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Abstract

Introduction: Methamphetamine abuse has been growing during the past decade. Recent studies
show that computerized training intervention can be useful. The present study compared a variety of
cognitive bias modification methods (i.e., attention bias modification, approach bias modification and
their combination) on attention bias, approach bias and relapse among methamphetamine abusers.
Method: A total of 108 patients were recruited as the primary sample and the obtained data from 97
patients were analyzed in the final analysis. After being matched according to demographical
characteristics, participants were assessed for cognitive bias and relapse to measure the baseline.
Afterwards, they were randomly assigned to three different training conditions receiving eight training
sessions and a control condition. Finally, all participants underwent a post-assessment similar to the
pre-assessment.

Results: Analysis of covariance (ANCOVA) indicated significant reduction both in cognitive bias and
relapse in the experimental conditions compared to the control condition. Post-hoc tests suggested
no significant differences in relapse in the experimental groups. Furthermore, attention bias decreased
in groups after Attention Bias Modification (ABM) and approach bias decreased in the groups which
received Approach Avoidance Task (AAT-T).

Conclusion: It can be suggested that different treatments of cognitive bias modification, by reducing
cognitive bias and relapse, could be beneficial for methamphetamine abusers.
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Introduction

Methamphetamine (MA) is one of the Amphetamine Type Simulants (ATS), which is more
frequently abused than the other amphetamine derivatives [1-3] Actually, MA is the second
most commonly used drug in the classification of illicit drugs worldwide [4-6]. There has
been a lot of research recently on the high prevalence and the extremely high mortality rate
of its users [7]. MA dominates the global market for synthetic drugs, especially in East and
South-East Asia, parts of North America and Europe [8]. Some studies [9,10-12] have also
demonstrated that MA use is associated with physical and psychological problems in Farsi-
language communities. Although the prevalence of MA use in the United States has not
changed in the last five years, the rate of its related disorders is increasing [1].

On the other hand, most addicts decide to abstain during the period of addiction over
and over, but they fail. O'brien and Gardner [13] believe that high rates of relapse following
abstinence is a major issue in addiction treatment. It has been explained that one factor
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contributing to relapse is cognitive bias towards
addiction-related cues [14]. When people frequently use
a certain addictive substance, they automatically
approach to cues related to that substance [15]. Dual
processing model is a theoretical basis of cognitive bias
[16, 17] whereby it claims that the automatic processes
have an important role in addiction [17, 18]. This model
that there is an imbalance between strengthened
automatic reaction to substance assumes -relate cues that
have acquired a high incentive salience after repeated
consumption, while weakened reflective processes and
cognitive control are obstructed before they are able to
determine the optimal behavioral response [19-21].

The strong attentional bias for drug-related cues is one
of the descriptive characteristics of addicted individuals
[22, 23]. In fact, when individuals are addicted to a
substance, the stimuli associated with that substance
acquires a powerful ability to automatically capture
attention, which is not evident in the individuals without
any history of drug abuse [24, 25] Therefore, the tendency
to address the role of neurocognitive factors including the
role of attention bias as an indicator of relapse has been
increased [26, 27]. In addition, some theoretical models
[22, 28-30] posit that attentional bias plays a substantial
role in onset, maintenance and relapse of drug use after
abstinence. Hence, studies indicate that intensity of
attentional bias to drug-related stimuli can predict relapse
[31, 32] and treatment outcome in drug abusers [33-36]
In addition, the level of attention bias to drug-related
pictures has a positive association with the level of drug
abuse [22]. Also, regardless of the type of treatment, drug
users show less attention bias towards drug-related cues
after treatment [37]. Consequently, attention bias can be
involved in the relapse process, so it could prevent the
relapse and predict better treatment outcomes by
affecting attentional bias. The effect of this program has
also been shown on other disorders, such as social anxiety
[38, 39]. Attention bias modification programs target
these automatic processes in addiction treatment [40].
The ABM shows promise as additional intervention for
alcohol use disorders [41, 42].

Approach bias can be described as the action
tendencies which are activated automatically in order to
use the substance because of the motivational value it has
[43]. Despite the awareness of the negative consequences
of addiction, continued substance use is typical in
addictive behaviors [15]. The dual process model justified
this discrepancy [17]. Approach Avoidance Task (AAT) is a
tool which measures approach bias. Research using AAT
have repeatedly shown the approach bias to drug-related
cues in nicotine dependency [44, 45], alcohol dependency
[46], and cannabis users [15]. Previous studies have also
shown that working memory training may improve
control of impulsivity and self-regulation in people with
methamphetamine use disorders [47]. Therefore, trainings
based on the approach bias (i.e., Approach Avoidance
Task Training (AAT-T)) could modify automatic tendency
to addiction-related stimuli. The AAT-T is considered as a
type of approach bias modification. Earlier studies have
investigated the effect of these treatment programs on
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various substance users and demonstrated positive
outcomes among hazardous drinkers, alcoholic patients
[40, 48, 49], and smokers [44, 50]. Moreover, previous
researches [48, 49] have demonstrated that relapse rates
decreased more in the AAT group compared to the
control group after one-year follow-up.

In the current study, four groups including attention
bias modification group, approach bias modification
group, their combination group, and a control group were
compared on MA abusers. It is assumed that all types of
cognitive bias trainings could reduce cognitive bias and
relapse compared to the control group. In addition, it is
assumed that the approach bias training was more
profitable than the attention bias modification, because of
its high engagement effect on the patients' use of zoom-
in effect on neutral pictures and zoom-out effect on
stimulus pictures. In fact, the bidirectional link between
the direction of physical movements and evaluation
processes has also been employed to modify attitudes
[51]. Furthermore, participants who are exposed to
Cognitive Bias Modification (CBM) trainings (both ABM
and AAT-T) show a better outcome than those exposed to
CBM trainings separately. The difference of the present
study from earlier studies is that it has focused on
individuals with methamphetamine dependence. The first
reason could be its accessibility to MA users, as the MA
can be simply produced at home laboratories. Secondly,
among amphetamines, MA is extremely more addictive
and can also cause more mental health problems [52]. For
example, it has been associated with higher risks of
psychosis [53], depression [54] and violence [55]. In
addition, the lack of specific medication therapy for
detoxification highlights the greater importance of
psychotherapy. Therefore, it is plausible that cognitive
training had positive effects on MA abusers’ recovery. It
was found out that no relevant studies exist on MA
abusers. In addition, AAT-T measurement was developed
for the first time to be used for Farsi speakers.

Moreover, the combination of CBM training
programs on MA abusers has been investigated.
The purpose of present study was investigating the
effect of a variety of CBM methods on attention
bias, approach bias  and relapse ~ among
methamphetamine abusers.

Method

To carry out this study, 143 Methamphetamine-
dependent patients who were admitted to the addiction
treatment center of Gonbad-e Qabus, Iran in 2018 were
recruited. The inclusion criteria were as follows: MA
abusers who had abused MA in the last episode of their
addiction, did not use psychiatric drugs, at least a week
passed from the beginning of detoxification and stayed at
the clinic for at least eight weeks. The exclusion criteria
included: psychotic disorders, delusion and hallucination
(12 individuals), color-blind (1 individual), visual problem
(7 individuals), inability in the right hand (3 individuals),
inability to concentrate (5 individuals) and inability to
perform cognitive tasks (7 individuals). Individuals with
these problems were identified and dismissed based on
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demographic characteristics checklist and clinical
interview by a clinical psychologist. Because these
problems interfere with the implementation of the
programs, 35 individuals were excluded from the study.
The remaining 108 individuals were matched based on
age, gender, marital status, educational level, duration of
MA abuse and the result of cognitive tasks. Thereafter, all
participants were randomly assigned to one of four
conditions. Participants’ flow diagram is presented in
Figure 1. The current study was conducted during six
months and in three episodes. Ninety-seven participants
completed post-test after the last training session, so our
final sample included 97 participants (24 participants in
each group except for the first group (n=25)). The drop in

the sample in all groups was due to unpredictable
dismissal of the participants from the centers. The tools
used in this study were as follows:

Demographic Characteristics Checklist: The authors
prepared this demographic questionnaire for this study.
Information about participants' age, gender, educational
level, marital status, last drug use, duration of drug use,
duration of abstinence, history of psychiatric illnesses,
history of physical illnesses, colorblindness, history of
brain damages, and dyslexia was gathered. Statistical
analyses demonstrated no significant differences among
baseline characteristics in different groups. An overview of
the baseline characteristics is presented in Table 1.

Psychotic disorders (n= 12)

Pre-assessment
(N=143)

Visual problem (n=7)
Inability to concentrate (n=5)

Inability in the right hand (n= 3)
Inability to perform tasks (n= 7)

[
»

A 4

Color blind (n= 1)

Counterbalanced and
randomized (N= 108)

v v

Intervention 1:
Attentional bias
modification

Intervention 2:
approach bias

Intervention 3:

attentional bias Control group

approach bias modification modification (N: 24)
modification (N=24) (N=24)
(N=25)
\ 4 l \ 4 A 4
Post-assessment
(N=97)
Fig. 1. Participants flow Diagram
Table 1. Overview of Baseline Characteristics
i Control
Variable ABM+AAT (N=25) AAT (N=24) ABM (N=24) (N= 24)
M= 32.88 M= 32.08 M= 35.08 M= 30.71
Age (years) SD=7.81 SD= 8.85 SD=87 sp-g5 (3 9N=112p=.34
Gender ratio (F/M) 817 717 717 8:16
. M= 8.52 M= 6.9 M=75 M= 6.9
Level of education (years) <D= 428 SD= 425 SD= 444 <D= 46 F(3,97)= .56 p= .64
Marital status (S/M) 14:11 12:12 10:13 13:10
Duration of drug user M= 42 M= 4.67 M= 4.46 M= 3.92 _ _
(years) SD= 3.92 SD= 3.21 SD= 4.09 SD= 2.81 F3,97)= 2 p=89

Relapse Prediction Scale (RPS): The Relapse Prediction
Scale [RPS; 56] is a self-report scale with 50 items and two
parts including intensity of urge in a particular condition
and probability of use in that condition. Participants were
instructed to assume themselves on 50 particular
conditions, then grading (0-4) the intensity of urge and
probability of use in that condition. Finally, all the scores
of the participants were summed up. The result is the
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score that indicates the amount of relapse. Mehrabi et al.
[57] reported the validity of this questionnaire using
Cronbach's alpha method for the intensity of urge scale
0.98 and for the probability of use scale 0.97. The internal
consistency for this scale in the present study by
Cronbach'’s alpha was 0.98.

In the beginning, after a brief communication and
acquaintance, patients completed  demographic
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characteristics checklist and informed consent forms.
After the participants were matched based on age,
gender, marital status, educational level, duration of MA
abuse and the result of cognitive tasks, they were
randomly assigned to one of the three different
conditions of the cognitive bias modification training or a
control group. Then, participants completed the pre-test
including dot-probe task, approach avoidance task and a
relapse  measurement. The experimental group
participants were asked to complete eight training
sessions across four weeks (twice a week), while
participants in the control group received no training. An
earlier research [ 49] demonstrated no significant
difference between no-training and sham-training. Each
training session of ABM and AAT-T groups lasted for 15
min with a short break in halfway, but the combination
group lasted for 30 min in each session. The experimental
groups' participants were tested 5 to 10 days after the
final session in the post-test during two sessions. In total,
MA abusers practiced for 12 sessions including two
pretest sessions, eight intervention sessions, and two
posttest sessions. The control group participants
completed post-test, five weeks after the pre-test. Two
months after the end of the study, the control group
received four sessions of cognitive bias training over two
weeks.

Dot-probe Task: The dot-probe task on MA abusers
was applied by presenting MA-related and neutral picture
stimuli. The computer-administered dot-probe task is the
most commonly used behavioral measurement to assess
attention biases as well as the impact of ABM on attention
bias [58]. It's a computerized speeded reaction time task
to respond to probes located on the computer screen.
These probes are presented in two spots on the computer
screen; in half of the trials it places the
methamphetamine-related stimuli and in the other half
the methamphetamine-unrelated stimuli. In this task,
each trial started with a fixation cross for 500ms in the
middle of the screen. Afterwards, a neutral picture and a
methamphetamine-related picture were presented next
to each other at 500ms which then disappeared. A probe
was replaced to the position of one of the two pictures
randomly. Participants were asked to respond to the
location of the probe on the screen as accurately and
quickly as possible. The attention bias score was
calculated by subtracting the mean of the reaction times
of the participant's correct efforts when the arrow
appeared instead of neutral pictures from the mean of the
reaction times of the participant's correct efforts when the
arrow appeared instead of the pictures related to MA. As
a result, the negative score indicates a bias towards the
stimuli associated with methamphetamine, the positive
score points to avoidance from the stimuli associated with
methamphetamine. Each session consisted of 160 trials
presented randomly to different stimuli locations (i.e.,
MA-related picture on right or left of the screen) and the
probe location. The probe replaced the location of one of
the two pictures randomly. Before each task, participants
were presented with 10 practice trials. The reliability of
this task has been evaluated by cognitive exports. The
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validity for the dot-probe task in the present study by
Cronbach'’s alpha was 0.84.

Attention Bias Training: The ABM was similar to the
dot-probe task, with the exception that the probe always
replaced the MA-unrelated pictures. Thus, participants
were trained to focus on the neutral pictures and draw it
away from MA-related pictures. In all versions of tasks and
trainings, the participants were instructed to identify the
direction of the probe by pressing right or left keys and to
ignore the picture stimuli content. Two versions of dot-
probe were verified on pictures. Twenty pairs of pictures
(20 neutral and 20 MA-related) were used for ABM. These
pictures were different from the assessment but were
similar to the treatment tasks. The task started with 10
practice trials with non-addiction-related pictures.
Participants responded to 160 trials with a short break
halfway [59].

Approach-Avoidance Task (AAT): Approach bias is
measured and trained by AAT [46, 60-62]. Tasks were
based on prior studies that have used AAT and AAT-T on
alcoholic inpatient [e.g., 40] and smokers [50]. It's a
computerized speeded reaction time task to respond to
rotation of the stimuli. Participants were asked to respond
to the rotation of the stimuli by two right and left arrow
keys (i.e., pictures rotated to the right vs. pictures rotated
to the left) and to ignore the stimulus content. In this task,
a fixation cross appeared on the center of the screen for
500ms. Afterwards, a MA-related picture or a neutral
picture appeared which tilted 3 degrees to the right or 3
degrees to the left randomly. Pressing the right key
increased the pictures size whereas pressing the left key
decreased it. In order to calculate the approach avoidance
bias score, the mean reaction time of avoiding from the
mean reaction time of the approach was subtracted for
each category of pictures (pictures related to MA and
neutral pictures). The approach reaction time faster than
avoidance is shown by a negative score while the
avoidance reaction time faster than approach is shown by
a positive score. Every session consisted 160 trials with a
short break halfway and 10 practice trials in the beginning.
The reliability of this task has been evaluated by cognitive
exports. The validity for the dot-probe task in the present
study by Cronbach'’s alpha was 0.81.

Approach-Avoidance Task Training (AAT-T): The AAT-
T is similar to the AAT, with the exception that the MA-
related pictures are presented on a left-away format and
neutral pictures are presented on a right-closer format in
all the trials. In this way, stimulus pictures get away from
participants and neutral pictures get closer after pressing
left and right, respectively. A trial of each task is presented
in Figure 2.

Attention bias and approach-avoidance task scores
were calculated by reaction times. Lower scores in the AAT
and dot-probe tasks show cognitive bias for the MA-
related stimuli while the higher scores in the AAT and dot-
probe show no cognitive bias to MA-related pictures. In
addition to the cognitive bias, relapse rate was also
measured. The effects of three experimental conditions
were compared with the control condition. In addition, the
three experimental conditions were compared together.
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The data were analyzed by SPSS version 24
software. There were no missing data. ANOVA
showed no significant difference in pre-test scores
of the variables among different groups. ANCOVA
was conducted to test the study hypotheses. Post-
test scores served as dependent variable and mean
baseline scores or pre-test as covariates [63]. This
process was applied to avoid regressions to the

mean and to control for baseline differences [64,
65]. For comparing the outcome variables of the
experimental conditions both together and with
the control condition, the Bonferroni post-hoc tests
were conducted if the main effects were significant.
Pretest and posttest means for the main variables
(i,e, AB, AAT and the relapse) for all the groups
with the effect sizes are presented in Table 2.

Figure 2. Examples of trials in the attentional bias modification (right) and in the approach bias modification (left).

Table 2. Group comparisons and results of the ANCOVAs for the outcome measures for pre-, post-, and across time-, per- protocol

analyses.
Condition/variable Attentional bias Approach-Avoidance Relapse rate
pretest
combination -11.36 27.16 112.92
AAT-T -7.71 18.04 117.67
ABM -6.08 23.75 112.75
Control -8.17 26.17 115.13
Per protocol
between-group F<1, p> .05 F<1, p> .05 F<1, p> .05
difference pre
posttest
combination 39.52 80.96 47.24
AAT-T 11.08 79.88 58.13
ABM 40.46 -3.42 52.92
Control .88 -8.96 90.75
Per protocol between-group F(3, 97) = 4.15, F(3,97) > 4.75, F(3,97) = 5.9,
difference pre-post, ANCOVA p< .05 n3 =.11 p< .05 %= .13 P< .05, n%=0.16

Note. df = degree of freedom; AAT-T = Approach-Avoidance Task; ABM = Attentional Bias Modification

Results

At pre-test, groups did not differ in the demographic
and cognitive bias variables (p> .05). One-way ANOVAs
indicated no significant differences in the attention bias
scores for the MA-related picture stimuli (F (3, 97) =.03, p
> .05), approach bias scores for MA-related picture stimuli
(F (3, 97) = .03, p > .05), and relapse (F (3, 97) = .02, p >
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.05) at pre-test. The post-test was completed by 97 of the
108 participants present at pre-test.

Analysis of covariance was used to investigate
differences between groups. To use covariance analysis,
its assumptions were first examined and observed.
Analysis of ANCOVA showed significant reduction of
attention bias in the experimental groups compared to
the control group (F (3, 97) = 4.15, p < .05, n% = .11). The
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post-hoc test indicated significant reduction of attention
bias in both the combination group (M= 39.52, SD=43.81,
p < .05) and the ABM group (M= 40.46, SD= 43.43 p <
.05) compared to the control group (M= .88, SD= 52.9),
whereas there was no significant difference between the
AAT-T (M= 11.08, SD= 53.16) and control groups (o > .05).
Also, there was no significant differences between the
experimental groups. For the approach bias, the
experiment groups showed significantly greater reduction
compared to the control group (F (3, 97) = 4.75, p < .05,
n% = .13). In addition, the post-hoc test indicated
significant reduction in both the combination group (M=
80.96, SD= 111.68, p < .05) and the AAT-T group (M=
79.88, SD=110.77 p < .05) compared to the control group
(M= -.88, SD= 119.13), whereas the ABM group (M= -3.42,
SD= 110.11) showed no significant differences with the
control group (p > .05). Also, there were no significant
differences between the experimental groups. Relapse
showed significant differences between the combination
group (M= 47.24, SD= 40.2), AAT-T group (M= 58.13, SD=
40.31) and ABM group (M= 52.92, SD= 40.19) with control
group (F (3, 97) = 5.9, p < .05, n% = .16). However the
experimental groups did not demonstrate significant
improvements compared to each other.

Discussion

The present study compared cognitive bias in three
groups of attention bias and approach bias and the
relapse rate in three versions of cognitive bias
modifications (i.e., attention bias modification, approach
bias modification and their combination) and a control
group. The main findings can be summarized as follows:
1) Attention bias in the ABM group and combination
training group significantly reduced compared to the
AAT-T and control groups, but the AAT-T group was not
significantly different from the control group. 2) Approach
bias in the AAT-T group and combination training group
significantly reduced compared to the control group, but
the ABM group was not significantly different from the
other groups. 3) The reduction in the relapse rate in all of
the experimental conditions was significantly different
from the control group, but the experimental conditions
had no significant difference with each other.

The main finding of the present study was that the CBM
treatment may be an effective intervention for
methamphetamine abusers. Previous research have
investigated the effectiveness of CBM treatment on
alcoholic abusers [36, 66-68], smoker [69, 70], and
marijuana users [71]. The present study, in addition to
replicating the effects of CBM treatment both on
cognitive bias (i.e., attention bias and approach bias
towards MA-related stimuli) and outcome treatment (e.g.
relapse rate), indicated that these interventions were
useful for MA-abusers. The short term effects of CBM
treatment were observed as well.

Comparing the two types of reaction times, a negative
score was used to show faster approach-reaction time and
a positive score was used to show avoidance-reaction
time. It is indicated that patients learned to shift attention
and approach from MA-related cues to neutral cues. A
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reason could be the prevalence of cognitive deficits
among MA abusers [72]. In fact, MA affects dopamine
release [73] which plays a considerable role in cognitive
functions. Hence, MA abusers have significant cognitive
deficits that are strong predictors of poor clinical
outcomes and relapse. These attentional bias deficits
could be related to total reaction time which increased
due to inhibition and weakening of executive function
[74]. It means that these treatment programs could have
beneficial outcomes by modifying cognitive bias and
executive function recovery since the participants had to
perform the correct movement.

In the current study, the effects of a combination of
different CBM trainings was investigated. Findings of the
present study indicated no significant difference between
the variants of CBM training and their combination on
cognitive bias and relapse rate. Formerly, separate effects
of different versions of CBM have been investigated in
various samples of drug abusers except for
methamphetamine users [ 50]. In fact, one of main
hypotheses was not confirmed. We hypothesized that the
combination training group would have stronger
reductive effects on the cognitive bias and relapse rate
than the groups with only one of the CBM trainings. We
also hypothesized that the AAT-T group would have more
benefits than ABM group. However, results showed no
significant difference among different training conditions.
One plausible explanation can be that we used keyboard
instead of joystick in AAT. Furthermore, in the present
study, cognitive bias has been relatively stable among the
participants of the control group, while in the other
studies [31, 37], it has been claimed that the cognitive bias
reduced after any type of treatment.

The strength of this study is related to its region aspect.
The CBM training has been frequently carried out in
different countries, but it was the first time that AAT-T was
used in Farsi speaking participants. In addition, although
the effectiveness of ABM training was only demonstrated
in substance abusers [75] and smokers [76], it was
extended to MA users.

Methamphetamine abusers aim to use drugs, so they
are easily stimulated by drug stimuli; while participants
were asked to ignore the stimulus content and to respond
to the rotation of the stimuli (AAT-T) or the location of
probe on the screen (dot-probe). This shifts the
participants' goals to their motivation levels. As a result,
the person's motivational system was activated by
rotation of the stimuli and the location of probe.

The present study had a number of limitations. Most MA
abusers had multiple consumptions that made it difficult
to find a sample. Access to a female sample was also
difficult. The present study lasted for two months for each
participant, so we did not perform follow-up tests and
faced sample drop. There was a limitation about the time
duration of the combination group. We had to choose
one option for time challenge: between complete
treatment, but doubled time (15 min for each treatment)
or incomplete implementation, but like other groups’ time
(7.5 min for each treatment). As the first option was
selected, time duration of combination group was double

222



Ghaffari-Touran et al.

compared with other groups. As this was the first study
comparing different conditions of CBM as a treatment
tool among methamphetamine dependents, results need
to be replicated. It is suggested to replicate this study by
using joystick and among other drug abusers. Also, future
studies can execute this protocol with sham-training
groups.

Conclusion

In conclusion, our preliminary findings demonstrate that
AAT-T and ABM might be valuable instruments in the
treatment of methamphetamine dependents. Considering
the novelty, easy accessibility and economical efficiently
of time and professional resources, the present study is
recommended as a supplementary treatment program.
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