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ABSTRACT

Objectives: The modulation of the dorsolateral prefrontal cortex (DLPFC) activity enhanced
the prospects of substance use disorders rehabilitation, using non-invasive brain stimulation,
such as transcranial Direct Current Stimulation (tDCS).

Article info:
Received: 09 Jul 2019 :
Accepted: 15 Oct 2019 :  Methods: We carried out a randomized sham-controlled clinical trial to assess the effect of
Available Online: 01 Dec 2019 :  repeated tDCS at DLPFC on drug craving in 30 abstinent male methamphetamine users. The
:  participants underwent 5 sessions of 20 minutes bilateral real or sham 2 mA tDCS (anode right/
cathode left) of DLPFC. The Desire for Drug Questionnaire (DDQ) was used for assessing
instant craving. The cue-induced craving was rated on a Visual Analog Scale (VAS) after the
verbal induction of craving.

Keywords: i Results: The findings of this study indicated that cue-induced craving reduced significantly in
Transcranial Direct Current : tDCS related to sham (P<0.05), but tDCS did not significantly alter instant craving.
Stimulation, Methamphetamine  :  Discussion: The results indicated that repeated bilateral tDCS over DLPFC was not effective in
craving, Dorsolateral prefrontal @ reducing self-report instant craving, but reduced self-reported craving in the craving induction
cortex :  condition.
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Highlights
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1- tDSC over dorsolateral prefrontal cortex reduces cue-induce craving in patients with methamphetamine use dis-

order.

2- tDCS over dorsolateral prefrontal cortex has no effect on instant craving in patients with methamphetamine use

disorder.

Plain Language Summary

This clinical trial study performed to exam the effects of a neurotherapeutic intervention (tDSC) on drug craving in
patients with methamphetamine use disorder. The findings indicate that this intervention is effective in reducing cue
induced craving but has no effect on instant craving. this finding could be considered in prevention of relapsing in clini-
cal intervention of drug use disorders and future investigations in this field.

1. Introduction

1l over the world, methamphetamine use is

a serious threat to general health. Accord-

ing to the statistics released by the United

Nations Office on Drugs and Crime in

2015, about 37 million people throughout
the world were methamphetamine users. Amphetamine-
type stimulants are the most common abused substances
after cannabis and compared to other substance use dis-
orders, amphetamine use disorder constitutes a consider-
able piece of the global weight of disease [1]. The num-
ber of methamphetamine addicts and demand for the
treatment of methamphetamine-related conditions is in-
creasing in many parts of the world, including southwest
Asia [1]; however, no proper pharmacological treatment
has yet been approved by the Food and Drug Admin-
istration [2], and behavioral interventions, as the main
rehabilitation for these patients [3], have been successful
only to some extent [4].

The difficulty of methamphetamine use disorder treat-
ment is the high expectancy of relapse after abstinence
[5]. Relapse may even occur after long periods of absti-
nence and is often accelerated during a craving or when
drug-related cues are present [5, 6]. Drug craving is one
of the diagnostic criteria of substance use disorder ac-
cording to the Diagnostic and Statistical Manual of Men-
tal Disorders-Fifth Edition (DSM-5), and its reduction
is an indicator of the success of addiction treatment or
rehabilitation [7, 8].

Interconnected brain structures, such as the ventral
tegmental area, amygdala, dorsomedial striatum, and

Prefrontal Cortex (PFC) are largely involved in the
methamphetamine craving [9, 10]. The different parts
of the PFC have important roles in many cognitive pro-
cesses, including control of inhibition and craving [11,
12]. Brain imaging studies show PFC impairment and
its connection with response inhibition impairment in
methamphetamine users [13]. Among the PFC regions,
the Dorsolateral Prefrontal Cortex (DLPFC) is of spe-
cial importance because of its involvement in motiva-
tion, reward, and decision-making; its connection with
subcortical regions consists of stratum and cingulate
cortex [8]. The DLPFC appears to assume a substantial
job in the inhibition control through its connections with
other brain regions [14]. In addition, the modulation of
DLPFC activity using non-invasive brain stimulation
has been found to have significant effects on the craving
of patients with substance use disorder [15]. One of these
methods is the transcranial Direct Current Stimulation
(tDCS) that exerts a weak electrical current on the brain
using electrodes; this changes the polarization of the
nerve membrane, thereby changing its activity. “Anodal
stimulation increases cortical excitability, while cathodal
stimulation decreases it” [16].

The tDCS has emerged during the past several de-
cades as a successful method for reducing psychiatric
and neurological symptoms like depression, memory
problems, and addiction [17]. For example, recent stud-
ies have shown the effectiveness of anodal stimulation
of the right DLPFC in the reduction of craving for co-
caine [18], nicotine [19], and alcohol [20]. However,
only a few experimental studies have concentrated on
the effect of tDCS on methamphetamine craving [21].
In one of these studies, one session of anodal stimulation
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of the right DLPFC immediately reduced drug craving
in the rest condition but increased drug craving when
participants were shown methamphetamine-related im-
ages. While one case study with a patient with metham-
phetamine use disorder has shown the effectiveness of
repeated tDCS sessions with the same montage in con-
trolling psychological stress and drug craving, preceding
studies have shown that repeated stimulation can cause
stronger and longer impact of tDCS in the clinical ap-
plications [22, 23].

We aimed in the present clinical trial at examining the
effectiveness of repeated bilateral tDCS over DLPFC in
those with methamphetamine use disorder.

2. Methods

Participants: A total of 36 patients attending rehab cen-
ters in Tehran were selected according to the inclusion
and exclusion criteria, using a convenience sampling
method; the participants were randomly assigned into ac-
tive tDCS and sham tDCS groups. Of these 36 patients,
4 were excluded from the study because of drug use (see
the exclusion criteria) and 2 other left the sessions with-
out providing any reason; finally, 30 participants were
incorporated in the analysis. The inclusion criteria were
as follow: age 18 to 65 years old, male gender, metham-
phetamine use disorder based on the diagnostic criteria
of DSM-5 for at least 12 months before starting the treat-
ment, abstinence from any drug except cigarettes ap-
proved by multi-panel urine drug tests in the rehab cen-
ters for at least 1 week before starting the treatment, and
at least 20% drug craving when faced with two images

Figure 1. Intervention procedure
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that induced craving before starting the stimulation ses-
sions. The exclusion criteria were as follow: being under
treatment for another psychiatric disorder (other than
substance use disorders), being left-handed, having seri-
ous neurological disorder, taking any medication influ-
encing the central nervous system, having the history of
epilepsy, brain operation, tumors, intracranial implants,
and clinically considerable head injury [21]. Participants
continued their routine treatment, and no change was
made into their treatment programs.

The present study was carried on according to the ethi-
cal principles of the Declaration of Helsinki and was ap-
proved by the Ethics Committee of the University of
Social Welfare and Rehabilitation Sciences.

Study design: The present study is a random, double-
blind, experimental, sham-controlled research with pre-
test and posttest. Participants were randomly assigned to
active tDCS and sham tDCS groups. The electric stimu-
lation device was adjusted so that it provided active or
sham stimulation. Neither the researcher who utilized
the device to assess a patient’s craving nor the patient
knew if the stimulation was active or sham.

The sampling procedure had 4 stages, including the
recruitment of participants, pretest, intervention, and
posttest. These occurred in 5 separate individually-held
sessions.

At the pretest, the demographic information of the
participants was obtained, using the Basic Demograph-
ics and Substance Abuse Profile. Then, the participants
completed the Positive and Negative Affect Schedule

387
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(PANAS) and Desire for Drug Questionnaire (DDQ) and
were put under craving induction for their craving level
to be assessed; they showed their craving on a Visual
Analog Scale (VAS).

Immediately after the pretest, the intervention was
implemented. At the end of each session, the date of the
next session was determined. The sessions were held at
least 24 and at most 48 hours apart. In the final session,
just at the end of stimulation, the posttest was adminis-
tered. At the posttest, each patient was assessed, using
the PANAS, the DDQ, the craving induction task, and
the VAS, respectively (Figure 1).

DDQ: Is a self-report questionnaire developed by Fran-
ken et al., aimed at assessing instant craving for drugs
[24]. It has 14 items rated on a 7-point Likert-type scale
ranging from “thoroughly disagree” to “thoroughly
agree”. Using Cronbach’s alpha method, Franken et al.
reported the reliability of the total scale to be 0.85 [24].

The cue-induced craving: to assess induced craving,
each patient was asked to describe 3 previous situations
that had induced drug craving and led to drug use. They
were asked to specifically describe the situation that had
induced craving in them, and also their own emotional,
physiological, and behavioral responses in that situation.
At the same time, the researcher took notes from the pa-
tient’s words. The situation and the recorded responses
of the patient were, then, reviewed and the patients were
asked to imagine the situation and to show their craving
for methamphetamine on the VAS. In the present study,
the VAS was a 100 mm line that ranged from 0 (I ab-
solutely don’t have a craving) to 100 (It is the strangest
craving I have ever had). We, then, selected the situation
that involved the highest level of craving for the patient
and recorded the patient’s response to that situation. This
situation was used to induce craving at the posttest. Sinha
et al. have used an almost similar method to induce carv-
ing for alcohol [25]. Because this could increase drug
craving in the patients, they stayed in the treatment envi-
ronment for 1 hour after the imagery process; then, their
craving-related behaviors were examined by a skilled
psychologist in order to make sure the patient was not
intensely interested in drug use.

PANAS: This 20-item scale assesses two mood dimen-
sions, i.e. positive and negative affect [26]. It was used
in the present study to control participants’ effect. Each
subscale of the PANAS has 10 items and the items are
rated on a 5-point Liker-type scale ranging from 1 (very
low) to 5 (very high). Cronbach’s alphas of 0.88 and 0.71

Iranian [Ziehabilitation Blournal

have been reported for the positive and negative affect
scales, respectively.

Brain stimulation: a direct electric current was re-
leased, using a battery-driven simulator, and delivered to
the brain by tow 5x7 cm electrodes. In order to target the
DLPFC, the Anode electrode was connected to the F4
region, and the cathode electrode was connected to the
F3 region (that was 10/20 based on the electroencepha-
lography system). According to the previous studies
showing the effectiveness of repeated tDCS, the electric
current intensity was 2 mA, and the stimulation duration
was 20 minutes [17].

For the sham stimulation, electrodes with a similar
montage were placed on the patient’s head, but the simu-
lator was slowly deactivated after 20 seconds. Therefore,
the participants experienced itchiness at the start of stim-
ulation but did not receive any stimulation in the rest of
the session. This procedure helped in keeping subjects
blind to the receptive stimulation condition. There were
5 sessions for each group.

Statistical analysis: the data analysis was performed,
using SPSS v. 21. The 1-way Analysis of Covariance
(ANCOVA) was used to compare the two groups in
terms of induced craving and to remove the effect of the
pretest. The differential t-test was used to compare the
two groups in terms of instant craving and to remove
the effect of the pretest. Before performing the analysis,
we made sure that the participants were homogenized in
terms of possible confounder variables. For this purpose,
the Chi-square test was used to examine age, age at onset
of methamphetamine use, duration of methamphetamine
dependency, duration of drug abstinence, positive and
negative affect, and pretest scores; the Chi-square test
was used for the history of addiction to other drugs, and
the Man Whitney U test was used to compare the two
groups in terms of education and marital status.

3. Results

A total of 30 individuals were included in the present
study. Table 1 presents the demographic characteristics
of the participants. Table 2 presents information related
to drug use. According to these tables, the active and
sham tDCS groups are matched in terms of demographic
and substance-related characteristics. In addition, at the
pretest and posttest, the participants in the two groups
were not significantly different in terms of positive and
negative affect Table 2.
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Table 1. Demographic and substance-related characteristics of the participants in the sham and active tDCS groups

December 2019, Volume 17, Number 4

Variables Descriptions All Subjects Active Sham - P
Male 30 (100%) 15 (100) 15 (100)
Gender n (%) - -
Female 0 0 0
32.50 35.07 31.73 _
Age Mean1SD 027 1157 6.29 t=0.98 0.33
Guidance school 9 (30%) 5(33.3) 4(26.7)
High school 12 (40%) 4(26.7) 8(53.3)
Education n (%) U=103.5 0.71
Associate Degree 7 (23.3%) 5(33.3) 2(13.3)
Bachelor 2 (6.7%) 1(6.7) 1(6.7)
Single 15 (50%) 7 (46.7) 8(53.3)
Marital state Married 8(26.7%) 5(33.3) 3(20) U=101 0.65
Divorced 7 (23.4%) 3(20) 4(26.7)
26.20 28 24.40
Age at onset of methamphetamine use t=1.21 0.23
8.18 9.16 6.92
43.26 31.40 55.13
Days of methamphetamine abstinence MeanSD t=-1.13 0.26
57.46 25.56 76.70
. 5 4.7 5.06
Years of methag;r;f;stamme depen- =-0.38 0.70
2.58 2.58 2.65
Cigarette smoker participants 28 (93.33) 13 (86.6) 15 (100) X?=2.14 0.14
Participants W|tht2r:yop|um abuse his- 8(26.7) 5(33.3) 3(20) X?=0 68 0.40
Participants with a heroin abuse history 7 (23.3) 3(20) 4(26.7) X?=0.18 0.66
Participants W|tf}11_a Crack-heroin abuse 3(10) 3 (20) 0(0) X?=3.33 0.06
istory
Participants with a cannabis abuse n (%)
hi 10 (33.3) 5(33.3) 5(33.3) X2=0 1.00
istory
Participants wr:t.h an alcohol abuse 4(13.3) 2(13.3) 2(13.3) X2=0 1.00
istory
Participants with a cocaine abuse history 1(3.3) 0(0) 1(6.7) X?=1.03 0.30
Participants with a tramadol abuse 7(23.3) 4(26.7) 3(20) =7 6 0.66

history

Effect of repeated tDCS on cue-induced craving:

According to Levene’s test, the assumption of the
equality of variances of the two groups is met (F=0.14,
P>0.05). The ANCOVA also indicates that the ac-
tive tDCS has significantly decreased induced craving
(F=7.91, P<0.05) (Table 3).

Effect of repeated tDCS on instant craving: because the
assumptions for ANCOVA were not met, the differential

t-test was used to analyze the results. There was no sig-
nificant difference between active tDCS and sham tDCS
in terms of reducing instant craving (F=2.24, P>0.05)
(Table 4).

4. Discussion

The present study aimed at examining the effect of
repeated sessions of bilateral tDCS over DLPFC, us-
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Table 2. Positive and negative affect
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- - MeanSD t df P-value
Positive affect 35.60+8.78 -1.08 28 0.28
Pretest
Negative affect 32.56+8.71 1.29 28 0.20
Positive affect 36.26+8.67 -0.79 28 0.43
Posttest
Negative affect 27.20+9.03 0.60 28 0.55

Table 3. One-way ANCOVA analyzing the effectiveness of tDCS on drug craving in patients with a methamphetamine use

disorder
Source Type lll Sum of Squares df Mean Square F Sig. Partial Eta Squared
Intercept 0.006 1 0.006 0.000 0.997 0.001
Pretest 5329.954 1 5329.954 10.710 0.003 0.284
Study groups 3936.211 1 3936.211 7.910 0.009 0.227
Error 13436.713 27 497.656 - - -
Total 66975.000 30 - - - -

ing anodal stimulation of right hemisphere and cathodal
stimulation of the left hemisphere on methamphetamine
craving for the rehabilitation of abstinent-methamphet-
amine users. The results indicated that repeated bilateral
tDCS over DLPFC was not effective in reducing self-
report instant craving, but reduced self-reported craving
in the craving induction condition. In fact, even though
tDCS had no significant effect on the subjective feeling
of craving, it reduced methamphetamine craving in the
craving induction condition. The results of the study in-
dicate that craving induction to assess craving changes in
the short time provides a more accurate index of craving
because it faces the subject with a situation close to the
actual situation; but, craving assessment using the DDQ
relies more on the person’s subjective feelings. In an-
other clinical trial aimed at exploring the effect of tDCS
on methamphetamine craving, also different results were

found for the craving with and without induction [21].
The long-term or different forms of intervention may be
needed to change the subjective feeling of craving.

Although non-invasive brain stimulation methods,
including transcranial electrical stimulation and tran-
scranial magnetic stimulation, have been extensively
studied as new approaches to reduce craving and to
rehabilitate patients with substance-related disorders
[18], only one previous clinical trial has focused on the
effectiveness of tDCS in treating methamphetamine use
disorder; in this clinical trial, one session of one-sided
anodal stimulation of right DLPFC immediately re-
duced drug craving in the rest condition, but increased
craving when the participants were shown metham-
phetamine-related pictures [21]. The authors supposed
that the increase in craving observed in the induction

Table 4. Results of differential t-test for analyzing the effect of tDCS on drug craving in patients with a methamphetamine use

disorder
Levene’s Test t-test
- - MeantSD N
Variances F P t df P
Active -13.266+£12.89 15 Equal 2.24 0.146 -0.332 28 0.743
DDQ
Sham -11.601+14.57 15 Not equal - - -0.332 27.58 0.743
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condition may have been owing to sustained attention
and, in fact, better cognitive processing of craving-re-
lated pictures [21]. These results are not consistent with
the results of the study. This discrepancy might result
from the difference in the number of sessions or differ-
ent montages used by the two studies.

In the previous studies, one session of tDCS with the
same electrodes assortment as the one applied in the
present study (anodal stimulation of the right DLPFC
and cathodal stimulation of the left DLPFC) resulted in
the reduction of craving for alcohol, nicotine, marijuana,
and food [17]. In addition, 5 sessions with this montage
have led to an increase in abstinence time in 3-month
follow-up and suppression of craving for at least one
week in crack-cocaine users [18, 25]. In another study,
5 sessions of bilateral tDCS (right anodal/left cathodal)
reduced cigarette craving [19]. These findings were in
agreement with those of the present study in terms of
induced craving reduction.

We targeted DLPFC; therefore, the observed changes
must have happened because of a change in this region.
In fact, other studies targeting DLPFC have shown that
the modulation of this region is related to improvement
in the cognitive performance in clinical and general pop-
ulations and also mood changes in depressed patients
[27-29]. Clinical trials focused on the effects of non-
invasive techniques of brain stimulation on drug craving
indicate that in terms of craving reduction, there is no
significant difference between targeting the right or left
DLPFC, using the non-invasive brain stimulation; how-
ever, more craving suppression has been reported when
targeting the right DLPFC [15]. TDCS over the DLPFC
can modify decision-making processes that have similar
mechanisms to those of impulsivity in addiction [30].
Dunlop et al. believe that the positive effect of non-inva-
sive brain stimulation techniques on drug craving results
from improvement in the cognitive processes and reduc-
tion in the attentional bias toward drug-related cues [17].

Because of the ethical considerations, it was not pos-
sible in the present study to utilize craving induction
methods, using drug-related pictures. Craving induction
using drug-related pictures in residential rehab centers
involves less ethical restrictions because drug use is not
possible in these settings. Considering the difference be-
tween craving assessment methods that was found in the
present study, the future studies are suggested to use more
precise tools to induce craving, because if such a setting
is used, the craving induction method using pictures can
be employed; the attentional bias toward pictures can be
assessed, using more precise methods, including Evoked
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Response Potential. One of the limitations of this study
was that the follow-up procedure was not successful. Fu-
ture studies are suggested to have follow-up periods so
that the effect of the intervention on abstinence duration
can be assessed, and it can be determined whether the
effect of the intervention on craving reduction has been
maintained.

5. Conclusion

In this clinical trial, 5 sessions of bilateral tDCS over
DLPFC with the anodal stimulation of right hemisphere
and cathodal stimulation of left hemisphere reduced cue-
induced craving in abstinent-methamphetamine users
but had no significant effect on the subjective feeling of
craving in these patients.
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