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ABSTRACT
Background: Background and objectives: Craving is the main symptom of addiction that is accompanied 

by dependence and relapse. The present study was aimed to compare the effectiveness of combined Transcranial 
Direct-Current Stimulation (tDCS) and emotion regulation training with that of separate tDCS and emotion 
regulation training in reducing current drug craving and thoughts and fantasies about drug use.

Methods and instruments: This was a quasi-experimental study with a pretest-posttest design and three 
intervention groups. The statistical population included all patients dependent on opioids in medium-term 
residential drug rehabilitation centers in Zahedan, Iran, in 2018-2019. From eight randomly selected centers, 
a total of 54 patients were selected based on inclusion and exclusion criteria, and randomly divided into three 
intervention groups. Data were gathered using the Personal Drug Use Questionnaire, Desires for Drug 
Questionnaire (DDQ), and Drug Use Thoughts, Fantasies, and Temptations Questionnaire. All analyses 
were performed using SPSS-16.
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INTRODUCTION

Craving is the main symptom of ad-
diction and an important diagnostic 
factor in the definition of drug abuse 
disorder in the Diagnostic and Sta-
tistical Manual of Mental Disor- 

ders (1). Cra ving as a construct refers to conti-
nuing to use drugs despite the negative conse-
quences (2, 3).

Based on the important role of craving in ad-
diction relapse, it has been the focus of different 
previous studies. Emotion regulation and the re-
lated techniques had a significant role in psycho-
logical interventions aimed at reducing drug 
craving (2, 4-6).

Poor emotion regulation is regarded as an im-
portant factor in drug relapse (7-9). Therefore, 
emotion regulation training can lead to higher use 
of reappraisal in overcoming drug abuse that is 
more effective than the negative emotion regu la-
tion strategies, i.e., acceptance or suppression (2).

Through improving the ability to handle ne-
gative and positive emotions, emotion regulation 
training can control most of the triggers of drug 
craving and reduce relapse (6). As a result, emo-
tion regulation training leads to the modification 
of maladaptive emotion regulation strategies and 
negative emotions, and can provide an opportu-
nity for direct or indirect reduction of drug cra-
vings through the effective management of emo-
tions (5).

Recently, some studies have focused on the 
effectiveness of Transcranial Direct-Current 
Stimu lation (tDCS) in reducing cravings through 
changing the activity of the prefrontal 
cortex (10, 11). tDCS is a technique in which a 
continued and low electric current is delivered 
to the scalp. It is a non-invasive method for brain 
stimulation that is useful in modulation of corti-
cal arousal and directing the human behavior 

and perception (12). tDCS, in fact, leads to re-
duction in drug cravings through inducing chan-
ges in dopaminergic neurotransmission in the 
brain and reducing cortical arousal (13). In addi-
tion, tDCS reduces drug craving through influ-
encing the DLPFC area of the prefrontal 
cortex (14). 

Although emotion regulation training and 
tDCS both can significantly reduce drug craving, 
research shows that addiction is very similar to 
other chronic disorders, and that it is very diffi-
cult to change the behaviors that force a patient 
to use drugs; therefore, combination therapy is 
considered an important method for relapse pre-
vention in drug abuse (6). At the same time, al-
though the anodal stimulation of the DLPFC area 
using the tDCS reduces craving, this reduction is 
only temporary, which can be due to a lack of 
insight or attentional biases toward symptoms of 
craving or may even increase the symptoms of 
craving (15).

Combination therapy for addiction can in-
crease flexibility in the clients, improve their 
emotion regulation skills, and prevent relapses. 
Combining tDCS with other psychotherapies can 
lead to better therapeutic effects. In fact, the in-
teractive effect of tDCS and cognitive interven-
tion can improve the overall therapeutic re-
sults (16, 17).

Combination therapy can influence the spe-
cific symptoms of addiction. This is due to dif-
ferent combinations of therapies that improve 
the therapeutic effects through different mecha-
nisms (18, 19).

Therefore, the goal of the present study is to 
answer the following question: is combined 
tDCS and emotion regulation training is more ef-
fective than each of these therapies separately in 
reducing current drug carving and thoughts and 
fantasies about drug use in opioid-dependent 
patients? q

Transcranial DirecT-currenT sTimulaTion anD emoTion regulaTion Training

Results: The Kruskal-Wallis test indicated significant differences between the three intervention groups 
in current drug craving and thoughts and fantasies about drug use (P ≤.001). In addition, examination of 
the mean rank showed that t significant decrease was higher for the combined tDCS and emotion regulation 
training group.

Conclusion: Addiction is very similar to other chronic disorders. Therefore, combined (integrated) therapies 
can have a very important role in treating addiction, especially in relapse prevention.
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METHODS

According to the study objective, “Examina-
tion of the Effectiveness of Combined Trans-

cranial Direct-Current Stimulation (tDCS) and 
Emotion Regulation Training in Reducing Cur-
rent Drug Craving and Thoughts and Fantasies 
about Drug Use in Patients Dependent on 
Opioids”, a quasi-experimental design with 

pretest-post test and three intervention groups 
was selected. The statistical population included 
all opioid-dependent patients in medium-term 
residential drug rehabilitation centers in Zahe-
dan, Iran, in 2018-2019, who were treated in a 
two-month program. Among eight rehabilitation 
centers, eight centers were randomly selected. 
Then, A total of 54 patients were selected form 
these centers, using a purposeful sampling me-

Transcranial DirecT-currenT sTimulaTion anD emoTion regulaTion Training

TABLE 1. Summary of the contents of cognitive regulation training sessions based on  
Berking’s model (2014)
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thod and based on the inclusion and exclusion 
criteria, and randomly divided into three inter-
vention groups. Each group consisted of 18 pa-
tients dependent on opioids. In the first group, 
subjects received eight sessions of combined 
tDCS and emotion regulation training; the emo-
tion regulation training was based on the 
Berking’s model (2014). In the second group, 
patients received eight sessions of tDCS. In the 
third group, subjects received eight sessions of 
emotion regulation training based on the 
Berking’s model (2014). Overall, 10 subjects left 
during the course of study.

The tDCS was applied using a battery-po-
wered electrical stimulator and a pair of elec-
trodes (5×7 cm) at 2-mA intensity. In order to 
target the DLPFC, the anodal electrode was 
placed on the F4 region and the cathodal elec-
trode was placed on the F3 region (determined 
based on the 10-20 System of Electrode Place-
ment). The stimulation was provided for 45 mi-
nutes with a 30s rise and fall time with Neuro-
stim2. Devices were provided by Medina Teb 
company (www.medinateb.com).

The desires for drug questionnaire (DDQ) has 
been designed to assess current drug craving. It 
was first designed to assess heroin dependence, 
but it was later used to assess dependence on 
other drugs too. The DDQ items are rated on a 
seven-point Likert-type scale ranging from 1 (to-
tally disagree) to 7 (totally agree). Franken et al. 
reported a Cronbach’s alpha of .85 for the total 
questionnaire, and alphas of .77, .80, and .75 for 
its subscales, respectively (20). In the present 
study, an alpha of .73 was found for the total 
questionnaire.

The drug use thoughts, fantasies, and tempta-
tions questionnaire was developed by Fadardi, 
Barerfan, and Ziaei in 2008 (21). It has 20 items 
designed to assess thoughts, fantasies, and temp-
tations about drugs, which are rated on a 
six-point Likert-type scale ranging from 0 (totally 
true) to 5 (totally untrue). The questionnaire reli-
ability using the Cronbach’s alpha coefficient has 
been found to be .94. The questionnaire validity 
was assessed by correlating it with the situational 
confidence questionnaire (SCQ) developed by 
Annis and Graham (r=.53, p=.001) (22), the 
Mental Desire Scale (r=.48, p=.001), and the 
Positive and Negative Affect Schedule (PANAS) 
developed by Watson, Clark, and Tellegen in 
1988 (23); the direction and magnitude of cor-
relations indicated the questionnaire validity 
(21). In the present study, a Cronbach’s alpha of 
.80 was found for the total questionnaire.

At the beginning of the study, the informed 
consent for completing the instruments and par-
ticipating in the scheduled sessions was obtained 
from all participants. q 

RESULTS

The mean age of participants was 29.93 years 
(SD=4.96). The youngest participant was 

20 years old and the oldest 40. In terms of mari-
tal status, 18 (41.9%) participants were married 
and 25 (41.9%) single. In terms of education, 31 
(72.1%) participants had a high school diploma, 
seven (16.3%) an associate degree, and five 
(11.6%) a bachelor’s degree. In terms of the type 
of abused opioid, seven (16.3%) participants 
used hashish, 18 (41.9%) opium, 2 (4.7%) hero-

Transcranial DirecT-currenT sTimulaTion anD emoTion regulaTion Training

TABLE 2. Skewness 
and kurtosis values for 
the study variables
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in, 7 (16.3%) shire, and 9 (20.9%) a combination 
of opioids. In terms of method of use, 25 (58.1%) 
participants smoked the drug, three (7%) injec-
ted it, eight (18.6%) took the drug orally, and 
seven (16.3%) used a combination of methods. 
In terms of the reason for drug use, 15 (34.9%) 
participants mentioned curiosity, five (11.6%) fa-
tigue, 13 (30.2%) recreation, five (11.6%) life 
problems, and five (11.6%) psychological prob-
lems.

Skewness and kurtosis were calculated to as-
sess the normality of data distribution, and re-
sults are summarized in Table 2.

According to results provided in Table 2, the 
skewness and kurtosis values for all variables 
range from -2 to +2, indicating a normal distri-
bution of data.

The means and standard deviations of pretest 
and posttest scores for current drug craving and 
thoughts and fantasies about drug use in opi- 
o id-dependent patients are presented in Table 3.

According to the results presented in Table 3, 
the pretest mean score of current drug craving is 
53.40 (SD=9.54), 47.21 (SD=10.72), and 46.64 
(SD=10.96) for the combined tDCS and emo-
tion regulation training group, tDCS group, and 
emotion regulation training group, respectively, 

while the posttest mean score of current drug 
craving is 28.53 (SD=6.11), 42.71 (SD=14.43), 
and 36.42 (SD=13.51) for each of the three 
groups, respectively. Therefore, the combined 
tDCS and emotion regulation training group had 
a higher decrease in the mean posttest score of 
current drug craving than the two other groups.

Table 4 shows the means and standard devia-
tions of thoughts and fantasies about drug use at 
pretest and posttest for opioid-dependent pa-
tients.

According to the results presented in Table 4, 
the pretest mean score of thoughts and fantasies 
about drug use is 61.26 (SD=18.87), 59.85 
(SD=13.21), and 65.64 (SD=15.95) for the 
combined tDCS and emotion regulation training 
group, tDCS group, and emotion regulation 
training group, respectively, while the posttest 

Transcranial DirecT-currenT sTimulaTion anD emoTion regulaTion Training

TABLE 3. Means and standard deviations of pretest and posttest scores for current drug craving 
in the three groups (combined therapy, tDCS, and emotion regulation training)

TABLE 4. Means and standard deviations of thoughts and fantasies about drug use at pretest and 
posttest for the three study groups (the combined tDCS and emotion regulation training group,  
tDCS group, and emotion regulation training group)

TABLE 5. Results of Box’s M 
test for homogeneity of 
variance-covariance matrices
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mean score of thoughts and fantasies about drug 
use is 35.46 (SD=14.79), 48.14 (SD=15.26), 
and 46.71 (SD=12.03) for each of the three 
groups, respectively. Therefore, the combined 
tDCS and emotion regulation training group had 
a higher decrease in the mean posttest score of 
thoughts and fantasies about drug use than the 
two other groups.

Given that a pretest-posttest design was used, 
and that we aimed to compare the means of se-
veral groups influenced by the independent vari-
able and control the effects of intervening vari-
ables, we needed to use covariance analysis. 
Before conducting the multivariate covariance 
analysis, the assumption of homogeneity of vari-
ance and covariance should be tested. This as-

sumption was tested using the Box’s M test. Re-
sults are presented in Table 5.

As shown in Table 5, the Box’s M test is sig-
nificant (P ≥.05), indicating that the equal vari-
ances assumption is violated; therefore, we used 
a nonparametric test (the Kruskal–Wallis test) in-
stead of multivariate covariance. Results are pre-
sented in Tables 6 and 7.

Table 6 shows the mean ranks of current drug 
craving and thoughts and fantasies about drug 
use scores for the three groups. The highest 
mean rank of current drug craving is for the tDCS 
group, and the lowest mean rank for the com-
bined group.

According to the results presented in Table 7, 
significant differences were found between the 
three groups in current drug craving (Chi square 
= 9.82, p ≤ .001, df = 2) and thoughts and fan
tasies about drug use (Chi square = 6.37, p ≤ .001, 
df = 2). In addition, comparison of the mean 
ranks shows that the significant decrease is high-
er for the combined tDCS and emotion regula-
tion training group than the two other groups. q 

DISCUSSION AND CONCLUSION

The goal of the present study was to examine 
the effectiveness of a combined Transcranial 

Direct-Current Stimulation (tDCS) and emotion 
regulation training intervention in reducing cur-
rent drug craving and thoughts and fantasies 
about drug use among patients dependent on 

TABLE 6. Mean ranks of current drug craving and thoughts and fantasies about drug use 
scores for the three groups

TABLE 7. Results of the Kruskal–Wallis test in terms of the 
effectiveness of combined therapy, tDCS, and emotion regulation 
training in reducing drug use thoughts and fantasies
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opioids. The results showed that combined tDCS 
and emotion regulation training was more effec-
tive than each intervention separately in redu-
cing current drug craving and thoughts and fan-
tasies about drug use. This finding is in line with 
those of Powers et al (2018), Brunoni et al (2014), 
Ditye et al (2012) ((17-19), and Bajbouj et al 
(2017) (24).

McElrath and Joseph (2009) emphasized that 
today addiction was an important health issue, 
and the current treatments for it, including de-
toxification or psychological and pharmacologi-
cal therapies, were hardly leading to stable re-
sults due to strong cravings related to drug use; 
therefore, this problem required integrated the-
rapies (25). In addition, Brunoni et al concluded, 
in 2014, that combining different therapies 
could influence specific symptoms of addiction. 
They also maintained that the therapeutic effects 
of combination therapy were due to different 
mechanisms that improved overall therapeutic 
results (18). Moreover, Ditye et al maintained 
that, by combining different therapies, more ses-
sions could be designed for patients, which 
could increase the chance of having long-term 
therapeutic effects (19).

Combination therapy through combining 
psychological and neuroscience interventions 
can significantly improve emotion regulation 
skills and flexibility of drug-dependent patients. 
In addition, this therapeutic path can lead to a 
greater recovery and fewer relapses in patients 
with substance abuse disorder (26).

Combination therapy approach to treating 
addiction considers it as a biological and beha-
vioral disorder. On the other hand, experience 
has revealed that addiction results from an inter-
action between biological predisposition, life ex-
periences, and environmental factors (27).

In addition, the biopsychosocial model of ad-
diction more clearly shows the importance of 
combination therapy. This model indicates that 
biological, psychological, and sociocultural fac-
tors have a role in drug abuse, and therefore, 
they should be all considered in prevention and 
treatment approaches. This model was intro-
duced as a response to the individual-biological 
model of addiction. In the traditional model of 
addiction, that was more supported by medical 
scientists, addiction was often regarded as a re-

current disease with a biological and genetic eti-
ology (28).

Complementary or integrated therapies for 
addiction increase therapy cost-effectiveness, 
making it more likely that patients continue the 
treatment and learn the networking skills neces-
sary for long-term recovery (25). However, 
one-dimensional therapies often cannot treat 
addiction adequately, and many experts in this 
domain support the integration of different the-
rapeutic elements to treat addiction. q

CONCLUSION

Combination therapy for addiction can im-
prove interdisciplinary cooperation, so that 

integrated therapies could be designed for ad-
diction using knowledge from different domains 
of treating addiction, and this was, craving could 
be reduced in patients more effectively. The 
present study provided a new model for treating 
addiction that emphasized the importance of the 
biopsychosocial model. In our study, the chance 
of relapse in opioid-dependent patients was re-
duced through diminishing their cravings by 
using a combined therapy. This combination of 
therapies could help to address food cravings or 
cravings for other abused drugs. The current 
study had some limitations, including the fact 
that the sample comprised only male subjects 
and there was no follow-up period, which could 
influence results in the long term. q
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