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Abstract: Introduction: Advances in experimental psychology have led to a better understanding of
automatic, unconscious processes, referred to as attentional biases. Despite the growing evidence from
meta-analytical studies, we still do not understand why some individuals have a greater magnitude
of these biases, and why others have none. There has been little focus on elucidating individual
differences and task parameters that affect the overall magnitude of the biases. In this opinion piece,
we will attempt to identify these. We will then discuss both the research and clinical implications.
Methods and Analysis: To identify the factors that modulated the magnitude of attentional biases
across all the substance disorders (i.e., opioid use, cannabis use, and stimulant-use disorders),
we performed a search using the bibliographic databases PubMed and MEDLINE. The search
terminologies “attention bias” or “cognitive bias” or “approach bias” or “avoidance bias” were used
when we looked for relevant articles. Results: It was evident from the published literature that
several individual differences and factors modulated the magnitude of baseline biases. Across opioid,
cannabis, and stimulant-use disorders, the most common individual differences identified were
the severity of the dependence and the quantity of substance used. For both opioid and cannabis
disorders the timing of stimulus presentation influenced the detection of attentional bias; it appeared
that short stimulus timing was better able to detect attentional bias. Other identified individual
differences included subjective craving and impulsiveness. The results highlight several research and
clinical implications. Conclusions: The discovery of these individual differences and factors of the task
paradigm that affect the magnitude of attentional biases will help in the future conceptualization of
attention-bias-modification intervention.
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1. Introduction

Advances in experimental psychology have led to a better understanding of automatic, unconscious
processes, referred to as attentional biases [1]. Such biases are present in several disorders, including
depressive and anxiety disorders [1], but our interest is in examining these biases specifically for substance
disorders. In the context of substance dependency, attentional biases refer to the automatic tendencies
for attention to be preferentially directed towards substance-related cues [1,2]. Thus, individuals with
addictive disorders will be more attracted to substance-related cues in their natural environment [2].
This attraction can result in a partial slip or full relapse back to addictive behavior. These biases arise
when the chronic usage of substances results in increased automatic processing of substance-related cues,
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and corresponding inhibition of the normal cognitive control processes [3]. These biases are typically
assessed by means of indirect measures (i.e., measures of reaction time) using tasks like the visual probe
task [4]. When the visual probe task is used for the assessment of biases, probes replace both the drug
and neutral stimuli in the same ratio (50:50). Modification of biases involves pairing the probe with
the neutral stimuli 100% of the time, in order to effect bias retraining [4]. Conventional psychotherapies
for relapse prevention, such as cognitive behavioral therapy, have limited impact as they only address
cognitive control processes. In our previous review, we examined 38 studies involving participants
with opioid, stimulant, or cannabis-use disorders, and found attentional biases are consistently
observed in the studies involving these disorders [4]. More recently, MacLean et al. (2018) [5] conducted
a meta-analysis focusing only on the attentional biases of opioid users and reported the presence of
robust attentional biases. In another meta-analysis, O’Neill et al. (2020) [6] focused on individuals
with cannabis-use disorders and found greater attentional biases amongst cannabis users compared
with controls.

Despite the growing evidence from these meta-analytical studies, none of these prior studies have
highlighted individual differences in attentional biases amongst sampled individuals with addictive
disorders. We still do not understand why some individuals have evidence of biases when first assessed
by means of an attention-bias assessment tool (baseline biases), and why some individuals have a larger
magnitude of attentional bias at baseline. The absence of baseline biases amongst some substance users
was evident in our previous study (Zhang et al., 2019) [7] evaluating the feasibility and acceptability of
a mobile attention-bias-modification intervention. We found that 53% of the sampled individuals did
not have baseline biases [7,8]. Previously MacLean et al. (2018) [5] had highlighted that individuals
diagnosed with opioid use disorder had baseline biases, but non-dependent users of prescription opioids
did not exhibit such biases. Other studies (e.g., Bearre et al. (2007) [9] and Fadardi et al. (2010) [10])
have reported a dose-dependent relationship between the quantity of opioids used and the magnitude
of attentional biases observed. In 2013, Garland et al. [11] suggested that the presence or absence of
baseline biases was associated with the stimulus timings used in the assessment of attention bias.
Using the visual probe paradigm, they observed that a short stimulus timing interval of 200 rather
than 2000 milliseconds was better able to capture attentional biases amongst opioid-using individuals.
Similarly, for cannabis-use disorders, whilst O’Neill et al. (2020) [6] have demonstrated in their
meta-analytical study the presence of attentional biases, factors that could have modulated the presence
and the magnitude of biases were not explicitly highlighted. For example, Field et al. (2006) [12]
investigated, in their prior study the relationship between the severity of cannabis dependence and
attentional biases for cannabis-related stimuli, and found that the attentional bias was dependent on
the frequency of cannabis use and also the subjective craving scores.

It remains of importance to examine these individual differences. Individual differences could affect
the effectiveness of any attention bias modification intervention; and an understanding of individual
differences could help in the personalization of the intervention, and also help in improving the ability
of the intervention in modifying attentional biases (Dennis-Tiwary et al., 2017) [13]. With a knowledge
of these individual differences, we will be better able to identify individuals who are more suited to
receive such intervention, with certainty that there might be resultant changes in the magnitude of
their biases. In this literature review, we will attempt to identify some of these individual differences
that affect whether biases are present at baseline, and the corresponding magnitude of biases. We will
also identify other factors relating to the nature of the task paradigms that affect the magnitude of
attentional biases. We will then present and discuss some of the research and clinical implications.

2. Methods

To identify the factors that modulated the magnitude of attentional biases across all the substance
disorders (i.e., that of opioid use, cannabis use, and stimulant-use disorders), we performed a search
using the bibliographic databases PubMed and MEDLINE. The search terminologies, along with quotes
“attention bias” or “cognitive bias” or “approach bias” or “avoidance bias” were used when we looked
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for relevant articles. We searched the databases from inception till 5 August 2020, and the search yielded
745 articles for attention bias, 1339 for cognitive bias, 168 for approach bias, and 34 for avoidance
bias. Articles were only included if they discussed cognitive bias modification in the context of
substance-use disorders, specifically those of illicit substances, namely opioids cannabis, and stimulant.
In the subsequent three paragraphs, we will highlight what we found for opioid-use, cannabis-use,
and stimulant-use disorders.

3. Attentional Bias in Opioid-Use Disorders

For opioid-use disorders, previous research has found differences in the magnitude of attentional
biases amongst users and non-users, and amongst those with different severities of opioid addiction.
Fadardi et al. (2010) [10] examined a cohort of 53 Iranian drug-abusers on methadone maintenance
therapy and 71 non-abusers. They reported that drug-users had higher biases for drug-related stimuli,
even after controlling for effects such as age and education. Similar findings were reported in the studies
of Constantinou et al. (2010) [14] and Bearre et al. (2007) [9]. Constantinou et al. (2010) [14] examined
attentional biases and cravings amongst current users of opioids, ex-users of opioids, and non-users.
Current users consisted of individuals undergoing methadone maintenance treatment; ex-users
consisted of abstinent participants attending programs, and non-users those who have never used
opioids. They found that those who were currently abusing had a greater magnitude of attentional
biases. They found that ex-users exhibited a bias away from the drug-related stimulus, which was
related to their total duration of abstinence. Bearre et al. (2007) [9] reported a relationship between
dependence severity (based on the monthly frequency of heroin used, via inhalation or injection)
and the overall attentional biases. More recently, a meta-analytical study by MacLean et al. (2018) [5]
concluded that individuals with diagnosed opioid dependence exhibited attentional biases, but these
were not found in non-dependent prescription-opioid users, suggesting that the amount of substance
used is a factor in modulating the strength of attentional biases.

Impulsiveness, cravings, temptations to use, and the stimulus timings of the visual probe task
have been observed to affect attentional biases in opioid users. Anderson et al. (2013) [15] found
attentional biases to be positively related to impulsiveness, but negatively related to the visual
working-memory capacity. The observations of Water et al. (2012) [16] suggests that cravings and
temptations to use might affect the magnitude. In their study they examined participants’ affect
and cognition before and during a temptation episode, and found elevated attentional biases during
the temptation episodes, and the magnitude of biases was elevated 1 h prior to the temptation
episode. Garland (2013) [11] investigated whether variations in the stimulus timings for the visual
probe task impacted on the magnitude of attentional biases and reported that attentional biases were
present only when stimuli were presented for short intervals of 200 milliseconds, instead of 2000
milliseconds. Demographic variables, such as gender were investigated to determine if they accounted
for the differences in attentional biases amongst drug-abusers and non-abusers by Fadardi et al.
(2010) [10]. The authors did not report them to influence biases. Moreover, the presence of attentional
biases in an Iranian sample of participants also demonstrates that biases are culture-free [10]. Table 1
provides a brief overview of the articles identified and the factors highlighted.
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Table 1. Overview of individual differences and factors modulating biases in opioid-use disorders.

Studies Individual Differences/Factors
Modulating Main Findings

Fadardi et al. (2010) [10] Substance dependency/amount of
substance used

Drug-users had greater biases for
drug-related stimuli, even after

controlling for effects such as age
and education

Constantinou et al. (2010) [14] Substance dependency/amount of
substance used

Those who were currently abusing
had a greater magnitude of

attentional biases.

Bearre et al. (2007) [9] Substance dependency/amount of
substance used

Reported a relationship between
dependence severity (based on

the monthly frequency of heroin
used, via inhalation or injection)

and the overall attentional biases.

MacLean et al. (2018) [5] Substance dependency/amount of
substance used

Individuals with diagnosed opioid
dependence exhibited attentional
biases, but these were not found in

non-dependent
prescription-opioid users

Anderson et al. (2013) [15] Impulsiveness and visual
working-memory capacity

Found attentional biases to be
positively related to impulsiveness,
but negatively related to the visual

working memory capacity

Water et al. (2012) [16] Cravings

Elevated attentional biases during
the temptation episodes, and,
the magnitude of biases was

elevated 1 h prior to
the temptation episode

Garland (2013) [11] Stimulus timings presented in task

Reported that attentional biases
were present only when stimuli

were presented for short intervals
of 200 milliseconds, instead of

2000 milliseconds.

4. Attentional Bias in Cannabis-Use Disorders

For cannabis-use disorders, there is also evidence that both the severity of dependence and
the quantity of cannabis consumed affect the magnitude of the underlying attentional biases. In their
meta-analysis, O’Neill et al. (2020) [6], highlighted that there was a greater magnitude of attentional
bias towards cannabis stimuli observed in cannabis users. More specifically, prior studies, such as
that of Field et al. (2005) [12] reported that it is not just the frequency of use, but also the number of
joints smoked that affect the absolute magnitude of attentional biases. In two studies by Cousijin et al.
(Cousijin et al. (2011) [17] and Cousijin et al. (2013) [18]), they reported there being attentional biases
mainly amongst heavy-users. Cousijin et al. (2013) [18] also highlighted that individuals who were
clinically categorized as dependent exhibited a stronger magnitude of attentional bias compared to
those who were using cannabis heavily but were not dependent. In the study by Campbell et al.
(2018) [19] to differentiate between users’ and non-users’ attentional biases, they also reported that
the intensity of cannabis used (grams used per week), correlated with the number of errors made
during the testing process, and hence affected the magnitude of attentional biases.

Other studies have highlighted that the duration of the stimulus timings, subjective cravings,
perceived stress, and the nature of the stimuli presented may also impact on attentional biases in
cannabis users. Vujanovic et al. (2016) [20] reported that individuals with cannabis-use disorder,
have had larger attentional biases when they are presented with stimuli for short timings, such as
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125 milliseconds. This finding were also been reported in the meta-analysis by O’Neill et al. (2020) [6],
in which they described larger effects when the stimulus was presented for short timing intervals of 125
to 500 milliseconds. Presentation at short stimulus timings has been known to better assess for initial
orientation attentional biases. With regards to subjective cravings, Field et al. (2005) [21] reported there
being a correlation between the frequency of cannabis use and subjective craving, and this in turn
would affect the magnitude of attentional biases. Vujanovic et al. (2016) [20] reported that individuals
with cannabis use disorder, who have a significantly greater attentional bias, have higher levels of
both perceived stress and acute stress. Wilcockson et al. (2016) [22] reported that the presentation of
anxiety-related stimuli would result in heightened attentional-avoidance behavior. Table 2 provides
a brief overview of the articles identified and the factors highlighted in cannabis-use disorders.

Table 2. Overview of individual differences and factors modulating biases in cannabis-use disorders.

Studies Individual Differences/Factors
Modulating Main Findings

O’Neill et al. (2020) [6] Amount of substance
used/substance dependency

Greater magnitude of attentional
bias towards cannabis stimuli

observed in cannabis users

Field et al. (2005) [12] Amount of substance
used/substance dependency

Reported that it is not just
the frequency of use, but also

the number of joints smoked that
affect the absolute magnitude of

attentional biases

Cousijin et al. (2013) [17] Amount of substance
used/substance dependency

Highlighted that individuals who
were clinically categorized as

dependent exhibited a stronger
magnitude of attentional bias
compared to those who were

using cannabis heavily but were
not dependent

Campbell et al. (2018) [19] Amount of substance
used/substance dependency

Reported that the intensity of
cannabis used (grams used per

week), correlated with the number
of errors made during the testing

process, and hence affected
the magnitude of
attentional biases.

Vujanovic et al. (2016) [20] Stimulus timings

Reported that individuals with
cannabis use disorder, have had

larger attentional biases when they
are presented with stimulus for

short timings, such as
125 milliseconds

Field et al. (2005) [21] Cravings

Reported there being a correlation
between the frequency of cannabis

use and subjective craving,
and this in turn would affect

the magnitude of attentional biases

Wilcockson et al. (2016) [22] Nature of stimuli

Reported that the presentation of
anxiety-related stimuli would

result in heightened
attentional-avoidance behavior
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5. Attentional Bias in Stimulant-Use Disorders (Cocaine Use)

For stimulant-use disorders, there appears to be a correlation between the severity of the substance
dependence and attentional biases similar to that observed for opioid and cannabis-use disorders.
Marks et al. (2014) [23] measured the fixation time for the computation of attentional biases and
reported that only individuals who have had previously used cocaine had underlying attentional
biases. They also reported that the magnitude of the attentional biases was correlated with the lifetime
use of cocaine.

Apart from severity and quantity of substance use, other factors such as cravings, whether
individuals were treatment-seeking, had underlying impulsivity, or were taking other substances
or prescribed medications also modulated the magnitude of attentional biases. The association
between craving severity ratings and attentional biases was first demonstrated by Copersino et al.
(2004) [24]. Their study examined the relationship between attentional bias and cravings amongst
individuals with cocaine dependence and a comorbidity of schizophrenia. Vadhan et al. (2007) [25]
observed a relationship between attentional bias and whether cocaine-using individuals were
treatment-seekers, with treatment-seeking individuals tending to have greater attentional biases,
as they had increased response latency and made more errors in identifying the colors of the stimulus
presented. Personality characteristics such as impulsivity have been correlated with heightened
attentional biases amongst cocaine users (Liu et al. 2011) [26]. With regard to whether other stimuli
could modulate attentional biases, there are mixed findings. Montgomery et al. (2010) [27] reported that
cocaine users, who were given alcohol, had increased attentional biases for cocaine stimuli, compared
to non-users and individuals who merely received placebo. However, Marks et al. in 2015 [28,29] found
that the administration of alcohol did not affect attentional biases, but it did affect cravings for cocaine
use (Marks et al., 2015) [28]. Table 3 provides a brief overview of the articles identified and the factors
highlighted in cannabis-use disorders.

Table 3. Overview of individual differences and factors modulating biases in stimulant-use disorders.

Studies Individual Differences/Factors
Modulating Main Findings

Marks et al. (2014) [23] Substance dependency/amount
of substance used

Reported that only individuals
who have had previously used

cocaine had underlying
attentional biases.

Copersino et al. (2004) [24] Cravings
Reported an association between

craving severity ratings and
attentional biases

Vadhan et al. (2007) [25] Treatment-seeking versus
non-treatment seeking

Reported treatment-seeking
individuals tending to have

greater attentional biases, as they
have had increased response

latency and made more errors in
identifying the colors of
the stimulus presented

Liu et al. 2011 [26] Impulsivity
Impulsivity has been correlated

with heightened attentional biases
amongst cocaine users

6. Implications for Clinical Care and Future Research

It is evident that several individual differences affect the magnitude of biases. Across opioid,
cannabis, and stimulant-use disorders, the most common factors identified were the severity of
the dependence and the quantity of substance used. The identification of this factor is pertinent for
clinical management and for research in the future. In the clinical setting, it may be that there are no
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biases amongst patients who are abusing substances recreationally, or who are in the experimental
stage of substance use, but rather in those diagnosed as being dependent and who are using substances
frequently. Clinicians thus need to be aware of these individual differences and refer appropriate
patients for bias modification interventions (i.e., interventions focused on retraining biases away from
the stimuli of interest). In this way, clinicians can personalize interventions for participants, so that
only appropriate patients are referred for bias modification intervention, whilst those who do not have
biases are referred for conventional psychosocial interventions.

In the research setting, it is our opinion that the identification of these individual differences
has resultant implications for bias-modification interventions. Researchers ought to be cognizant of
the factors modulating attentional biases and recognize that these factors will help inform the inclusion
and exclusion criteria for future research studies attempting to determine the effectiveness of bias
modification interventions. This also calls for a more detailed understanding of the patients’ substance
use prior to their enrolment into future trials. Tools such as the addiction-severity index may help
researchers to have a greater understanding of the nature of the substances that participants have
abused previously, and the quantity and frequency of their use of substances within the recent
month, or in the past year. Based on the studies we highlighted, we have not observed there
being a consistency in assessing for baseline biases before participants are enrolled into research
involving bias modification. This article, by highlighting all the factors that modulate baseline biases,
thus provides good evidence purporting the need for baseline assessment, before patients are recruited
into bias-modification interventions.

It is our opinion that future research ought to carefully consider the nature of the visual probe
paradigm which is used and, the stimulus timings used. For both opioid and cannabis disorders
the timings of stimulus presentation influence the detection of attentional biases, it appears that short
stimulus timings are better able to detect attentional biases. It is recognized that short stimulus timings
are better able to assess initial orientation to the stimulus, whilst long stimulus intervals are better
for detecting delayed engagement [30]. The differences in the performance values of short and long
stimulus timings in detecting attentional biases brings into question issues of reliability of the visual
probe task. Its internal reliability was first questioned by Ataya et al. (2012) [31], when reporting on
laboratory studies with poor internal consistency. Subsequently Field et al. (2012) [32] argued that
the poor reliability of the visual probe task might be due to the nature of the stimulus used. In their
study, they presented participants with images of their preferred drinks and reported an increase in
the magnitude of the attentional biases detected. Further reports show that the reliability of the visual
probe task (both the spilt-half and test-retest reliability) has been poor [31]. Last year Zhang et al.
(2019) [33] reported extensive variation in the visual probe paradigms that have been used across
different studies. This heterogeneity of methods has implications for both existing findings and their
inclusion in metanalyses, as well as the research of the future. Moving forward we need to investigate
if variations in the task parameters, such as the stimulus timings could improve the reliability of
the task, (given that it has been shown that at short stimulus intervals, biases are more readily detected).
Another important area for exploration is whether personalization of the stimulus would bring about
increased reliability. Jones et al. (2018) [34] investigated the effects of personalization of the stimulus
images but reported that this did not improve the reliability of the task. However, Jones et al. (2018)
used images that were based on the earlier work of Christiansen et al. (2015) [35] rather than images
specifically selected in the study’s context. Christensen et al. (2015) [35] had used informal focus
groups to select the images to use with their study participants. In future research we need to explore
different ways of selecting images to be used in the visual probe task, and whether personalization of
the task enhances its effectiveness.

With concerns raised about the reliability of the visual probe task we need to consider whether other
more reliable tools should be utilized, for example the direct assessment of biases by the measurement of
eye fixation times [36]. The alternative tools are more cumbersome when compared to the conventional
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visual probe task and may be more difficult to use in a clinical setting, but technology perhaps can be
harnessed to achieve something which is more reliable and practical.

It is also evident that other variables affecting the magnitude of attentional biases are
under-investigated. In the clinical setting, it is not uncommon to manage patients who have abused
multiple substances and no existing studies have examined how the use of several drugs impacts on
biases. Similarly, no one has examined how factors, such as the mechanisms of use, the duration of
use, and the duration of abstinence affect attentional biases. To date the demographic variables of
gender and education have been discounted as variables that modulate attentional biases in those with
opioid-use disorders. We still need to examine how other demographic variables, including age, affect
these biases. These studies could be combined with studies exploring how attentional bias differs
amongst treatment-seeking and non-treatment seeking participants, an interesting observation from
a single study which needs to be replicated in a variety of substance-use disorders.

7. Conclusions

The discovery of these individual differences and factors of the task paradigm that affect
the magnitude of attentional biases will help in the future conceptualization of attention-bias-modification
intervention. Clinically, it will guide appropriate referral, and the identification of these individual
differences will affect the formulation of the inclusion and exclusion criteria for randomized trials.
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