sessions across 21 days) with no intervention in the
context of opioid detoxification. Both studies randomized par-
ticipants to treatment conditions and assessed an outcome rel-
evant to decision-making using risk-taking (Balloon
Analogue Risk Task: Carroll et al. 2011) and decision-
making under uncertainty (Iowa Gambling Task: Tavakolian
and Abolghasemi 2016). Tavakolian and Abolghasemi (2016)
showed significant effects of the Meichenbaum training ver-
sus no intervention on decision-making in the lowa Gambling
Task, Hedges’s g=0.77 (95% CI -2.93, 4.46) and absolute
measure of effect=7.86 (95% CI 2.07, 13.65). However,
Carroll et al. (2011) did not find significant time x treatment
interaction effects on risk-taking outcomes; data to calculate
effect size was not available.

Contingency Management

Two studies compared Contingency Management plus
Cognitive Behavioral Therapy with Cognitive Behavioral
Therapy alone, one in participants with cannabis use disorder
(Peters et al. 2013), and one in participants with tobacco use
disorder (Weidberg et al. 2015). Peters et al. (2013) applied a
12 week treatment program and followed up participants after
12 months, while Weidberg et al. (2015) applied a six week
program and assessed changes after treatment and at six
months follow-up. Both studies randomized participants to
treatment conditions, and used delay discounting measures
as decision-making outcomes, experiential discounting task
in Peters et al. (2013), and hypothetical discounting in
Weidberg et al. (2015). Peters et al. (2013) found that partic-
ipants enrolled in Cognitive Behavioral Therapy alone in-
creased their delay discounting rates after 12 months (i.e.,
made more impulsive decisions), whereas those enrolled in
Contingency Management plus Cognitive Behavioral
Therapy maintained similar discounting rates, Hedges’s
2=-1.07 (95% CI -1.25, —0.88) and absolute measure of
effect=—0.96 (95% CI -1.39, 0.53). Weidberg et al. (2015)
did not find a significant interaction effect on delay discounting
after 6 week. However, they found a significant interaction
between gender and treatment condition, meaning that women
enrolled in Contingency Management plus Cognitive
Behavioral Therapy showed greater reductions of delay
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discounting after 6 weeks of treatment, Hedges's g effect size =
0.65 (95% CI -3.26, 4.56) and absolute measure of effect =
11.00 (95% CI 2.99, 19.01), and at six-month follow-up,
Hedges’s g effect size = 0.24 (95% CI -3.67, 4.15) and absolute
measure of effect =4.00 (95% CI -3.81, 11.81).

Kiluk et al. (2017) compared 4 weeks of Contingency
Management plus Cognitive Remediation Training versus
Cognitive Remediation Training alone in a sample with mis-
cellaneous substance use disorders. Cognitive Remediation
Training included 12 sessions of attention, memory and prob-
lem solving exercises, and Contingency Management was
paired with progress in the exercises. Participants were ran-
domized to treatment conditions, and outcomes of interest
included tasks of hypothetical delay discounting and risk-
taking (Balloon Analogue Risk Task) among other more gen-
eral cognitive indices. Results did not show significant inter-
action effects on the decision-making outcomes: Hedges's g
effect size =—0.06 (95% CI -4.42, 4.29) and absolute measure
of effect=—0.90 (95% CI -7.97, 6.17) for Balloon Analogue
Risk Task number of pumps, Hedges’s g effect size=0.25
(—=0.50, 1.00) and absolute measure of effect=0.60 (95% CI
-0.65, 1.85) for Balloon Analogue Risk Task popped balloons,
and Hedges'’s g effect size =—0.22 (95% CI -7.42, 6.98) and
absolute measure of effect=—5.10 (95% CI -17.98, 7.78) for
the delay discounting area under the curve. However, second-
ary analyses showed a moderating effect of attention exer-
cises, meaning that participants enrolled in Contingency
Management plus Cognitive Remediation Training that made
more progress on attention exercises significantly reduced
risk-taking after 4 weeks.

Other Interventions

Three other interventions have been tested in one study each.
Black and Rosen (2011) examined the effects of the “Advisor-
Teller Money Manager intervention,” which consists of goal-
based strategies for money management, versus control (a
budget workbook and similar contact with researchers) among
participants with cocaine and alcohol use disorders.
Participants were randomized to treatment conditions, and hy-
pothetical delay discounting measured with the Monetary
Choice Questionnaire (Kirby et al. 1999). Findings showed
no significant effects of Advisor-Teller Money Manager ver-
sus control on delay discounting rates, data was not available
for effect size calculations.

Two non-randomized proof of concept trials have exam-
ined the effects of innovative group interventions. Gongalves
et al. (2014) examined the effect of Chess training plus
Motivational Interviewing, compared to active control
(Motivational Interviewing and recreational activities), in par-
ticipants with cocaine use disorder. The Chess training was
aimed to improve cognitive control and planning abilities,
while Motivational Interviewing was designed to generalize

those skills to everyday life goals. Although the Chess plus
Motivational Interviewing program had positive effects on
attention skills after 4 weeks (10 sessions), it did not show
significant effects on decision-making measured with the
Iowa Gambling Task, Hedges's g effect size =0.05 (95% CI
-0.18, 0.28) and absolute measure of effect=0.04 (95% CI -
0.75, 0.83). Finally, in the only study conducted in participants
with Internet gaming disorder, Yao et al. (2017) examined the
effect of Reality Therapy, which included planning strategies
and mindfulness practice, versus no intervention in a healthy
control group on measures of delay discounting (Monetary
Choice Questionnaire) and risk-taking (Balloon Analogue
Risk Task). Therapy sessions focused on self-monitoring strat-
egies for impulsive behavior, and ended with a short mindful-
ness practice. After 6 weeks of training, participants enrolled
in Reality Therapy showed significantly lower rates of delay
discounting, Hedges’s g effect size=—0.77 (95% CI -0.94,
—0.60) and absolute measure of effect=—0.41 (95% CI -
0.71, —0.11), but no differences in risk-taking (Balloon
Analogue Risk Task number of pumps), Hedges's g effect size
=-0.20(95% CI1-5.52,5.11) and absolute measure of effect =
—3.36 (—11.94, 5.22). Nonetheless, a secondary index of risk-
taking in the Balloon Analogue Risk Task (popped balloons)
showed a medium effect size, Hedges’s g=—0.59 (95% CI -
1.75, 0.57) and absolute measure of effect=—2.12 (95% CI -
4.55, 0.31), although this was mostly driven by increased risk-
taking in the post- assessment of the control group.

Assessment of Risk Bias

The mean risk-of-bias across studies was 9.8 (SD = 1.6) on the
Thompson et al. (2017) scale, which ranges from 0 to 13
(higher scores indicate less bias: Table 1). Detailed assess-
ments are provided in Table S4 in the Supplementary
Material. The main biases related to lack of standard RCT
procedures, such as randomization, blinding and description
of non-completers data.

Discussion

Consistent with our general hypothesis, we observed moder-
ate (medium-large) beneficial effects of interventions directed
at specific mechanisms of decision-making, such as Goal
Management Training (cognitive control and emotional sys-
tems — the latter via mindfulness) and Contingency
Management (reward system). The evidence was mixed for
less specific interventions such as computerized Working
Memory Training and Cognitive Behavioral Therapy, al-
though the combination of these therapies with Contingency
Management showed promising effects, and may partly ex-
plain the benefits of Contingency Management. Reality
Therapy, including mindfulness practice, showed promising
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results in one trial, whereas Motivational Interview and
Monetary Management had no beneficial effects on
decision-making outcomes. Although risk-of-bias ratings
were acceptable, the literature on this area is scarce, and dom-
inated by pilot and proof of concept studies and secondary
analyses of larger RCTs.

The moderate efficacy of Goal Management Training and
Contingency Management may be explained by specificity to
the neurocognitive systems of decision-making. Goal
Management trains cognitive control using response inhibi-
tion and sustained attention exercises, and emotional aware-
ness via mindfulness practice. After consolidating these skills,
they are integrated in a concrete decision-making strategy
(Stop — State goal — Check outcomes), which is practiced in
real-life projects (Levine et al. 2011). These skills and strate-
gies can promote a more cautious approach to decision-
making (increased reflection) and boost representations of
action-outcome relationships during decisions under uncer-
tainty (Verdejo-Garcia et al. 2018). Contingency
Management focuses on retraining the reward system, with
monetary payments replacing drug-related rewards, and com-
munity reinforcers promoting diversification of reward expe-
riences versus drug-related sensitization or prioritization
(Feldstein Ewing et al. 2011). This approach can reduce the
appeal of reward-like signals in risk-taking tasks, and increase
the value of non-drug, delayed rewards in delay discounting
tasks (Shoptaw 2014). It is however important to consider that
Goal Management Training and Contingency Management
have been tested in the context of treatment as usual or con-
current interventions. Therefore, participants were more likely
to be highly motivated and benefit from more general aspects
of standard therapy (Gladwin et al. 2017). In the case of
Contingency Management the combination with Cognitive
Remediation or Cognitive Behavioral Therapy can also have
additive or synergistic effects on the reward and cognitive
control systems (Manning et al. 2017).

The beneficial effects of Goal Management Training and
Contingency Management should not mask important biases.
In the case of Goal Management Training, the two studies
reviewed are from the same group, and one study was not
randomized, which increases the risk of self-selection bias.
There is yet another independent study that has shown bene-
ficial effects of Goal Management Training on executive func-
tions in people with methamphetamine use disorder, but it did
not measure decision-making outcomes (Casaletto et al.
2016). In the case of Contingency Management, none of the
studies showed a clear-cut superiority of Contingency
Management versus control interventions. In two of the three
Contingency Management trials beneficial effects were con-
fined to specific subgroups, namely, women and participants
with greater progress on concurrent attentional training (Kiluk
etal. 2017; Weidberg et al. 2015), and in the third trial the time
by treatment effects were partly attributable to deterioration in

@ Springer

the control group (Peters et al. 2013). These considerations
can be informative for subsequent trials, which should com-
bine Contingency Management with other complementary in-
terventions, such as cognitive remediation of attention or cog-
nitive control, and take account of individual differences in
therapeutic effects.

The mixed evidence for Working Memory Training and
Cognitive Behavioral Therapy can be explained by important
differences between studies. In the case of Working Memory
Training, beneficial effects on decision-making were observed
in a proof of concept study in stimulant users who received
monetary incentives linked to training progress (Bickel et al.
2011), whereas no treatment effects were observed in an RCT
in opioid users with no training-related incentives (Rass et al.
2015). The training programs used in these studies were also
different (PSSCogReHab versus Cogmed), although both had
similar exercises and active principles, such as adaptability, as
well as comparable intensity. Since the PSSCogReHab pro-
gram plus Contingency Management also had beneficial ef-
fects in the study by Kiluk et al. (2017), one possibility is that
Working Memory Training, or cognitive training more gener-
ally, works better in the context of a concurrent incentive
program due to additive effects on cognitive control and re-
ward systems. Another possibility relates to differences in risk
of bias, as the RCT design has greater experimental control
and power.

In the case of Cognitive Behavioral Therapy, beneficial
effects on decision-making were observed in a small pilot
study using the Meichenbaum’s Cognitive Behavioral
Therapy approach in opioid users (Tavakolian and
Abolghasemi 2016), whereas no treatment effects were ob-
served in secondary analyses of a larger RCT that tested the
efficacy of computer-assisted Cognitive Behavioral Therapy
in people with miscellaneous substance use disorders (Carroll
etal. 2011). The studies also had different control groups, and
it is possible that the superiority of the Meichembaum ap-
proach is due to comparison with no-intervention versus the
more stringent comparison between computer-assisted
Cognitive Behavioral Therapy and treatment as usual (van
de Ven et al. 2016). These studies also differed in terms of risk
of bias, with the study at lower risk yielding no beneficial
effects (Carroll et al. 2011). However, neither of the two stud-
ies was well poised to yield definite conclusions, and more
research is needed to establish if some forms of Cognitive
Behavioral Therapy can have beneficial effects for decision-
making skills in the context of addiction.

The beneficial effects of Reality Therapy on delay
discounting among gamers will need replication in indepen-
dent studies with adequate control groups. Some active ingre-
dients of the therapy, such as planning and commitment, are
well aligned with long-term based decision-making as mea-
sured by delay discounting measures (Crockett et al. 2013).
However, the therapeutic focus on self-monitoring versus
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“hands on” exercises and the lack of integration of the mind-
fulness component, which was placed at the end of the ses-
sions almost as a form of relaxation, make the approach too
similar to non-specific interventions such as standard
Cognitive Behavioral Therapy. In addition, since the control
group was composed of healthy participants, improvement in
the intervention group may be due to a regression to the mean
effect. It is also unclear if beneficial effects could replicate in
populations with more severe decision-making deficits, such
as those with substance use and gambling disorders.
Furthermore, current evidence does not support the usefulness
of Motivational Interviewing or Monetary Management to
improve decision-making skills. Null effects of Motivational
Interviewing plus Chess training can be due to lack of speci-
ficity, as Motivational Interviewing deals with ambivalence
and internal motivation for change, but not with the cognitive
underpinnings of decision-making, whereas Chess training
can stimulate cognitive control but not reward processing or
emotional awareness. In the case of Monetary Management,
the intervention may be too narrow to generalize to broader
decision-making skills.

Intervention duration and individual variations in gender,
age or abstinence can influence training effects on decision-
making outcomes (Rezapour et al. 2016; Verdejo-Garcia
2016; Von Bastian and Oberauer 2014). Although we did not
perform a quantitative analysis of the impact of these factors, a
detailed inspection of studies designs and outcomes suggest
that they did not play a major role in explaining the effects of
the interventions. With regard to intervention duration, similar
results were observed with shorter and longer versions of
Contingency Management (4 to 12 weeks) and Goal
Management Training (7 to 8 weeks). Moreover, in cases of
discrepant findings (e.g., Working Memory Training), the
shorter intervention (25 days in Bickel et al. 2011) achieved
more beneficial effects that the longer intervention (5 to 8 weeks
in Rass et al. 2015). With regard to individual variations, most
of the studies imposed an age range (18 to 60 years) that min-
imizes age-related differences in decision-making (Mata et al.
2011), and matched the treatment and control groups on age.
Baseline duration of abstinence was also generally well
matched between treatment and comparison groups, although
it is worth mentioning that several studies showing beneficial
treatment effects included participants with at least 2 weeks and
up to 12 months of abstinence pre-interventions, or were con-
ducted in residential treatment settings, where it is more feasi-
ble to maintain and monitor abstinence (Alfonso et al. 2011;
Bickel et al. 2011; Tavakolian and Abolghasemi 2016; Valls-
Serrano et al. 2016). Therefore, an interesting question for fu-
ture research is whether a particular duration of abstinence, and
possibly abstinence-related recovery of basic cognitive skills, is
a pre-requisite to benefit from decision-making interventions
(Fernandez-Serrano et al. 2011). Similar to the broad literature
on addiction and cognition, most studies (7 out of 12) included

only men or>80% male participants. Therefore, we cannot
draw overall conclusions about potential effects of gender dif-
ferences on treatment response other than the discrete modera-
tion effect reported by Weidberg et al. This is an important area
for future research, as there is evidence for gender-related dif-
ferences in decision-making skills (Bolla et al. 2004; van den
Bos et al. 2013).

The results of this review also highlight important research
needs in this area. Future research should focus on specific
interventions for decision-making, and more rigorous RCTs
that use decision-making tasks and clinical outcomes influ-
enced by decision-making (e.g., relapse) as primary outcome
measures. With regard to interventions, it seems reasonable to
prioritize therapies that can address the multifaceted nature of
decision-making, including reward, emotion and cognitive
control. For example, it would be promising to test the effect
of combining Contingency Management (reward) and Goal
Management Training (emotion and cognitive control). An
alternative strategy is to design new interventions that can
address the three systems, and are tailored to people with
addiction. In this context, it is interesting to speculate on
how novel technologies, such as immersive technology or
life-log technology, could help individuals to envisage and
emotionally connect with the long-term consequences of hy-
pothetical or real decisions. These technologies, in combina-
tion with “online” decision-making training, could help peo-
ple with addiction to correct the short-term bias and strengthen
the long-term focus of their decisions. With regard to method-
ological rigor, there is a need for more RCTs comparing the
efficacy of decision-making interventions and adequate com-
parators matched on key methodological variables. Since
decision-making interventions could be ultimately applied
by psychologists, psychiatrists or occupational therapists that
are already part of the addiction treatment workforce, these
efficacy trials could be rapidly translated into more pragmatic
trials and standard clinical practice. A useful asset for these
trials would be a common suite of outcome measures. We
have well-validated models and measures of decision-making,
and hence it is feasible to achieve this harmonized suite
through expert consensus, as it has been established for addic-
tion treatment outcomes more generally (Donovan et al. 2012;
Tiffany et al. 2012). Well-controlled RCTs and standardized
outcome assessment would facilitate a systematic approach to
the study of training-related and individual-related moderators
of treatment effects (Von Bastian and Oberauer 2014).

In the interim, we tentatively conclude that specific neuro-
psychological and psychological interventions, such as Goal
Management Training and Contingency Management, are
promising strategies to improve decision-making among peo-
ple with addiction in clinical settings. The evidence for the
benefit of other therapies is tenuous. Moreover, research is
scarce and dominated by small pilot and proof of concept
studies, and secondary analyses of larger trials in which
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decision-making measures are not the primary outcomes.
In addition, outcome measures vary across studies, which
together with limited research preclude conclusions about
specific components of decision-making. Given the signif-
icance of decision-making deficits in the context of addic-
tion treatment, we advocate for more efficacy trials on
promising intervention approaches, as well as a systematic
approach to outcome assessment that collects comprehen-
sive information on the different components of decision-
making.
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