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Background: Opiates, cannabis, and stimulants are highly abused and are prevalent
disorders. Psychological interventions are crucial given that they help individuals maintain
abstinence following a lapse or relapse into substance use. The dual-process theory
has posited that while the repeated use of a substance leads to increased automatic
processing and increased automatic tendencies to approach substance-specific cues, in
addition to the inhibition of other normal cognitive processes. Prior reviews are limited, as
they failed to include trials involving participants with these prevalent addictive disorders
or have not reviewed the published literature extensively.

Objectives: The primary aim of this review is to synthesize the evidence for cognitive
biases in opioid use, cannabis use, and stimulant use disorders. The secondary aim
of the review is to determine if cognitive bias could be consistently detected using the
different methods. Lastly, this review will narratively synthesize the evidence of possible
associations between cognitive biases and other addiction-related outcomes.

Methods: A search was conducted from November 2017 to January 2018 on PubMed,
MEDLINE, Embase, PsycINFO, Science Direct, Cochrane Central, and Scopus. Articles
were included if participants had a primary diagnosis of opioid use, cannabis use, or
stimulant use disorder. The selection process of the articles was in accordance with
the Preferred Reporting Iltems for Systematic Reviews and Meta-Analysis guidelines. A
qualitative synthesis was undertaken.

Results: A total of 38 studies were identified. The main finding is the evidence that
cognitive biases are present in the 38 studies identified, except for a single study on
opioid use and stimulant use disorders. Cognitive biases were reported despite a variety
of different methods being utilized. Synthesis of secondary outcome was not feasible,
due to the varied outcomes reported.

Conclusions: Cognitive biases have been consistently observed in opioid use, cannabis
use, and stimulant use disorders, despite a range of assessment tools being utilized in
the assessment for these biases.
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INTRODUCTION

Attention bias in substance use disorder refers to the preferential
allocation of attention to substance-related stimuli (1), while
approach biases refer to the automatic action tendencies to
reach out for substance-related cues (1). Thus, this implies
that for an individual with a substance use disorder, substance-
related cues can grab the individual’s attention (2). Previously
theories such as classical conditioning or incentive-sensitisation
theories, have provided explanations as to how these cognitive
biases develop (2). More recently, the dual-process theory has
posited that whilst the repeated usage of a substance leads
to increased automatic processing and increased automatic
tendencies to approach substance-specific cues, in addition,
other normal cognitive processes are affected (3). The cognitive
control process, which normally serves to inhibit this automatic
behavior, is itself inhibited (3). This coupled with the increased
dopamine in the cortico-striatal circuit, results in individuals
having increased attention and automatic tendencies toward
substances, precipitating a relapse. Cox et al. (4) highlighted
the need for specific interventions to modify these automatic
unconscious processes. Whilst the Stroop task has been routinely
used for the assessment of cognitive biases, several other
paradigms have been used to retrain attentional or approach
tendencies, such as the visual probe or the approach/avoidance
task (4, 5). The visual probe task, when used as a cognitive
retraining intervention instead of an assessment intervention,
involves pairing probes with a neutral stimulus 100% of the
time, to retrain attentional biases away from substance cues (4).
When the approach/avoidance task is used as a retraining tool, it
involves the presentation of substance-related cues in the push-
away format and neutral cues in a pull-closer format (5). To
date, there has been some initial research conducted on substance
use disorders, both in determining whether cognitive biases are
present for specific addictive disorders and in the evaluation of
the effectiveness of bias modification (6, 7).

Several reviews have examined the presence of cognitive
biases in addictive disorders as well as the effectiveness of bias
modification. Cristea et al. (1) undertook the first meta-analysis
examining the effectiveness of bias modification for substance
use disorders. Even though the authors included in their review
search terminologies for a variety of addictive disorders, they
only managed to identify and include studies that included
participants with alcohol or tobacco use disorders. This review
reported that bias modification for both cognitive biases was
moderately effective, with an effect size of 0.60 (Hedge G) (1).
Notably, the review found no association between the reduction
in biases and other outcomes such as cravings. One of the major
limitations of the review (1) was that it included participants
who had either alcohol or tobacco disorders, with no studies
being included that focused on other substances of abuse. High
risk of biases was identified in the studies include, which might
have affected the results synthesis. Whilst Cristea et al. (1)
did not, in their meta-analytical review found any association
between cravings and attentional biases, their findings are not
unexpected. Field et al. (8) in their previous review sought
to determine the relationship between cravings and attentional

biases. From the 68 studies that they have included, they reported
the presence of a weak relationship between attentional biases
and cravings (r = 0.19). Field et al. (8) have reported there
being a larger association between attentional biases and illicit
substances and caffeine, as compared to alcohol and tobacco.
Christiansen et al. (9) attempted in their review to determine if
there was an association between cognitive biases and relapse,
and their study included participants with alcohol, tobacco,
cocaine, and cannabis disorders. It was reported in the review
that the assessment of cognitive biases did not predict relapse
and that attentional bias modification did not reduce the future
risk of relapse. Whilst the review by Christiansen et al. (9)
included participants with a range of addictive disorders, the
time frame was not specified, nor the inclusion and the exclusion
criteria used in the selection of the articles. In addition, the
database search was limited to that of PubMed, Scopus, and prior
published reviews. Hence, there is a possibility that other relevant
citations were missed and reduced the quality of the evidence
synthesis.

The fact that the reviews to date are limited to certain
substance disorders matters. The recent report released by
the United Nations Office on Drugs and Crime (UNDOC)
stated that in 2015, 29.5 million individuals had a substance
use disorder (10), with an estimated 28 million healthy years
of life lost due to drug use (10). Substances like cannabis,
opioids, amphetamines, and prescription opioids are widely
abused. In 2015, it was estimated that there were 183 million
cannabis users, 35 million opioid users, and 37 million
amphetamine and prescription stimulant users (10). For the
management of substance use disorders, there are limited
pharmacological options. Symptomatic medications, such as
benzodiazepines or antipsychotics, are routinely prescribed
for patients to control acute intoxication symptoms following
cannabis or stimulant use. There remain no medications that
are approved to help individuals maintain abstinence following
cannabis or stimulant use. Psychological interventions can help
individuals maintain abstinence following a lapse or relapse
(11). Psychological interventions routinely used include cognitive
behavioral therapy, contingency management, and more recently
mindfulness-based relapse prevention (11). A prior review
provided evidence that cognitive behavioral therapy is effective
for substance use disorders, with an effect size of 0.45 (Cohen D)
(12). However, despite this effectiveness of cognitive behavioral
therapy, 40-50% of individuals still relapse within a year of
successful treatment and another 70% of individuals relapse
within 3 years (13). The high relapse rate following a moderately
successful intervention suggests that it has not adequately
addressed all the issues leading to a lapse or relapse. Cognitive
behavioral therapy mainly addresses the cognitive control issues
and fails to address the unconscious processes responsible for
relapse. Consequently, further studies have been conducted
evaluating the effectiveness of cognitive bias modification for
individuals with different types of substance use disorders.

Given the limitations of previous reviews and the recent
review by (14), together with recent studies that have evaluated
cognitive biases in substance disorders that are highly prevalent
(opioid, cannabis, and stimulant use disorders), there is a need
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for a systematic review to synthesize the information from these
studies. The primary aim of this review is to synthesize the
evidence for cognitive biases in the following substance use
disorders: opioid use, cannabis use, and stimulant use disorders.
If biases are consistently present, this will help to guide future
research involving bias modification. The secondary aim of the
review is to determine if cognitive bias could be consistently
detected using the different methods. Lastly, this review will
narratively synthesize the evidence of possible associations
between cognitive biases and other addiction-related outcomes.

METHODS

A search was conducted, on the following databases (PubMed,
MEDLINE, Embase, PsycINFO, Science Direct, and Scopus),
from inception through to January 2018. The following search
terminologies were used: (“attention bias” OR “approach bias”
OR “avoidance bias” OR “cognitive bias”) AND (“addiction”
OR “substance” OR “drug” OR “abuse” OR “dependence” OR
“Opiates” OR “Heroin” OR “Cannabis” OR “Marijuana” OR
“Stimulants” OR “Amphetamines” OR “Cocaine”).

Inclusion and Exclusion Criteria

Only articles that were written in English language were included.
Articles were included if participants had a primary diagnosis
of opioid use, cannabis use, or stimulant use disorder. Articles
were excluded if participants had other psychiatric disorders as
a primary disorder, or if the study involved a pharmacological
intervention in which medications were used to examine their
effects on cognitive biases. All types of study design were
included.

Selection of Articles

Two authors (MZ and JY) independently selected the relevant
articles. Articles were initially screened based on their titles
and abstracts. Articles that were shortlisted were then further
evaluated against the inclusion and exclusion criteria. If the
reviewers disagreed, this was resolved through a discussion
with another author (GS.). The selection of the articles for
inclusion was in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis Guidelines.

Statistical Analysis
The following data were systematically extracted from each of
the identified articles and recorded on a standardized electronic
data collation form: (a) authors and study year, (b) study design
and methodology (study design, sample size, types of sample,
country, demographics of sample, diagnosis of participants,
methods in which diagnosis was established), (c) cognitive biases
assessment and modification methods, (d) outcomes of interest
(presence of attention or approach biases, effectiveness of biases
modification, other secondary outcomes reported such as craving
scores or addiction outcomes).

As the reported outcome measures were heterogeneous,
a meta-analytical synthesis was not feasible. The secondary
outcomes reported varied by the studies, and even if there were
similar outcomes reported, very often, a quantitative approach

(meta-analysis) was not feasible as no effect size or statistics
were reported. Hence, a qualitative synthesis was undertaken
instead. As both randomized and non-randomized studies were
included, there remains no single risk of bias tool that could
be applied across all the studies for quality assessment. Hence,
quality assessment was not performed.

RESULTS

Based on our search strategy, a cumulative total of 7,814
citations were extracted from Embase, PsycINFO, Science Direct,
Scopus, MEDLINE, and PubMed. Five hundred and thirty-seven
duplicated articles were removed, leaving 7,277 citations. On
further screening, 7,192 citations were removed as they were
of not relevant. Eighty-five full-text articles were downloaded
and evaluated against the inclusion and exclusion criteria.
Forty-seven citations were excluded for reasons documented in
Figure 1. Thirty-eight articles were selected for this qualitative
synthesis. Figure 1 provides an overview of the selection process
of the articles for the current review. Tables 1-4 provide an
overview of the core characteristics of the included studies
(n=38).

Eleven articles involved participants with opioid use disorder,
16 articles involved participants with cocaine use disorder, nine
articles involved participants with cannabis use disorder, and
two articles involved samples of participants with different
disorders (i.e., drug-dependent participants with either cocaine,
cannabis, or opiate dependence; or participants with alcohol,
cannabis, amphetamine, or GHB use disorders). Out of the
11 articles involving participants with opioid use disorder,
three were randomized trials, seven were cross-sectional studies
and one was a longitudinal study. Out of the 16 articles
involving participants with cocaine use disorder, three were
randomized trials, 11 were cross-sectional studies, one a pilot
study and one a case-controlled study. Out of the nine
articles involving participants with cannabis use disorder,
two were case-control studies and seven were cross-sectional
studies.

Characteristics of 11 Studies for Opioid

Use Disorders

Three studies [Franken et al. (15), Marissen et al. (17), and
Zhou et al. (21)], recruited participants in an inpatient treatment
facility. The remaining studies (n = 8) recruited participants
who were outpatients or who had attended a harm reduction
program. Six studies [Bearre et al. (18), Fadardi et al. (19),
Anderson et al. (22), Charles et al. (23), Ziaee (24), and Zhao
et al. (25)] included participants who were receiving methadone
substitution-based treatment. Apart from the study by Ziaee et
al. (24), which failed to provide information about the gender
ratios of the recruited cohort of individuals, all studies had
predominantly male participants, and the mean age was between
30 and 45 years. Most of the included studies were conducted
in Europe (n = 6), with the remaining studies conducted in
the United States (n = 1), Iran (n = 2), and China (n = 2).
The diagnosis of opioid use disorders was ascertained by means
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Embase (1688)
PsycINFO (1968)
ScienceDirect (1000)
MEDLINE (1067)
Scopus (1550)
PubMed (541)

7814 Citations identified based on Search Strategy

537 duplicates removed

i

>
7277 records after duplicated removed
A4
7277 records screened
7192 citations excluded
as they were of no
> relevance
85 Full-text articles assessed for eligibility
47 citations excluded
8 articles on alcohol use disorders
3 articles on pharmacological
options for reducing attentional
biases
18 articles not specified for bias in
> our inclusion criteria

v

4 articles are review articles

2 articles with other psychiatric
disorders as primary diagnosis
2 articles with other medical
disorder (Chronic pain) as primary
diagnosis

1 Article is a protocol
1 article is on role of
neurotransmitters in drug cues
processing

8 studies on event-related

38 included in qualitative synthesis

potential or involves EEG in
ascertaining biases

FIGURE 1 | Flowchart for the Selection of Articles.

of the Diagnostic and Statistical Manual (DSM) criteria for
almost all of the studies. Only four studies [those of Bearre et
al. (18), Fadardi et al. (19), Charles et al.(23), and Ziaee et al.
(24)] failed to report how the diagnosis was ascertained. In the
assessment of attention biases, the Stroop task was used in five
studies; the visual probe task in two studies and the remaining
studies used the visual probe task with concurrent eye tracking
(n = 1), approach and avoidance task (n = 1), attentional
visual search (n = 1), and flicker change blindness paradigm
(n=1).

Primary and Secondary Outcomes
Reported in the 11 Studies for Opioid Use

Disorders

Ten of the eleven reported the presence of biases in their
sampled participants, except in Charles et al. (23) reported no
baseline attentional differences between the healthy controls and
opioid-dependent participants. Studies that assessed attention
bias using the Stroop task reported an higher overall reaction
time (15) among abusers, or enhanced attentional biases for drug-
related stimuli especially among abusers (19) and that attentional
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biases to drug-related cues were heightened when abusers had
temptation episodes (20). Studies that assessed attention bias
using the visual probe task reported that the reaction time for
abusers was faster when they had probes that replaced drug-
related stimuli. The only study that paired the visual probe task
with concurrent eye tracking (25) demonstrated that abusers not
only have faster reaction time to drug-related probes, but also
more initial fixations and maintained fixations on drug-related
probes or images. For the approach and avoidance task, Zhou
et al. (21) reported that former users of opioids have a greater
tendency to approach heroin-related stimuli and a reduced
tendency to avoid or push away these stimuli. The study using
the flicker change blindness paradigm reported an association
between the attention biases and the monthly frequency of
heroin use. The study assessing attentional bias using attentional
visual search showed that attention biases were present and that
the presence of attentional biases would cause abusers to have
heightened attention for other non-drug-related reward probes.

Four of the included studies reported other secondary
outcomes following attention bias assessment and modification
and provided evidence for the potential effectiveness of bias
modification. Franken et al. (15) reported a reduction in the mean
craving scores following masked Stroop intervention. The study
by Ziaee et al. (24) found bias modification was associated with a
reduction in several outcome parameters, including temptations
to use, doses of medication, and number of relapses. Marissen
et al. (17) reported findings similar to those of Ziaee et al. (24)
concerning relapse, as Marissen et al. (17) found that baseline
attentional biases could predict relapse at three months’ follow-
up. With regard to the effectiveness of the interventions, Marissen
et al. (17) reported a reduction in attentional biases amongst
individuals who received either cue exposure therapy or placebo
psychotherapy. In contrast to the reductions in attentional biases
were demonstrated by Marissen et al. (17) and Charles et al. (22)
did not find any changes in attentional biases following their
intervention.

Characteristics of 9 Studies for Cannabis

Use Disorders

Four studies [Field et al. (26-28) and Cane e al. (29)] recruited
students; the remainder (n = 5) recruited through advertisements
or from cannabis outlets. No study recruited participants who
were part of inpatient treatment or rehabilitation facility. The
majority of the sampled participants were males. The mean age
in years across all of the studies ranged from 20 to the early
30s. Seven of the studies were conducted in Europe, and the
remaining two studies were conducted in the United States.
There was heterogeneity in the method of ascertaining the
diagnosis, with one study Field et al. (28) basing their diagnosis
on self-reported information, four studies [Field et al., (27), Cane
etal., (29), and Cousijin et al. (31, 32)] on questionnaires, and the
remainder (Cousijin et al. (30), Metrik et al. (33), and Vujanovic
et al. (34)] on structured interviews. In the assessment of biases,
the Stroop task was used in four of the studies, and the remainder
of the studies used the visual probe task (n = 1), or the visual
probe task with concurrent eye tracking (n = 1), or the pictorial
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attention bias task (n = 1), or the approach and avoidance task
(n=2).

Primary and Secondary Outcomes
Reported in 9 Studies for Cannabis Use

Disorders

All of the studies provided evidence for the presence of biases.
For study that assessed attention bias using the Stroop task, it was
reported that the mean reaction times for cannabis or marijuana
stimuli were longer as compared to neutral stimuli (29). Stroop-
based testing also helped in the differentiation of users who used
varying amounts of cannabis (32), as it was reported that those
who were clinically dependent had had a stronger attentional
bias as compared to those who were non-dependent. The visual
probe task and the visual probe task coupled with concurrent
eye tracking provided both direct and indirect evidence of the
presence of attention bias, as regular cannabis users exhibited
biases in maintaining gaze on cannabis cues and increased
reaction times for cannabis cues (28). Like that of the visual probe
task, the pictorial stimuli attention bias task also reported the
presence of attentional biases among cannabis users and these
biases were most prominent when the probe was presented for
125 ms (which is shorter than the normal duration of 500 ms).
For the studies that used the approach and avoidance task, one
study reported the presence of an approach bias amongst heavy
users (individuals who used cannabis on 10 or more days per
month), whereas the other study did not report the presence of
an approach bias in heavy users but found an approach bias for
cannabis cues only amongst those users who were intoxicated at
the time of testing.

There is mixed evidence for the association between attention
bias and cravings. Field et al. (26) reported that the high levels
of cravings were associated with attentional biases but in a later
study, Field et al. (27) reported observing no association between
attention biases and cravings. Cousijin et al. (31) also reported the
lack of an association between approach biases and cravings. One
study Cousijin et al. (30) reported approach bias to be a predictor
of relapse.

Characteristics of the 16 Studies for

Stimulant Use Disorders

Eight studies [Franken et al. (35); Vadhan et al. (37), Tull et al.
(41), Carpenter et al. (42), Marhe et al. (43), Bardeen et al. (44),
Kennedy et al. (45), and Devito et al. (48)] recruited a clinical or
treatment-seeking cohort of participants, one study Montgomery
et al. (39) recruited a student sample, and five studies [Hester
and Garavan (38); Liu et al. (40), Dias et al. (46), Marks et al.
(47), and Sharma et al. (49)] recruited a cohort of participants
from the community. There was a predominance of males in
those samples that reported a gender ratio. The mean age across
the studies varied within the range of 20-45 years, with a single
study Montgomery et al. (39) including an adolescent cohort
(mean age 19 years old). Twelve of the included studies were
conducted in the United States, four studies in Europe, and one
study in Australia. The diagnosis of stimulant use disorder, most
studies (12 out of 17 studies) used the diagnostic criteria, two

studies used a questionnaire or self-report, respectively, and the
remainder of the studies did not provide any information as to
how the diagnosis was ascertained. Eight studies utilized Stroop
testing, one study used a reaction time experimental task, one
study used a working memory task, four studies used the visual
probe task, and two studies used the visual probe task with
eye-tracking.

Primary and Secondary Outcomes
Reported in Studies for Stimulant Use

Disorders
All of the included studies reported the presence of biases except
Carpenter et al. (42), which failed to demonstrate an attention
bias in their sample of cocaine users. Two studies reported the
severity of the underlying dependency to affect the resultant
biases [Franken et al. (35) and Van Hamel et al. (51)]. Studies that
assessed attention bias using the visual probe with eye-tracking
to assess for attentional bias demonstrated that the cocaine-using
cohort exhibited gaze preferences toward cocaine stimuli.
Concerning secondary outcomes, Franken et al. (35) reported
that attentional bias was elevated in patients who had higher
levels of cravings. Liu et al. (40) observed that attentional
bias amongst cocaine users was associated with heightened
impulsivity and poorer inhibitory control. Marks et al. (47)
reported that there appears to be generalization of attentional
bias for cocaine stimuli to that of alcohol stimuli. Mayer et al.
(6) reported that there was no effectiveness of attention bias
modification in reducing cocaine-related attentional biases.

Outcomes Reported in Studies With a

Heterogeneous Sample

Two studies [Carpenter et al. (42) and Van Hamel et al. (51)]
studied group with differing diagnosis. The studies included
drug-dependent participants with either cocaine, cannabis or
opiate dependence; or participants with alcohol, cannabis,
amphetamines, or GHB use disorders. Both the Stroop test and
the visual probe task were used in the assessment of attentional
biases, and both trials demonstrated the presence of attentional
biases.

DISCUSSION

This is perhaps the first review that synthesizes the evidence
of cognitive biases in opiate, cannabis and stimulant use
disorders. The main finding is the evidence that cognitive biases
are present in the 38 studies identified, except for a single
study on opioid use and stimulant use disorders. There were
differences in the participants recruited for each disorder, with
opioid use disorder studies recruiting mainly treatment-seeking
individuals, who were either abstinent or maintained on opiate
substitution therapy. The bias assessment methods used included
the Stroop task, visual probe, eye movement tracking, approach
and avoidance task, attentional visual search, and flicker change
blindness paradigm. The findings for the secondary outcomes
were narratively reported, but not synthesized due to their high
heterogeneity.
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Our main finding is the evidence that cognitive biases are
present in opiate use, cannabis use, and stimulant use disorders.
This finding is novel as there have not been any prior reviews
of cannabis use disorders. In their meta-analysis, Cristea et al.
(1) attempted to search for randomized trials for these substance
disorders, but eventually only included trials that evaluated
participants with alcohol or tobacco use disorders. Given this, the
paper by Eberl et al. (5) only provided evidence that cognitive
biases were present and could be subjected to modification
among participants with either alcohol or tobacco use disorders.
A review by Christiansen et al. (9) included participants with
opiate use disorders (17, 42, 43) and participants with cocaine
use disorders (17, 42, 43, 45, 52). Whilst the work by Field
and Cox (2) provided evidence for the presence of cognitive
biases in opiate and cocaine use disorders, the evidence synthesis
was from a limited number of studies, given that the primary
objective of the review was to ascertain the association between
cognitive bias and relapse. In their critical review, Leeman et
al. (53) provided evidence for the presence of attentional biases
in cocaine use disorders. This review was limited only to the
assessment of cocaine studies as the authors reported that prior
studies have reported that individuals with cocaine use disorders
have particularly robust cognitive biases and that, given the
lack of effective treatment approaches, novel approaches such
as bias modification need to be considered (53). It is clear
that the current review addressed several gaps in the prior
reviews, by synthesizing the evidence for cognitive biases in
three highly prevalent substance use disorders (opioid, cannabis,
and stimulant use disorders) through evaluating studies with
different study designs. None of the prior reviews synthesized
evidence for the presence of attentional biases for individuals
with cannabis use disorders. Evidence synthesis for this is
of particular importance, given that cannabis use has been
increasingly globally (34), and an estimated 10% of regular
cannabis users do eventually develop dependence. Also, apart
from the risk of developing an addictive disorder, cannabis use
has been associated with heightened risk for the development
of other psychiatric disorders, such as psychosis, cognitive
impairment, and potentially also amotivational syndrome. Thus,
the identification of the presence of cognitive bias in individuals
with cannabis use disorders signifies that there remains a need
for interventions to deal with these unconscious processes. Also,
cognitive bias assessment could also help in the differentiation
of individuals who are clinically dependent on cannabis and
those who are using cannabis recreationally, as it has been
demonstrated that individuals who are clinically dependent
have stronger attentional biases. Whilst our synthesized results
demonstrate the presence of cognitive biases in all three addictive
disorders, it should be noted that there were two outlier studies
(23, 42). One of the studies (23) attributed this finding to the
fact that the presentation of the opioid-related stimuli might have
appeared to be novel to the control sample.

Our synthesis of the published literature demonstrated the
presence of biases in individuals who receive opiate substitution
therapy (16). The presence of biases among individuals
maintained on opiate substitution therapy implies that whilst
pharmacological interventions might help in the stabilization of

the lifestyle and minimisation of harms associated with illicit
usage, it does not have any effect on factors that could still
predispose individuals to a lapse or relapse (14). Drug-related
stimuli have been proposed to be “cognitive intermediates” prior
to a lapse or relapse, given that such salient stimuli activate
unconscious processes, leading to one having increased attention,
but also leaves the individual with fewer resources available to
apply learned coping strategies. Hence, there is clearly a need
for cognitive bias modification to be considered for individuals
with addictive disorders. There has been increased recognition of
this need, as evident by the protocol proposed by Heitman et al.
(54), in which they attempt to investigate both the effectiveness
and cost-effectiveness of an online Internet-based cognitive bias
modification method that is delivered in addition to treatment
as usual for individuals with alcohol or cannabis use disorders.
Whilst there has been a prior study (55) that has evaluated
combined cognitive bias modification and cognitive behavioral
therapy, there remains, to our knowledge, no published studies
or protocol for a similar study for substance use disorders. A
consideration of the integration of both modalities of therapy
is crucial, given that cognitive behavioral therapies typically
target the top-down or reflective conscious decision-making
processes, whilst bias modification could target the bottom-up or
unconscious processes that are responsible for lapse and relapse
occurrences.

The fact that cognitive biases could be detected by different
tools negates the previous concerns raised about the reliability of
the assessment tools. Biases were reported to be present despite
there being a varied range of assessment tools that were utilized.
The combination of indirect and direct measures used in the
ascertainment of cognitive biases helped improve the evidence
base, supporting the presence of these biases in all three disorders.
Across all three disorders, a combination of both indirect and
direct measures was used in the ascertainment of cognitive biases.
Indirect measures, as aforementioned, refer to assessment tools
such as the Stroop task or the visual probe task. In these indirect
measures, participants are required to either name the color in
which neutral and drug-related words are printed or respond to
probes that replace either neutral or salient stimuli (53). Reaction
time is measured and used as a surrogate in the determination
of attentional biases. Direct measures provide better evidence
of cognitive biases, given that eye movements in response to
neutral or drug cures are used in the ascertainment of cognitive
biases (12). Ataya et al. (56) previously investigated the internal
reliability of the Stroop task and the visual probe task in the
assessment of attention biases and reported that the modified
Stroop task was more reliable as compared to the visual probe
task, as it is a simpler task and is less likely to influence the
reaction time that is being measured. Field and Christiansen
(57) reported that the eye-movement measurement of cognitive
bias does help to further mitigate against the concerns about
reliability. Given that a variety of conventional indirect measures
and direct measures were used for all the different disorders, we
believe that this helps to better the quality of our synthesized
evidence of the presence of cognitive biases in these disorders.

Notably, there was a single study Montgomery et al. (39) that
has utilized different methods of cognitive bias assessment in the
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same group of participants. Interestingly, the authors reported
that there was an increase in attentional biases following the
administration of the visual probe task. However, participants’
response did not differ when the modified Stroop task was used.
Montgomery et al. (39) explained the differences in their results
by highlighting that the visual-probe task might be better in
measuring visuospatial attention. The Stroop task might not be
as sensitive in the measurement of visuospatial attention but is
better in assessing for response inhibition and other cognitive
processes. Whilst we have previously discussed the advantages
of having both direct and indirect measures in the assessment of
biases, the results arising from Montgomery et al. s (39) study has
other implications if only indirect measures are to be used. This
might be in the context of web or mobile-delivery of cognitive
bias modification intervention. As such, it is of importance for
researchers to carefully consider which assessment tool might be
most appropriate, depending on the stimulus that they present
to participants, given that the visual probe task is better able to
measure visuospatial attention, and the Stroop task better for
response inhibition. Also, while the Stroop task has been found to
be more reliable, the results arising from Montgomery et al.’s (39)
study also highlights the need for researchers to consider other
aspects of the intervention, that might affect whether the task is
capable of detecting biases.

This review has several strengths. A comprehensive search
through the literature identified studies for the highly prevalent
addictive disorders. No other reviews have synthesized the
existing evidence for biases and cannabis use disorders. There
are however limitations. The inclusion of a mixture of study
designs, including both randomized and non-randomized studies
affects the quality of the evidence, given that non-randomized
studies have the risk of confounding and other biases. We
were unable to perform a risk of bias assessment, due to the
diversity of study designs and there remains no single tool that
could assess risk of bias across different study designs. Whilst
we search for studies involving participants with stimulant use
disorders, the studies included involved participants who were
primarily using cocaine. It will be beneficial if studies involving
participants who were using amphetamines be conducted and
incorporate into future synthesis, particularly as there is an
increasing global trend of amphetamine abuse and dependence.
We are also limited to a qualitative synthesis of the data extracted
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