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Introduction: Previous studies have shown that matrix, repetitive transcranial magnetic 
stimulation (rTMS), and cognitive modification treatments could create numerous 
psychological improvements in patients suffering from substance use disorders. Previous 
research has shown that other therapeutic interventions could be useful in managing stimulant 
abuse in addition to matrix treatment. The present study compared the effectiveness of matrix 
therapy, transcranial magnetic stimulation (TMS), and cognitive rehabilitation treatments in 
attention bias modification and craving reduction in amphetamine drug users.

Methods: This study was quasi-experimental with a pre-test-post-test and a 3-month follow-up 
design. Forty subjects taking amphetamine were selected by convenient sampling and were randomly 
divided into three groups: Matrix therapy, cognitive rehabilitation, and rTMS as intervention groups. 
There is also a control group (10 subjects in each group). The matrix group received 24 treatment 
sessions, 3 sessions per week, and the cognitive rehabilitation group received 15 treatment sessions 
(3 sessions per week). The group with rTMS treatment participated in 10 sessions every other day. 
Questionnaires and dot-probe tasks were performed as the cognitive software before and after the 
therapeutic interventions and one month after the interventions as a follow-up test.

Results: The results showed that the effect of time on craving assessment in three stages was 
significant in all study groups. In the experimental groups of matrix, rTMS, and cognitive 
rehabilitation, the effect of time on the severity of addiction dependence and attentional bias 
was significantly different in three stages. In the control group, the effect of time in three stages 
of assessment of addiction severity and attention bias was not significant. Also, there was a 
significant decrease in the mean craving in matrix, rTMS, and cognitive rehabilitation groups 
from pre-test to post-test and pre-test to follow-up stages. The mean addiction severity was 
significantly decreased from the pre-test to the post-test and from the pre-test to the follow-up 
stage in the Matrix, rTMS, and cognitive rehabilitation groups. 

Conclusion: The current study’s findings indicated that all three interventions effectively 
reduced amphetamine craving and attentional bias. All three approaches produced positive 
therapeutic outcomes. 

Article info:
Received: 04 Feb 2021
First Revision: 17 May 2021
Accepted: 24 Jul 2021
Available Online: 01 Nov 2024

Keywords:
Addiction, Amphetamine, 
Craving, Matrix, Cognitive 
rehabilitation, Transcranial 

Citation Esmaeili, S., Taremian, F., Rezaei, M., Vousooghi, N., & Mostafavi, H. (2024). Comparing the Efficacy of Matrix 
Therapy, Transcranial Magnetic Stimulation, and Cognitive Rehabilitation in Attention Bias Modification and Craving Re-
duction in Stimulant Drug Users. Basic and Clinical Neuroscience, 15(6), 807-818. http://dx.doi.org/10.32598/bcn.2021.3227.1

 http://dx.doi.org/10.32598/bcn.2021.3227.1

Use your device to scan 
and read the article online

A B S T R A C T

Copyright © 2024 The Author(s); 
This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-By-NC: https://creativecommons.org/licenses/by-nc/4.0/legalcode.en), 
which permits use, distribution, and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

http://bcn.iums.ac.ir/
https://orcid.org/0009-0000-8641-7445?lang=en
http://orcid.org/0000-0002-0736-2608
https://orcid.org/0000-0002-3568-1796
https://bcn.iums.ac.ir/
http://dx.doi.org/10.32598/bcn.2021.3227.1
https://crossmark.crossref.org/dialog/?doi=10.32598/bcn.2021.3227.1
http://bcn.iums.ac.ir/page/74/Open-Access-Policy
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en


Basic and Clinical

808

November & December 2024, Vol 15, No. 6

1. Introduction

ddiction is a recurrent and chronic brain 
disease. According to official UN statistics 
and the book of world report on drugs, ad-
diction and its consequences and complica-
tions accounted for 183000 deaths in 2012. 
It is estimated that 162 to 324 million people 
worldwide have used at least one type of ad-

dictive drug, such as hashish, opium derivatives, cocaine, 
or amphetamine. Reports from the UN Office on Crime 
and Materials indicate approximately 12.7 million inject-
able drug users worldwide. In 2015, according to a World 
Health Organization (WHO) report, the deaths resulting 
from drug addiction were calculated to be 450000 be-
tween 15-64 years old people (Ieong, 2013).

Addiction as a brain disorder can affect people differ-
ently due to the diverse nature of substances and how 
harmful they are (Vahabzadeh & Ghassemi Toussi, 
2016). So, the severity of addiction and its damages 
could vary depending on the abused substances. Craving 
is one of the psychological effects that drug consumers 
could experience and is one of the most critical issues in 
addiction treatment (Ieong, 2013; Sofuoglu et al., 2013). 
It is considered one of the main features of the substance-
using disorder in the fifth edition of the diagnostic and 
statistical manual of mental disorders (DSM-5). It can 
be the anticipant of recurrence and reusing phenomenon. 
Although various kinds of treatments have been sug-

gested for drug addiction, and one of the main goals of 
these therapies has been to reduce craving and relapse, 
still craving and relapse exist as the most important and 
common problems in the field of addiction treatment 
(Ieong, 2013; Sofuoglu et al., 2013). 

As for all types of drug abuse, craving is the leading 
cause of difficulties in the treatment of the users of stim-
ulants, including methamphetamine (Mutumba, 2021). 
Methamphetamine is a stimulant whose prevalence is 
5.2 times higher than other substances that have destruc-
tive effects on the central nervous system (Vahabzadeh 
& Ghassemi Toussi, 2016). Psychological dependence 
is high in methamphetamine users, so its treatment gets 
more complicated (Cruickshank & Dyer, 2009). The 
principal aim of treatments is to reduce craving and re-
lapse. The approaches include matrix therapy, cognitive 
rehabilitation techniques, and magnetic stimulation in-
terventions. 

Matrix therapy is an outpatient psychotherapy whose 
headlines are based on treating the psychiatric weak-
nesses of people who use stimulants. In psychotherapy 
sessions and individual counseling, one would believe in 
how drug consumption has created cognitive-behavioral 
problems (Eghbali et al., 2013; Hemmati Sabet et al., 
2015; Seid & Dolatyari, 2015).

Highlights 

● This study confirms the presence of intense cue-induced craving in response to drug use among methamphetamine 
addicts. 

● The mean addiction severity was significantly decreased in the Matrix, repetitive transcranial magnetic stimulation 
(rTMS), and cognitive rehabilitation groups.

● The effect of time on the severity of addiction dependence and attentional bias was significantly different in three 
stages.

Plain Language Summary 

We studied the efficacy of repetitive rTMS, matrix treatment, and cognitive modification in reducing stimulant 
cravings. Addiction as a brain disorder can affect people differently due to the various nature of substances and how 
harmful they are. So, the severity of addiction and its damages could vary depending on the abused substances. Although 
various kinds of treatments have been suggested for drug addiction, and one of the main goals of these therapies has 
been to reduce craving and relapse, still craving and relapse exist as the most important and common problems in the 
field of addiction treatment. Based on the study’s findings, Matrix, cognitive rehabilitation, and rTMS treatments could 
significantly reduce the craving for methamphetamine use and attenuate attentional bias among patients.

A
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In cognitive rehabilitation interventions, one of the 
common ways is to use computer software to improve 
cognitive performance in problem-solving, attention, 
memory, and information processing speed. Apparently, 
these functions are severely impaired in stimulant con-
sumers (Fals-Stewart & Lam, 2010; Ieong, 2013; Po-
tenza et al., 2011). 

Another approach in the treatment of methamphet-
amine dependence is to use magnetic stimulation in 
the brain. Repetitive transcranial magnetic stimulation 
(rTMS) is a noninvasive treatment intervention associat-
ed with the regular application of magnetic pulses. Vari-
ous studies have been done in this field; different brain 
areas have been stimulated. The most affected site is the 
lateral-dorsal cortex of the forehead. Of course, differ-
ent results have been obtained according to the stimu-
lated hemisphere (right or left) and the used frequencies  
(low frequencies, less than or equal to 1 Hz, versus high-
er frequencies, more than 1 Hz). Previous studies have 
shown the efficacy of these therapies in controlling crav-
ing and relapse (Bellamoli et al., 2014; De Sousa, 2013; 
Hone-Blanchet et al., 2015; Pirmoradi et al., 2013). 
rTMS is a new technique for treating neuropsychologi-
cal disorders that cause neurobiochemical changes in the 
brain, and it can lead to the release of neurotransmitters 
involved in craving reduction, such as dopamine (Eich-
hammer et al., 2003). 

Also, the consumption of drugs causes some neurologi-
cal harm and damage (Banjara, 2015). One is the nega-
tive effect on attention (van Hemel-Ruiter et al., 2016). 
It has been claimed that attentional bias is involved in 
addiction and plays a crucial role in sustaining drug use. 
Attention bias means one selectively focuses on a par-
ticular environmental stimulus while neglecting other 
stimuli. Research suggests a bias in drug users toward 
drug-related stimuli and cues. Mostly, but not always, 
attentional bias is related to one’s motivation and pur-
poseful behaviors. There are several ways to attenuate 
attention bias (Attwood et al., 2014; Barrouillet, 2011; 
Garland et al., 2012). One of these methods is the dot-
probe task. Evidence suggests that correcting attentional 
bias could help treat addiction and reduce drug tenden-
cies (Attwood et al., 2014; Barrouillet, 2011; Garland et 
al., 2012; Skjærvø, 2010).

Based on the above findings and the literature, these 
types of complementary therapies are expected to im-
prove the symptoms of addiction and reduce the likeli-
hood of recurrence and reuse. Thus, we can be optimis-
tic that both therapies prevent relapse in people with the 
disease. The benefits of treatment should be reflected in 

the individual and social life of the individual, and the 
burden of social and economic pressures should be re-
duced. Therefore, the main purpose of this study is to in-
vestigate the effectiveness of these treatments to achieve 
these goals. On the other hand, no study has compared 
the effectiveness of these three therapeutic interventions 
or assessed changes in dopamine receptor gene expres-
sion. The present study aimed to compare the effective-
ness of Matrix, rTMS, and cognitive rehabilitation in-
terventions in reducing craving and modifying attention 
bias in methamphetamine users. 

2. Materials and Methods 

Study participants

This study was quasi-experimental with a pre-test-
post-test and a 3-month follow-up design. The study 
participants were selected by convenient sampling 
from the clients of authorized drug addiction clinics in 
Tehran and Karaj cities, Iran, in 2019-2020. Forty-six 
participants were selected from outpatients addicted to 
methamphetamine diagnosed by a physician and or a 
psychologist based on standard clinical interviews. The 
number of participants in the study was selected accord-
ing to previous research and related literature (Hyman et 
al., 2008; Sousa, 2013). Thus, 36 subjects were recruited 
and equally and randomly divided into three experi-
mental groups: Matrix therapy, cognitive rehabilitation, 
and rTMS as intervention groups (12 subjects in each 
group). Ten other subjects were also recruited as a con-
trol group with no treatment. Six subjects (2 subjects in 
each group) were excluded from statistical analysis due 
to long absences, incomplete responses to scales, and 
not performing the software’s tests and evaluations. Fi-
nally, statistical analysis was performed on 40 subjects. 
The inclusion criteria were as follows: Being in the age 
range of 20 to 65 years, having a history of at least 1 
year of amphetamine use, having a high score on the 
craving scale, and having satisfaction with participating 
in research. The patients were not included in the study 
if they were treated with non-methadone medications 
(such as buprenorphine, opium tincture, or sedatives to 
control withdrawal symptoms), had any serious psychi-
atric disorder, previous participation in a similar inter-
vention program, and absence of more than two sessions 
from intervention therapies.

Participants were informed about the study’s aim and 
were instructed to sleep well and relax before each train-
ing session. We separately implemented the interven-
tional sessions in 24 sessions for the matrix group, 15 
sessions for the cognitive rehabilitation group, and 5 ses-
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sions for the rTMS candidates. We used some question-
naires as a pre-test, as demonstrated in the paragraphs 
below, and repeated them after the final training sessions 
as post-tests for all candidates.

Study instruments

All candidates were evaluated via paper- and comput-
er-based tests as the pre-test. In both experimental and 
control groups, the desire for drug questionnaire (DDQ) 
was used as a craving assessment test. The substance de-
pendence severity scale (SDSS) was completed to assess 
dependence, and dot-probe tasks (DPTs) were done to 
evaluate attention bias. 

The dDDQ 

The DDQ is used to measure instant craving. It includes 
three subscales: Drug use desire (7 questions), negative 
reinforcement (4 questions), and a distinguished control 
over drug use (3 questions). The range of subscales of 
the DDQ is from 1 to 10 (Deady, 2009; Franken et al., 
2002). Internal consistencies for each factor were report-
ed to be 0.81, 0.84, and 0.79, respectively (Franken et al., 
2002). Internal consistency of DDQ has been reported as 
acceptable in the Iranian population (Hassani-Abharian 
et al., 2016).

SDSS

The SDSS is a semi-structured interview questionnaire 
designed based on the DSM-IV and ICD-10 drug and al-
cohol dependence definitions that show the intensity and 
frequency of the dependence over the past 30 days. The 
questionnaire consists of 11 questions with a maximum 
score of 42 (Miele, 2000). The alpha coefficient was 
0.77, and the correlation between test and re-test results 
showed a high correlation coefficient (0.97), confirming 
its reliability. Construct validity was assessed by a cross-
check against the general health questionnaire and the 
results were in favor of its validity (Motlaq et al., 2009).

DPT

We used the DPT as a pre- and post-training assessment 
to measure attentional bias towards stimulants’ craving-
related cues. DPT is a computerized task in which two 
pictures appear concurrently at different locations on a 
computer screen. After the pictures or cues disappear, a 
dot appears on the monitor. Participants must respond to 
a feature of the probe as fast as possible. According to 
attentional bias to craving-related cues of the stimulant 
drug, the reaction to these cues is faster than that of neu-

tral pictures, which is vice versa in normal people. When 
subjects selectively pay more attention to the craving-re-
lated cues, they respond quicker than neutral ones (Begh 
et al., 2013; De Voogd et al., 2016; Lancee et al., 2017).

Study interventions

Matrix treatment

The matrix group received twenty-four 45-minute in-
tervention sessions (3 sessions per week). Their treat-
ment was based on a matrix pattern. Matrix is an out-
patient psychotherapy that has been introduced as a 
practical approach to treating stimulant users (Matrix 
Institute on Addictions, 2012).

Dot-probe task (DPT)

We used pictures instead of words as stimuli to make 
the test reasonable for patients from various educational 
backgrounds. For choosing the craving-related pictures 
of stimulant abuse, 100 craving-related pictures taken 
from the international affective picture system and pic-
ture collection of SINA Institute in Tehran were selected. 
The selected pictures were shown to 20 stimulant abus-
ers who were not included in the main study. The abus-
ers were said to select the most stimulant pictures based 
on the degree of craving they made. Then, we paired 40 
target pictures with neutral ones similar in composition, 
size, and color. Each trial began with a 500-ms black fix-
ation cross (8×8 mm) in a white screen center. Next, the 
fixation of two pictures, including a neutral one on one 
side and a stimulant one (craving-related picture) on the 
other side, was simultaneously presented for 1000 ms. 
After 1000 ms, the picture pair was randomly replaced 
with a target or dot (3 mm in diameter) either on the right 
or left side for 500 ms. In 50% of the trials, the target 
appeared in the presence of the neutral picture. The par-
ticipants were asked to indicate the dot’s direction by 
pressing the matching button on the computer keyboard. 
Participants were instructed that the dot would appear in 
one of the two pictures’ right or left locations and were 
required to pay attention to the pictures and dots and per-
form the task as quickly and correctly as possible. In this 
case, both speed and accuracy were considered as es-
sential factors. The task involved the participants in 160 
dot-probe trials because each of the 40 picture pairs was 
displayed four times. The distance of the participants’ 
eyes from the screen was 50 to 70 cm. The session lasted 
about 5-7 min (Begh et al., 2013; De Voogd et al., 2016; 
Lancee et al., 2017).
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Dot-probe attention bias modification training 

Dot-probe training was used as an intervention for the 
cognitive rehabilitation group. This training task engaged 
the participants in 480 dot-probe trials for each session. 
Each of the 40 picture pairs was presented 12 times (12 
×40). Among all trials, 90% of the targets appeared at the 
neutral picture position and 10% at the craving-related 
picture position (Hakamata et al., 2010). 

rTMS method 

The treatment protocol included 10 sessions for each 
subject, performed every other day. The dorsal-lateral 
area of the left prefrontal cortex was the site that was 
repeatedly stimulated by the coil at a frequency of 10 Hz. 
Each session’s duration was 8 minutes, and the protocol 
was set out at 5 seconds of rTMS at 1200 pulses in the 
area. The stimulation was then stopped for 15 s (Su et 
al., 2017).

Data analysis

Repeated-measures analysis of variance (ANOVA) 
was used to evaluate and compare the effectiveness of 
Matrix treatment, rTMS, and cognitive intervention in 
the pre-test, post-test, and follow-up states. The least sig-
nificant difference (LSD) post hoc test was used to com-
pare the pairwise time steps in the dependent variables. 
Furthermore, due to the eta coefficient’s limitations in 
estimating the therapeutic effects in three different time 
points and pairwise comparisons, Hedges’ effect size 
was used more accurately to estimate the effect size. The 
formula for estimating the effect size of Hedges is given 
below (Equation 1). Due to the lack of homogeneity of 
the studied groups in demographic variables of age, con-
sumption rate, and pre-test in the dependent variables, 
we used a one-way analysis of covariance (ANCOVA) to 
compare the effectiveness of different treatment methods 
in the dependent variables by controlling for the primary 
differences in pre-test craving, age, and consumption 
rate as covariance. P<0.05 were considered significant. 
Data were analyzed using SPSS software, version 23.

1. 

3. Results

The Mean±SD ages of the subjects were 38.5±6.4 
years in the Matrix treatment group, 31.8±5.22 years in 
the cognitive modification group, 31.6±6.02 years in the 
rTMS group, and 31.5±5.48 years in the control group. In 
terms of marital status, 10% were single, 80% married, 
and 10% divorced in the matrix treatment group; 30% 
single, 60% married, and 10% divorced in the cognitive 
modification group; 60% single, 20% married, and 20% 
divorced in rTMS subjects; and 40% single, 50% mar-
ried, and 10% divorced in the control group. The type 
of abused substance in all four groups was methamphet-
amine. The mean values of drug usage were 3.6 g/d in the 
matrix treatment group, 3.55 g/d in the cognitive modi-
fication treatment group, 4.05 g/d in the rTMS subjects, 
and 8 g/d in the control group. The chi-square test results 
showed no significant differences between the groups re-
garding their marital status (P>0.05). However, one-way 
ANOVA showed that the mean age of the matrix group 
was significantly higher than the cognitive modification, 
rTMS, and control groups (F=3.51, P=0.025). 

Table 1 presents Mean±SD, and repeated measure 
ANOVA results to evaluate the effectiveness of matrix 
therapy, rTMS, and cognitive modification in reducing 
craving, the severity of addiction dependence, and at-
tentional bias from pre-test to post-test and follow-up in 
each group.

As the primary assumption of repeated measurement, 
Mauchly’s test of sphericity showed that the spherical 
hypothesis for craving variables in the matrix treat-
ment group and cognitive modification treatment was 
not observed in the group’s addiction severity variable 
(P<0.05). Therefore, the Huynh-Feldt correction was 
used to interpret the assumption of homogeneity of the 
bias variances in the mentioned variables.

Repeated measure ANOVA results showed that the 
effect of time in the three stages of craving assessment 
was significant in all four studied groups (P<0.05). In 
the matrix, rTMS, and cognitive modification groups, 
treatment significantly affected the severity of addiction 
dependence and attentional bias in three assessment time 
points (P<0.05). In the control group, the effect of time 
in the three stages of assessing the severity of addiction 
and attention bias was not significant (P>0.05). The eta 
coefficient results for estimating the variation of depen-
dent variables by different treatment conditions are also 
reported in Table 1.
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LSD test results pairwise comparing the time steps 
showed a significant decrease in craving in matrix 
treatment, rTMS, and cognitive modification groups 
from pre-test to post-test and from pre-test to follow-up 
(P<0.01). In the control group, mean craving decreased 
significantly from pre-test to post-test (P<0.05). The 
mean severity of addiction decreased significantly from 
the pre-test to the post-test and from the pre-test to fol-
low-up in the Matrix, rTMS, and cognitive modification 
groups (P<0.01). In the rTMS group, the mean severity 
of addiction significantly decreased from post-treatment 
to follow-up (P=0.05). The mean attentional bias in the 
matrix treatment group was significantly increased from 
pre-test to post-treatment and from pre-test to follow-up 
(P<0.05) and significantly decreased from post-test to 
follow-up (P=0.006). In the rTMS, there was a signifi-
cant decrease in the time aspect of attentional bias from 
the post-test phase to follow-up (P=0.002). There was a 
significant increase from the pre-test to the post-test in 
the cognitive modification group and a significant de-
crease from the post-test to follow-up (P<0.05). 

Effect sizes of standardized gain were calculated to de-
termine the magnitude of changes during three assess-
ment time points (Table 2). Hedges reported an effect 

size of 0.2, 0.5, and 0.8 as small, medium, and large, 
respectively.

The results of ANOVA revealed a significant difference 
in the pre-test craving variable (P<0.01). Due to the lack 
of homogeneity of the groups of study in demographic 
variables of age and drug consumption as well as pre-test 
craving variable, to compare the effectiveness of Matrix 
therapy, rTMS, and cognitive modification in reducing 
craving, the severity of the addiction, and attentional 
bias, we used one-way intra-group analysis of covari-
ance (ANCOVA) to control for differences between 
groups in pre-test, craving, age, and consumption rate 
as covariates. Adjusted means and ANCOVA results are 
reported in Table 3.

The main assumptions of ANCOVA, including the rel-
ativity of scale of dependent variables, normality of vari-
ables distribution based on the Kolmogorov-Smirnov 
test in studied groups (P>0.05), homogeneity of vari-
ables’ variance in studied groups based on Levene’s test 
(P>0.05), implementation of pre-test before treatment, 
the linearity of correlation between the pre-treatment 
and independent variables (P<0.01) and homogeneity 
of regression slope in the dependent variables (P>0.05) 
were all observed in this study. The results of ANCOVA 

Table 1. Descriptive statistics and result of repeated measures analysis of variance for dependent variables

Measure and Group
Mean±SD Tests of Within-subjects Effects

Pre-test Post-test Follow-up F P Eta

Cr
av

in
g

Matrix treatment 72.2±27.77 46.7±17.46 40.1±24 12.57 0.003** 0.54

Cognitive 
modification 65.9±20.94 42.7±25.27 38.1±28.15 3.42 0.049* 0.27

rTMS 61.9±24.09 30.1±12.05 28.6±12.36 13.94 0.003** 0.61

Control 112.1±14.62 92±12.25 107.8±13.65 11.82 0.001** 0.57

Th
e 

se
ve

rit
y 

of
 a

dd
ic-

tio
n 

de
pe

nd
en

ce

Matrix treatment 25±3.01 15.2±5.18 15.4±8.5 17.21 <0.001*** 0.66

Cognitive 
modification 26±1.83 18.2±7 14.1±8.7 13.2 <0.001*** 0.6

rTMS 25.6±3.1 13.5±3.21 11.4±5.4 35.91 <0.001*** 0.8

Control 26.2±5.67 25.2±6.73 25.9±5.32 0.30 0.62 0.03

At
te

nt
io

n 
bi

as

Matrix treatment -199.1±196.24 238.3±173.03 -9.8±73.68 16.12 <0.001*** 0.64

Cognitive 
modification -28.1±179.11 92.5±213.38 -70.3±133.93 5.66 0.012* 0.39

rTMS -47.7±218.49 180±161.03 16.3±59.3 5.9 0.011* 0.4

Control -95.6±110.48 -213.9±173.4 -131.3±95.9 1.75 0.201 0.14

rTMS: Repetitive transcranial magnetic stimulation.�  

*P<0.05, **P<0.01, ***P<0.001.
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indicated that after controlling for the effects of pre-test, 
age, and consumption rate as covariates, there was a sig-
nificant difference between the means of the dependent 
variables in the study groups in both the post-test and fol-
low-up stages (P<0.05). LSD test results by the pairwise 
comparison of groups revealed no significant difference 
between the three groups regarding the Matrix, rTMS, 
and cognitive modification treatment in the dependent 
variables in the post-test and follow-up (P>0.05). The 

mean value of craving, the severity of addiction depen-
dence, and attentional bias were significantly decreased 
in Matrix, rTMS, and cognitive modification groups 
than the control group in the post-test and follow-up 
phases (P<0.01). The eta coefficient results are reported 
in Table 3 to estimate the dependent variables’ variation 
by the differences in the studied groups. 

Table 2. Within-group effects on self-report measures for groups at each assessment

Measure and Group Pre-test to Post-test Pre-test to Follow-up Post-test to Follow-up

Craving

Matrix treatment 1.12 1.23 0.31

Cognitive modification 1 1.12 0.17

rTMS 1.62 1.74 0.12

Control 1.49 0.3 -1.22

The severity 
of addiction 
dependence

Matrix treatment 2.36 1.54 -0.03

Cognitive modification 1.52 1.89 0.52

rTMS 3.83 3.22 0.47

Control 0.16 0.05 -0.11

Attention 
bias

Matrix treatment -2.31 -1.28 1.79

Cognitive modification -0.63 0.22 0.79

rTMS -1.19 -0.4 1.35

Control 0.81 0.34 -0.59

rTMS: Repetitive transcranial magnetic stimulation.�  

Table 3. Descriptive statistics and ANCOVA of the dependent variables

Stage Dependent Vari-
ables

Adjusted Means
Tests of

Between-subjects 
Effects

Mean±SD

F P EtaMatrix Treat-
ment

Cognitive 
Modification rTMS Control Group

Post-test

Craving 47.27±6.47 46.63±6.34 37.73±6.34 82.87±9.55 4.53 0.009 0.29

The severity of addic-
tion dependence 15.24±2 18.02±1.85 13.6±1.81 25.23±2.23 5.44 0.004 0.33

Attention bias 249.65±68.95 85.25±62.82 172.43±61.08 -210.44±75.02 6.6 0.001 0.37

Follow-
up

Craving 34.44±7.46 40.65±7.31 31.24±7.31 108.28±11.01 9.45 <0.001 0.46

The severity of addic-
tion dependence 14.58±2.38 15.31±2.2 12.64±2.15 24.26±2.64 3.7 0.021 0.25

Attention bias 5.85±34.66 -84.35±31.57 6.45±30.7 -123.05±33.71 3.5 0.026 0.241

rTMS: Repetitive transcranial magnetic stimulation.�  
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4. Discussion

The purpose of this study was to compare the efficacy 
of matrix therapy, rTMS, and cognitive modification 
in reducing the craving for stimulants. The effects of 
the matrix treatment model on amphetamine users and 
their craving symptoms have been studied previously. 
Mohammadi and Kargar Shaker, (2018) stated that 12 
Matrix sessions once a week reduced methamphetamine 
craving and increased hardiness and psychological well-
being in methamphetamine-dependent abusers. Hemma-
ti et al. (2015) showed that this treatment could reduce 
methamphetamine consumption and decrease anxiety. 
Eghbali et al. (2013) also demonstrated that Matrix treat-
ment could increase methadone maintenance therapy’s 
efficacy and reduce relapse in addicted subjects. Both 
studies’ results align with the data we found in the pres-
ent research.

The effects of TMS on decreasing craving and atten-
tional bias were significant during treatment and fol-
low-up. These findings regarding craving decrease are 
consistent with a previous study showing a significant 
craving decrease after rTMS treatment in the lateral-
dorsal region of the cortex (Luigjes et al., 2019; Su et 
al., 2020). This finding was also observed years later by 
studying methamphetamine users (Rostami et al., 2013). 
The rTMS has also been investigated in alcohol abusers, 
and it was found that cognitive performance improved 
during the executive control task, and commission error 
decreased. This treatment was performed in a single ses-
sion in the right hemisphere’s lateral-dorsal part of the 
prefrontal cortex (Herremans et al., 2013). In another 
study conducted by Rostami and colleagues, (2013), 
it was shown that rTMS in methamphetamine abusers 
could reduce craving. Twenty subjects participated in 
the mentioned study. The treatment was performed in 
the right hemisphere in the lateral-dorsal part of the pre-
frontal cortex with 10 Hz and the left hemisphere in the 
same site with 1 Hz for 20 sessions (30 minutes each 
time). The results of the mentioned studies are in line 
with our research.

Cognitive modification therapy is a general term en-
compassing various techniques and methods to reha-
bilitate and modify neurological skills (Bowirrat et al., 
2012; Campanella, 2016). It can benefit from using 
computerized exercises. This tool was first performed on 
alcohol abusers, called the alcohol avoidance method. 
It was found that people who performed the exercises 
had a lower recurrence rate than the control group after 
a 1-year follow-up. The study involved 509 subjects re-
ceiving cognitive-behavioral treatment. Before and after 

the treatment with the alcohol avoidance approach, the 
unconscious attention approach was measured. Half of 
the participants were enrolled in the experimental group, 
and half were in the control group. A significant decrease 
in recurrence was observed in the experimental group 
after one year of follow-up (Bickel et al., 2014).

A recent approach for the treatment and rehabilitation 
of substance dependents is a paper and pencil cognitive 
rehabilitation package called NECOREDA (neurocogni-
tive rehabilitation for disease of addiction), which targets 
cognitive impairments and patients’ educational needs. 
The pilot study was carried out on 10 opiate- and meth-
amphetamine-dependent patients for three months on an 
outpatient basis. The NECOREDA method included a 
series of brain exercises and tasks called “brain gym” 
and psycho-learning frameworks called “brain treasures” 
conducted in 16 training sessions followed by 16 review 
sessions. Due to the importance of attention disorders 
in these patients, 11 stages of training were focused 
on different types of attention, such as fixed and selec-
tive attention, split attention, and attention shift. It was 
found that this cognitive treatment method significantly 
affected the quality of the patients’ lives and effectively 
healed the patients and avoided substances (Rezapour et 
al., 2015). The results of this study are in line with the 
findings of our research. 

Fals-Stewart & Lam (2010) evaluated cognitive modi-
fication’s relative efficacy as a treatment for substance 
misuse. They selected 160 adults with substance misuse 
problems included in the 12-step treatment plan. They 
were then randomly divided into two groups. One group 
received standard treatment with computer-assisted 
typing tutorial (CATT) computerized cognitive modi-
fication (a program designed to improve cognitive per-
formance in problem-solving, attention, memory, and in-
formation processing speed). The second group received 
an equally intensive attention control condition consist-
ing of standard treatment with computer-assisted typing 
training (CATT). Both groups participated in 3 sessions 
of 50-minute weekly cognitive modification. Cognitive 
assessments were made at baseline, during, and immedi-
ately after the intervention, and at 3, 6, 9, and 12 months 
of follow-up. The results showed that those participating 
in the CACR program had a higher participation treat-
ment index than the CATT group. They also had a higher 
commitment to treatment, with longer days remaining 
(129 days vs 109 days). Also, they completed the treat-
ment more than the control group (55% vs 38%). One 
year later, the CACR group showed a marked improve-
ment in assessments related to substance use and its 
problems, legal issues, and social-family relationships. 
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They also spent more than 12 months without alcohol 
and drugs (71% vs 54%) (Fals-Stewart & Lam, 2010).

The present study used the DPT and the dot-probe 
training to evaluate the attentional bias to drug cues and 
modify this bias toward neutral stimuli for craving re-
duction. Attentional bias toward drug-related cues is the 
central cognitive aspect of addiction, which increases the 
impulse desire for drug use. There is considerable evi-
dence to support this kind of cognitive bias in addicted 
individuals. A previous study found a significant differ-
ence in response rate to stimuli between heroin users and 
control individuals in terms of the accuracy of their reac-
tion when responding to the dot-probe task (Nejati et al., 
2014). The results of this study were in line with current 
research findings. In 2008, a dot-probe test conducted by 
Garousi et al. (2008) indicated a relationship between the 
duration of drug use and drug withdrawal and attention 
bias to the stimuli related to the words presented during 
the speech for a thousandth of a second such that with 
the increase in the duration of use, opioid addicts were 
more attentive to bias, and their reaction time was lon-
ger. Also, with increasing the duration of abandonment 
in individuals who have quit the drug, attention bias de-
creased, and their reaction time was shorter than that of 
the opioid-dependent group. The results of these studies 
are also in line with current research data.

Overall, it can be concluded that individuals involved 
in cognitive rehabilitation exercises participate more 
deeply in treatment, have more treatment reliability, and 
complete treatment programs better. Because of these ef-
fects, in a 1-year follow-up, they showed better results. 
Improvements may also be observed in areas related to 
one’s life.

In a randomized controlled experimental study on alco-
holic addicts, the individuals were trained in 5 sessions 
to disengage attention from alcohol-related stimuli (at-
tention bias modification [ABM] condition). The control 
group was trained on an irrelevant reaction-time (control 
condition) test. They measured the effects of ABM on 
the visual probe task. The desires for alcohol question-
naire (similar to DDQ) was employed to assess the level 
of craving. The follow-up data were collected up to three 
months after the treatment to evaluate the treatment’s 
overall effects and relapse times. The results illustrated 
that ABM effectively enabled the participants to avoid 
alcohol-related cues (Eberl et al., 2013).

Using the addiction severity questionnaire, we found 
in the present study that therapeutic approaches signifi-
cantly reduced the severity of the addiction. Although 

data regarding the relationship between the severity of 
dependence and craving are limited, the current study 
found that treatments significantly reduced both the se-
verity of dependence and craving. Therefore, these two 
features can be considered closely related.

In summary, there was no significant difference between 
the three groups in Matrix, rTMS, and cognitive rehabili-
tation treatment in the dependent variables at the post-test 
and follow-up stages. The mean craving, the severity of 
addiction dependence, and attentional bias were signifi-
cantly decreased in the three groups compared to the con-
trol subjects in both the post-test and follow-up phases.

Based on this study’s findings, Matrix, cognitive reha-
bilitation, and rTMS treatments could significantly reduce 
the craving for methamphetamine use and attenuate atten-
tional bias among patients from pre-test to post-test and 
follow-up. The findings of this study should be interpreted 
with great care. Although the researchers have attempted 
to control the situation as much as possible, it is difficult 
to control all the conditions regarding psychological treat-
ment in all human subjects. Further studies are warranted 
while addressing the limitations of this study.

There are different kinds of cognitive rehabilitation 
training. We recommend comparing the ABM method 
with cognitive rehabilitation approaches such as Cap-
tains Log, online attentional bias modification, and 
NECOREDA. However, further studies are needed to il-
luminate the nature of cue-reactivity differences among 
those dependent on stimulant drugs such as metham-
phetamine. This study confirms the presence of intense 
cue-induced craving in response to drug use among 
methamphetamine addicts. 

One of the limitations of this study was finding people 
who were only users of stimulant drugs because most peo-
ple were multi-drug abusers. On the other hand, because 
they did not receive any medication to treat their addictive 
illness, there was an urgent need for continuous follow-up 
in the research process. Also, the lack of medication re-
duced subjects’ motivation to participate in the study.

In addition, the present study compared the effective-
ness of treatments among male groups. Future research-
ers are suggested to compare the effects among female 
patients as well. Also, this study only used a 1-month fol-
low-up. It would be more reliable to follow participants’ 
improvements in a more extended period, such as 6-12 
months, and regularly track treatment effects. Further re-
search could gather more data using more participants 
and more behavioral data. 
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