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ABSTRACT

Aims To evaluate and compare the effects of three cognitive boosting intervention approaches (computerised cognitive
training, cognitive remediation and pharmacological cognitive enhancers) on measures of impulsive action and impulsive
choice. Design Systematic review and meta-analysis of publications that reported original controlled trials of
cognitive boosting interventions. Setting Studies conducted anywhere in the world. No language restrictions were
applied. Participants Treatment-seeking adults with substance use disorder or gambling disorder.Measurements Our
primary outcome was a reduction in impulsive action or choice on a validated cognitive measure post-intervention. We
assessed risk of bias using the Cochrane Collaboration tool and determined pooled estimates from published reports. We
performed random-effects analyses for impulsive action and impulsive choice outcomes and planned moderator analyses.

Findings Of 2204 unique studies identified, 60 were included in the full-text review. Twenty-three articles were
considered eligible for inclusion in the qualitative synthesis and 16 articles were included in our meta-analysis. Articles
eligible for pooled analyses included five working memory training (computerised cognitive training) studies with 236
participants, three goal management training (cognitive remediation) studies with 99 participants, four modafinil
(cognitive enhancer) studies with 160 participants and four galantamine (cognitive enhancer) studies with 131
participants. Study duration ranged from 5 days to 13 weeks, with immediate follow-up assessments. There were no
studies identified that specifically targeted gambling disorder. We only found evidence for a benefit on impulsive
choice of goal management training, although only in two studies involving 66 participants (standardised mean difference
(SMD) = 0.86; 95% CI = 0.49–1.23; P = 0.02; I2 = 0%, P = 0.95). Conclusion Cognitive remediation, and specifically
goal management training, may be an effective treatment for addressing impulsive choice in addiction. Preliminary evi-
dence does not support the use of computerised cognitive training or pharmacological enhancers to boost impulse control
in addiction.

Keywords Cognitive remediation, cognitive training, gambling disorder, impulsivity, meta-analysis, pharmacological
enhancers, substance use disorder, systematic review, treatment.
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INTRODUCTION

Impulsivity, the tendency to act without sufficient consid-
eration of potential consequences, is a cardinal feature of
substance and gambling addictions [1,2]. Poor impulse

control is a strong predictor of both the development and
escalation of addictive behaviours [3]. Further, heightened
impulsivity is related to clinical outcomes including poor
treatment retention, higher relapse rates and poor quality
of life [4–7]. There is, therefore, a key need to compile
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evidence of interventions that effectively improve impulse
control in the context of addiction treatment.

Cognitive neuroscience categorises impulsivity into two
processes: action and choice [2]. Impulsive action is the
ability to inhibit a prepotentmotor response; it is frequently
measured using go/no-go and stop-signal test (SST) para-
digms. Impulsive choice is the preference for smaller imme-
diate rewards over larger delayed rewards; it is frequently
assessed with delay discounting tasks, the Iowa gambling
task and the balloon analogue risk task.

Neurocognitivemodels propose that drug and gambling
rewards drive impulsive behaviours via dysregulation of
monoaminergic, glutamatergic and orexin systems in
prefrontal-striatal circuits [8,9]. However, there is accumu-
lating evidence to suggest that impulsivity can be
counteracted by treatments that focus on enhancing delib-
erative behavioural control, which in turn, may help to re-
verse the addiction process and improve clinical outcomes
[10,11]. Three promising avenues for cognitive improve-
ment as a component of addiction treatment include
computerised cognitive training (CCT), cognitive remedia-
tion (CR) and pharmacological enhancement (cognitive
enhancers [CEs]).

CCT uses software to train specific cognitive processes,
with the goal of enhancing their functioning [10,12]. A
popular modality is working memory training (WMT),
which involves practise with tasks where participants have
to hold ‘on line’ series of numbers or shapes with increas-
ing difficulty [13]. Other modalities include approach
avoidance training and inhibitory control training, where
the goal is to retrain automatic response biases [11]. Al-
though CCT has demonstrated success in improving
performance on the training tasks themselves, there is in-
consistency around treatment-related gains (i.e. ability to
transfer skills to other tasks.) [12]

CR focuses on training higher-order cognitive processes
throughmeta-cognitive principles and practise of cognitive
strategies in real-life scenarios to enhance generalisation
[14]. A promising modality is goal management training
(GMT), which aims to strengthen executive (i.e. delibera-
tive) control [15]. The goal-based nature of this interven-
tion appears to be effective at remediating impulsive
choice [16] and has demonstrated cognitive benefits across
a number of studies in non-addiction populations [17].
Other CRmodalities include a mixture of cognitive rehabil-
itation techniques, typically derived from programs applied
in brain injury recovery [18].

CEs are pharmacological drugs shown to be beneficial
for cognition [19]. CEs include stimulants that act on
the dopamine, noradrenaline and orexin systems and
acetylcholine-esterase inhibitors. Prefrontal control of im-
pulsivity relies on the function of these neuromodulators
[20], but their availability and turnover rates are
disrupted in addiction [21]. Findings from translational

research suggest that CEs may be effective in rescuing
prefrontal control over impulsive actions and choices
[22,23].

Previous reviews have assessed the effectiveness of neu-
ropsychological interventions for decision-making in sub-
stance and behavioural addiction [24], evaluated
potential benefits of CEs [20] and reviewed the general cog-
nitive benefits of CR in gambling disorder [25]. However, no
previous studies have systematically reviewed and com-
pared the efficacy of different cognitive boosting interven-
tion approaches for impulse control, nor included trials
from both the substance use and gambling fields. By
reviewingmultiple approaches and addictions, we can also
gain a better understanding of key moderators, such as in-
tervention modality and intensity, primary drug/behaviour
of concern and treatment settings.

In this systematic review and meta-analysis, we
aimed to:
1 Compare the effects of cognitive-boosting interventions

(i.e. CCT, CR and CEs), relative to control interventions,
on measures of impulsive action and choice.

2 Compare the effects of each of the cognitive-boosting
interventionmodalities, relative to control, onmeasures
of impulsive action and choice.

3 Determine if intervention intensity, type of addiction
and treatment setting moderate the effects of
cognitive-boosting interventions on measures of impul-
sive action and choice.

4 Quantify the risk of bias in the studies selected in the
meta-analyses.

METHODS

We performed a systematic reviewandmeta-analysis in ac-
cordance with the Preferred reporting items for systematic
reviews and meta-analyses (PRISMA) guidelines [26]. The
protocol was registered with the International Prospective
Register of Systematic Reviews (PROSPERO ID 140788)
before commencement.

Search strategy and selection criteria

Studies were assessed for eligibility according to
pre-determined population, intervention, comparison, out-
comes and study design criteria (PICOS). Participants were
adults, age 18 years and over, whowere seeking treatment
for substance use disorder or gambling disorder and did not
have a current or past history of a co-morbid psychotic dis-
order, bipolar disorder, acquired brain injury, other neuro-
logical disorder or intellectual disability. Interventions
included CR, CCTor CEs, applied in an addiction treatment
context. Studies examining the acute effects of treatment
(i.e. single intervention and testing session) were excluded.
Comparisons included treatment as usual, placebo and
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interventions without an active training component. Out-
come variables were cognitive measures of impulsivity,
with pre- and post-intervention assessments. Although
randomised clinical trials provide the most reliable esti-
mates of effect, because of the small number of anticipated
studies, we also included pilot studies, which included
non-randomised and yoked designs. If data were missing,
we contacted the corresponding author twice within a
3-week period.

References for this review were identified through
searches of PubMed, Scopus and PsycINFO for articles pub-
lished before 31 December 2019. An example search term
was ‘alcohol use AND cognitive training (or specific train-
ings, e.g. cognitive bias modification, working memory
training) AND impulsivity (or specific tasks e.g. go-no-go/
information sampling/delay discounting)’. Details of all
search terms are included in the Supporting information
(Table S1). Studies retrieved from these searches and rele-
vant references identified in review articles were consid-
ered for inclusion. Studies were not restricted to those
published in English.

Two authors (A.C.A. and A.H.R.) screened the articles
for inclusion using an unblinded, standardised, systematic
approach, using the online software Covidence. Disagree-
ments between these reviewers were resolved by consulta-
tions with a senior author (A.V.G.).

Data analysis

We completed a data extraction form developed by the
investigators for eligible studies. Extracted information
included country, number of participants, baseline char-
acteristics, study design, type of addictive disorder, treat-
ment modality and specific intervention (e.g. CR, CCT or
CE and then treatment/drug name), treatment intensity
(including number of active intervention days, duration
of CR or CCT sessions [in minutes] and CE dose), cate-
gory of impulsivity (impulsive action or impulsive
choice), assessment outcomes and effect sizes. All in-
cluded articles reported unique data that had not been
reported in another eligible study.

All analyses were conducted using R v3.6.2 [27].
Hedges’ g effect sizes were used as the primary effect size
of interest. We calculated the mean gain (pre-post)
between active (experimental) and comparator groups
using the ‘esc’ package [28]. In three CE studies that
included multiple assessment points following the
baseline assessment [29–31] we used the baseline and
the last assessment before medication ‘wash-out’ to
calculate the effect size. Where means and standard
deviations were not provided, we calculated the effect size
through t statistics, if reported. For studies that reported
different pre- and post-intervention sample sizes, the
smaller n was used to calculate the effect. A positive

Hedges’ g value reflected a greater improvement in
impulsivity (less impulsive) for the experimental relative
to the comparator group. When multiple impulsivity
outcomes were provided by authors for either impulsive
action or impulsive choice, we aggregated effects using
the ‘MAd’ package [32] (see Supporting information
Table S3). When aggregating effects, we used an assumed
correlation of 0.5 between aggregated outcomes, but
sensitivity analyses using different assumed correlations
(0.5, 0.8 and 1.0) found this decision had no influence
on the aggregated estimate for each study. All
meta-analyses were conducted using the ‘dmetar’
package [33]. Specifically, we used a random effects
meta-analysis model and we pooled effects when there
were at least two studies that could be grouped. If a
treatment group for a particular study received secondary
aspects of another intervention modality (e.g. WMT and
attentional bias modification), we conducted a sensitivity
analysis to rule out the possibility that mean effects were
driven by this particular multifaceted intervention
(i.e. replicated the meta-analysis of WMT after removing
the WMT and attentional bias modification study).
Separate analyses were conducted for impulsive action
and impulsive choice. The I2 statistic and its associated
Cochrane’s Q test P value were reported to evaluate
heterogeneity. Publication bias was assessed using Egger’s
test of the intercept, using ‘dmetar’ and through visual
assessment of funnel plots, using ‘meta’, to determine
the presence of asymmetry (Supporting information
Fig. S1).

We used meta-regression to assess the effects of moder-
ators that were selected a priori, including intervention
modality, type of addiction (primary substance), treatment
setting (inpatient or outpatient) and the intensity of
treatment (including session duration for CCT and CR,
CE medication dose and the number of active intervention
days). We performed mixed effects meta-regressions
using ‘dmetar’ (for categorical moderators) and ‘meta’
(for continuous moderators) [33,34]; and tested any
overall moderator effects using χ2 statistic (for categorical
moderators) or t statistic (continuous moderators). Any
significant categorical moderators were explored using
pairwise comparisons.

Each article was assessed for risk of bias by two authors
(A.C.A. and A.H.R.) using the Cochrane Collaboration’s
tool for assessing risk of bias (RoB2) [35]. Risk of bias
was assessed across five domains, including bias arising
from the randomisation process, deviations from intended
interventions, missing outcome data, measurement of the
outcome and selection of the reported result. Where trials
were pre-registered on a clinical trials registry, they were
assessed for data analysis intentions. Of the contacted
authors, three responded providing further pre-specified
analysis plans [18,36,37]. Each study was assessed as
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having low risk, unclear risk or high risk across the five
domains.

RESULTS

Screening and study characteristics

The literature search yielded 3340 articles. Following
the removal of duplicates, 2204 articles were retained
for title and abstract screening. Of these articles, 23
were identified as eligible and included in the review
(Fig. 1). All eligible full-text papers were published in
English. Full-text inter-rater reliability between the two
investigators (A.C.A. and A.H.R.) was .90. Three articles
did not provide sufficient information for effect size
calculations and authors could either not be reached
or did not respond to requests for further information.
Sixteen full-text studies are included in the meta-analysis.
Two of these studies included more than one intervention
type (e.g. CR and CCT). Group analyses were able to be

performed for four interventions; GMT, WMT, modafinil
and galantamine.

Summary of included studies

Table 1 displays a summary of the study methodologies.
Participants comprised individuals seeking treatment for
alcohol, stimulants, opioids, cannabis and polysubstance
use disorders. Intervention modalities varied within each
category. Five of the CCT studies delivered WMT, one used
cognitive function training and one used Serious Games
(e.g. gamified supermarket shopping). Two of the CR
studies used GMT, one developed a unique CR program
and a fourth used a mixture of brain injury rehabilitation
interventions, including GMT. Of the CE interventions, four
administered modafinil, four administered galantamine
and single studies trialled N-acetylcysteine, minocycline,
guanfacine and rivastigmine. Control groups were largely
equivalent within GMT (CR), with all studies including
‘treatment as usual’ (i.e. counselling and relapse

Figure 1 Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram
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prevention) as a comparator. Most WMT (CCT) studies
(4/5) used a standardised active control (i.e. practising a
simple working memory task, without the active training
component, which involves progressive difficulty). The
majority of CEs trials were placebo-controlled (11/12).
However, there was greater variability in the behavioural
interventions running in the background of the active
and placebo conditions, with four studies having no behav-
ioural interventions and eight studies describing interven-
tions of varying intensity (e.g. general nursing support,
drug counselling, CBT). Similarly, of the five WMT studies,
three studies offered no additional behavioural interven-
tions, and two described interventions of varying intensity
(e.g. psychosocial treatment, vocational training).

Studies eligible for group analyses

We examined the combined effect of specific interventions
on impulsive action and choice outcomes. An adequate
number of studies (n ≥ 2) were available to calculate
pooled intervention effects for WMT on impulsive action
and choice, GMT on impulsive action and choice,

modafinil on impulsive action and galantamine on impul-
sive action. See Figs. 2 and 3 for pooled effects of
interventions on impulsive action and choice respectively.
It is noted that only a small number of studies were
included in each analysis.

Meta-analyses

Meta-analysis of the effect of all studies

We combined 13 studies with 485 participants across
intervention categories for impulsive action. The combined
studies showed no significant effect of CCT, CR and CE
interventions over control interventions for decreasing
impulsive action (Fig. 2; P = 0.11). A meta-analysis of
7 studies with 302 participants showed no significant
effect of combined CCT, CR and CE interventions over
control interventions at decreasing impulsive choice
(Fig. 3; P = 0.07). There was a group moderation effect
for both impulsive action and choice and therefore, we
present results that are stratified by treatment modality.
Note that the formal tests of moderation and pairwise
comparisons are presented in a later section.

Figure 2 Pre-post intervention effects on impulsive action in addiction. Each subgroup represents a separate meta-analysis. The overall effect
and test for subgroup differences are included at the bottom of the figure. GMT = goal management training, WMT = working memory training
[Colour figure can be viewed at wileyonlinelibrary.com]
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Meta-analysis of the effect of WMT

A meta-analysis of two studies with 95 participants
showed no significant effect for WMT over control
interventions at decreasing impulsive action (Fig. 2;
P = 0.38). A meta-analysis of five studies with 236
participants showed no significant effect for WMT over
control interventions at decreasing impulsive choice
(Fig. 3; P = 0.26). As Zhu and colleagues [42] also
included Attentional Bias Modification (ABM), we
performed a sensitivity analysis to examine whether
removing this study from analysis influenced the pooled
effects. Once removed, the pooled effect was lower
(standardised mean difference; SMD = 0.09, 95% CI =
�0.25–0.43; P= 0·47; I2 = 0%, P= 0.92), but well within
the confidence interval of the original result, therefore not
altering the interpretation of the effect size. Consequently, it
was retained in the group analysis.

Meta-analysis of the effect of GMT

A meta-analysis of three studies with 99 participants
showed no significant improvement in GMT compared
to the control intervention for impulsive action (Fig. 2;
P = 0.09). As Marceau and colleagues [18] included a
combination of GMT and CCT interventions, we
performed a sensitivity analysis. Excluding this study
did not alter the interpretation of the result, although
the magnitude of the pooled effect was attenuated
(SMD = 0.48; 95% CI = �2.64–3.59, P = 0.30). A
meta-analysis of two studies with 66 participants
showed significant improvement in GMT compared to
the control intervention for impulsive choice (Fig. 3;
P = 0.02).

Meta-analysis of the effect of modafinil

A meta-analysis of four studies with 160 participants
showed no significant effect for modafinil over control in-
terventions for impulsive action (Fig. 2; P = 0.58).

Meta-analysis of the effect of galantamine

A meta-analysis of four studies with 131 participants
showed no significant effect for galantamine over control
interventions for impulsive action (Fig. 2; P = 0.58).
Whereas three of the four studies appeared to have consis-
tent results, one study appeared to be driving some hetero-
geneity in effect sizes [37], which we note was the only
study with cannabis as type of addiction whereas the
others included cocaine. Our a priori moderators did not
significantly explain this heterogeneity (Supporting infor-
mation Table S4).

Moderation analyses

Although several moderation analyses were planned a
priori for specific intervention groups, because of the small
number of available studies in each category, formal testing
of themoderators was not possible for all planned analyses.
As shown in Fig. 2, there was a significant moderation by
intervention modality. Pairwise comparisons revealed that
GMT had a significantly larger SMD than WMT
(P < 0.001) and modafinil (P = 0.018). Modafinil had a
larger SMD than WMT, with this difference approaching
significance (P = 0.051). GMT also had a larger SMD than
WMT for impulsive choice (Fig. 3; P = 0.002). Notably,
treatment setting did notmoderate themeta-analytic effect
for impulsive action (Supporting information, Fig. S2) or

Figure 3 Pre-post intervention effects on impulsive choice in addiction. Each subgroup represents a separate meta-analysis. The overall effect
and test for subgroup differences are included at the bottom of the figure. GMT = goal management training, WMT = working memory training
[Colour figure can be viewed at wileyonlinelibrary.com]
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choice (Supporting information Fig. S3). Treatment setting
and treatment intensity (dose, session duration or number
of intervention days) were also not significant moderators
of pooled separate intervention effects for impulsive action
or choice (see Supporting information Table S4).

Heterogeneity and risk of bias

We did not find evidence of substantial heterogeneity in
any of the other pooled results. Neither Egger’s test, nor
visual inspection of the funnel plots indicated possible pub-
lication bias. However, we caution interpretation of hetero-
geneity and publication bias because of the low number of
studies in many of the analyses.

The qualitative risk of bias assessments is visually
summarised in Fig. 4. The results of the bias assessment
for each intervention are included in the Supporting infor-
mation, Table S5. The largest source of bias was the lack of
pre-specified data analysis intentions, resulting in some
concerns about the selection of reported results. Other
major sources of bias were participant attrition, without
adequate analysis methods to minimise bias in the
outcomemeasure and low adherence to assigned interven-
tion. Most studies used adequate outcome measurement
(81%) andmost had an appropriate randomisation process
(75%). These domains of risk were largely comparable
between intervention modalities, although we observed
higher risk of bias for randomisation in WMT and GMT
studies than in modafinil and galantamine studies.

Systematic review

Systematically reviewed studies are included in the
Supporting information.

DISCUSSION

There were 23 studies in our systematic review and 16
studies in our meta-analyses. We were able to perform
meta-analyses on CR (GMT), CCT (WMT) and CEs
(modafinil and galantamine). We found that only CR
yielded significant benefits on impulsivity, with a large
effect on impulsive choice. Although not significant, CR
also had a moderate effect on impulsive action. Only a
small number of studies were eligible for inclusion in our
meta-analyses and there only were a small number of
interventions for each pooled analysis (n = 2–n = 5). This
prevented the assessment of key moderators of interest
(e.g. addiction type and parameters of intervention
delivery) in some analyses, and those that were able to be
tested contained <10 studies and were likely underpow-
ered to detect potential effects.

Our analysis provides initial evidence that CR may be
effective for improving impulsivity in addiction. CR inter-
ventions act on higher-order cognitive functions, including
executive functions and problem-solving [54], and
metacognitive strategies to regulate internal thoughts
and feelings [55]. These broad-spectrum effects tap into
key neuropsychological mechanisms of impulsive choice
[56]. GMT encompasses these key CR trainings as well as
an explicit focus on goal-related decisions. Participants
are taught to stop and mindfully reflect on whether their
attention is focused on a planned goal or if they are acting
on autopilot (impulse). Although the program may more
actively target impulsive choice, the absence of a significant
pooled effect on impulsive action may also reflect the
small number of available studies rather than true
non-significance, because GMT strategies are theoretically
relevant for stopping motor responses [57]. Further, GMT
was associated with a larger effect at reducing impulsive

Figure 4 Risk of bias summary revealing the percentage of studies with low, unclear, or high risk of bias across five domains. The summary plot in-
cludes the 16 that were eligible for meta-analysis. The risk of bias is highest for selection of reported results as nearly all studies did not publish pre-data
analysis plans. The risk of bias because ofmissing outcome data is high if adequate reasons for drop out, unrelated to the intervention type or outcome
(i.e. impulsivity) were not clearly specified [Colour figure can be viewed at wileyonlinelibrary.com]
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action than another CR program without the goal-based
and mindfulness components [45]. Direct comparisons
between the pooled treatment modalities in our
meta-analyses suggest that GMT is superior to the CCT,
WMT, at improving impulsive choice. Although GMT did
not result in a significant pooled effect for impulsive action,
it was superior to WMT and modafinil. These results indi-
cate promise for the CR approach and GMT and point to
the need for further high-quality clinical trials.

In the context of CCT, we take particular interest in the
absence of a group effect of WMT on impulsive choice.
Although our results are in the predicted direction, they
contradict previous assumptions that WMT may be well
suited to decreasing impulsivity in addiction treatment
[58] and add support to the ongoing controversy
surrounding the generalisability of CCT [12].Meta-analytic
research has revealed a neurobiological overlap in the
posterior portion of the left lateral prefrontal cortex for both
WM and impulsive choice [59]. Yet, WMT does not appear
to be sufficient to consistently improve impulsive choices
[39,43], see Supporting information Table S3. It is possible
that the training strategies (‘drill and practise’) [54];
context (computerised stimuli that are not relevant
to addiction) [60]; and format (typically individual
participation) are not adequate to reinforce control strate-
gies over heightened impulsivity in addiction.

The lack of a significant group effect of modafinil or
galantamine may reflect an ability of CEs to preferentially
enhance control over impulsivity in patients with greater
baseline deficits. Indeed, neuroimaging studies have shown
that modafinil can transiently ameliorate neural functions
in regions relevant to impulse control in individuals with
poorer baseline cognitive functioning [61–63]. In two of
these studies, changes in neural functioning or connectiv-
ity were related to an improvement in impulsive action
[62,63]. Research reporting a longer-term effect of
modafinil for substance use disorder treatment; have also
revealed both modafinil-induced improvements in cogni-
tive tasks and clinical outcomes in those with greater
impairments [30, 64]. Notably, those with better baseline
impulsivity performance showed poorer alcohol use
outcomes when administered modafinil [30]. A similar
pattern of optimal galantamine response in those with
greater deficits should also be considered [65].

Limitations

Variations in treatment approaches place some limitations
on the generalisability of our findings. Although this re-
flects the specific questions we were interested in, and the
relatively novel treatment area within addiction, we ac-
knowledge that the findings are tentative. Further, varia-
tions in control interventions content and the
background context of trials need to be factored in when

interpreting the effect sizes. Differences between control
groups mean that there is no standardised comparison
group, limiting the interpretability of the effect of the active
compared to the control intervention both within and
across different treatment modalities. Detailed description
of the contents of comparators is an important area of im-
provement in this field, as variations in the content and
intensity of ‘treatment as usual’ and/or behavioural inter-
ventions used in the background of select trials can affect
comparability of main intervention effects [66].

The small number of pooled studies limits interpretabil-
ity of publication bias and heterogeneity. We found greater
risk of bias for randomisation in CCT and CR studies than
pharmacological CE studies, which is a limitation of the
emerging literature on behavioural interventions [67].
This finding suggests the need for more structured
pathways for the design of behavioural trials (e.g. the
NIH stage model) [68], to increase the rigour of future
trials. Although we found a greater number of eligible CE
studies (n = 12), the pharmacological agents are diverse
and only a small number could be pooled for the
meta-analyses. Further, CE studies have typically
assessed clinical outcomes (e.g. abstinence, time to
relapse), without capturing change in impulsivity and the
potential link with these clinical outcomes. Conversely,
only two CR studies assessed for clinical outcomes,
preventing assessment of clinical benefits.

Future research

Our review points to the need for further high-quality
trials in substance use and gambling disorder populations
with an active control group (including an alternative
task or placebo medication), prespecified methodological
and data analysis plans (to reduce a risk of bias), compre-
hensive reporting of active and control intervention con-
tent [69] and the inclusion of both impulsivity and
clinical outcome measures. Although our findings on
cholinesterase inhibitors do not support beneficial effects
of galantamine, rivastigmine has shown large effects on
impulsive action in a single study [53], and hence more
studies are needed to assess its potential benefit. Other
CEs that may be effective interventions for reducing im-
pulsivity in addiction include n-acetylcysteine and
guanfacine; however, as only singular studies were found
for each CE, further clinical trials are needed. Other CCT
tasks such as approach avoidance training or serious
games may have greater real-world relevance than
WMT [70,71]. However, we did not find sufficient evi-
dence relating to the impact of these interventions on im-
pulsivity. There was some inconsistency in the effect of
galantamine on impulsive action, and further studies
are needed to see whether this variation is driven by type
of addiction. Finally, we did not identify any studies that
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met our criteria for gambling disorder, consistent with a
recent review article reporting zero articles assessing
cognitive training as a gambling intervention [72].
Further research on cognitive boosting interventions for
gambling disorder are therefore required.

Conclusions

The CR approach, GMT, was the only cognitive boosting
intervention that showed evidence of improving impulsive
choice in addiction treatment. The CEs modafinil and
galantamine did not significantly modulate impulsivity
and require further research. WMT does not appear to be
effective in reducing impulsivity, although other categories
of CCT may offer alternative findings. We have highlighted
a need for replicated findings and future areas of research
to extend the clinical utility of these interventions in an
addiction context.
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pooled intervention effects.
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Figure S1 Funnel plots of studies reporting on impulsive ac-
tion and impulsive choice for GMT, WMT, modafinil and
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galantamine interventions. The studies for each interven-
tion lie symmetrically around the dotted line (pooled effect
size), suggesting that there is no publication bias.
Figure S2 Meta-analysis of treatment setting on impulsive
action in addiction.
Figure S3 Meta-analysis of treatment setting on impulsive
choice in addiction.
Figure S4Risk of bias summary revealing the percentage of
studies with low, unclear, or high risk of bias across five

domains. The summary plot includes the 23 that were eli-
gible for inclusion in the review. The risk of bias is highest
for selection of reported results as nearly all studies did
not publish pre-data analysis plans. The risk of bias because
of missing outcome data is high if adequate reasons for
drop out, unrelated to the intervention type or outcome
(i.e. impulsivity) were not clearly specified.
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