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Abstract

Background: Research shows that transcranial direct current stimulation is effective in reducing depression and anxiety.
Objectives: This research is aimed at reducing depression and anxiety in methadone users with transcranial direct current stimu-
lation.
Methods: This study is a randomized clinical trial with a pretest-posttest. The sample of this study was 60 methadone users who
had severe depression and anxiety. Participants were allocated to two experimental (n = 30) and control groups (n = 30). The two
regions, F3 (cathode) and F4 (anode) were stimulated with a current of 2 mA for 20 minutes in 10 sessions. Participants were assessed
before and after stimulation with Beck’s depression inventory and Berger’s anxiety test.
Results: Data analysis showed that tDCS reduced the symptoms of depression and anxiety in methadone users (P < 0.01).
Conclusions: It seems that the method of tDCS can reduce the severity of symptoms of depression and anxiety. Therefore, it can be
claimed that this intervention can be considered by experts as a complementary intervention along with other psychological and
pharmacological treatments.
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1. Background

Transcranial direct current stimulation (tDCS) is a non-
invasive method of stimulating the brain in which a weak,
intermittent current is sent from the skull to the underly-
ing layers, altering the excitability of the cerebral cortex.
For years, tDcS has been tested on animal specimens. Weak
and intermittent electrical current is sent to the lower lay-
ers of the skull alters the reactivity of brain nerve cells. To
this end, researchers have combined drug treatment of de-
pression and anxiety with transcranial direct current stim-
ulation, or tDCS. Electrical stimulation of the brain seems
to be as effective as medication for people with depression
and anxiety therapy, but the combination of the two meth-
ods has been shown to be more therapeutic. The tDCS re-
searchers say painless therapy with a weak, intermittent
electrical current is used to stimulate a specific part of the
brain has been used for a variety of conditions, including
stroke, anxiety, obsession, pain, and Parkinson’s, and is an
exciting treatment for depression and anxiety, as well as
improving brain function (1). The per capita prevalence of
depression among the addicts is about 50 to 60 percent,

and the prevalence of minor depressive disorder is about
10%. Also, the per capita prevalence of addiction among the
total patients with psychological disorders is about 29%,
and among the depressed patients referring to psychiatric
clinics, it is about 56% (2). It is stated that 40 percent of
the people who have drug abuse (opiate or non-opiate)
have had a period in their lives in which they had the di-
agnostic criteria of major depressive disorder (3). Qual-
ity of life is considered as a valid scale for evaluating the
outcome of the therapeutic and service methods provided
for a damaged person (4). Quality of life includes the per-
sons’ physical health, psychological state, social relation-
ships, religious and personal beliefs, and it is evaluated
based on the persons’ mental experiences (1). Researchers
have shown that abuse of opiate drugs, calmatives, and al-
cohol is related to the low quality of life. The results of
the research about the effect of methadone maintenance
treatment on the addicts’ psychological health are contra-
dictory. For example, some research has shown that com-
pared with the general population, the addicts under treat-
ment by methadone have had a high level of psychologi-
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cal problems, and they have experienced most of the mood
and emotional disorders such as depression and anxiety
(5). In treatment with methadone, special centers deliver
this drug to patients in the form of edible syrup and in a
controlled way. From the experts’ view, the replacement
of methadone can decrease the prevalence of injection ad-
diction and dangerous diseases such as AIDS, and on the
other hand, communication of the addicts with drug dis-
tributors is prevented and the probability of crime is de-
creased (6). In the late 90s, a method called tDCSwas in-
troduced which invaded the nerve tissue by induction of
electric current. In this method, the anode electrode is
connected to the considered point, and, as a reference, the
cathode electrode is connected on a point distant from the
anode electrode. Electric current is directed from the an-
ode electrode, which is a stimulator, to the cathode elec-
trode, which is inhibitory. One of the newest methods of
brain stimulation is transcranial direct current stimula-
tion (tDCS), which has been considered for two reasons:
being non-invasive and economically cheap. Also, this
method, along with magnetic stimulation, is considered as
one of the harmless and non-seizure causing methods. In
the tDCS method, a weak electric current enters the nerve
tissue through the skin and cranium and changes the ir-
ritability of this tissue. The commonly used protocols of
tDCS are related to two electrodes connected on the skin,
one of which works as the anode and the other works as the
cathode. An electric current of one to two mA is applied for
20 minutes between these two electrodes, each of which
usually has a cross-section of 35 cm2. The direction of the
current is from the cathode to the anode, and depending
on the direction and intensity of the current, irritability of
the cerebral cortex is increased or decreased (7).

2. Objectives

With respect to the aforementioned, the aim of this
study was to evaluate the effectiveness of transcranial di-
rect current stimulation (tDCS) on depression and anxiety
in methadone users.

3. Methods

This study is a randomized clinical trial with a pretest-
posttest. The sample of this study was 60 methadone users
who had severe depression and anxiety. Participants were
allocated to two experimental (n = 30) and control groups
(n = 30). The two regions, F3 (cathode) and F4 (anode), were

stimulated with a current of 2 mA for 20 minutes in 10 ses-
sions. Participants were assessed before and after stimu-
lation with Beck’s depression inventory and Berger’s anxi-
ety test. This study was consistent with the Helsinki Decla-
ration (1964) on the observance of ethical standards. Con-
scious consent was obtained from all participants, and the
study was approved by the Ethics Committee.

3.1. Procedure

After getting a written consent letter and insuring the
persons about the privacy of their information, question-
naires (which are available in the appendix) were filled.
Beck’s depression inventory, whose reliability and validity
had been measured in domestic studies, was used. In the
study performed by Dobson and Mohammad Khani, Cron-
bach’s alpha coefficient was reported as 96 percent for this
test. Beck’s test includes 21 questions and four choices for
each question. If the respondent chooses the first choice
of all the questions, the resulted score will be zero, and if
the person chooses the fourth choice of all the questions,
the score will be 63. In this test, if the person gets a score
of less than 16, the result suggests no depression, for the
scores of 17 - 25 suggest mild depression, the scores of 26 -
33 moderate depression, and for the scores of more than 34
point towards severe depression. For evaluating the anx-
iety, Berger’s test was used, the reliability and validity of
which were determined.

Also, the subjects have an age range of 20 to 50 years
old, and for controlling the gender, the research popula-
tion has been selected from among the men. In order to
prevent the effect of temperature and climatic conditions
on further tiredness, all the tests were done in the evening.
All the subjects were asked not to have any physical exer-
cise for 24 hours before the test and to have enough rest
and sleep. The conditions of execution of the test were the
same for all the subjects. All the subjects are healthy per-
sons.

3.2. Transcranial Direct Current Stimulation (tDCS)

The treatment was performed by stimulating the black
electrode in the middle of the forehead and the red elec-
trode on the left side of the skull with a current of 2 amps.
The number of these treatment sessions was 10 sessions,
each of which lasted approximately 20 minutes. The inter-
val between sessions was 48 hours, and the treatment gen-
erally lasted 30 days.

3.3. Statistical Analysis

For analyzing the data, covariance analysis was used.
All the statistical studies were done using SPSS-22.
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4. Results

In the present study, the information obtained was
evaluated using statistical analysis of covariance analysis.
Table 1 shows the descriptive findings of the experimental
and control groups in pre-test and post-test in relation to
depression and anxiety.

One of the defaults of covariance analysis before the
covariance analysis test to assume the homogeneity as-
sumption is the pre-test and post-test regression slope. The
results of regression slope homogeneity analysis showed
that the relationship between (pre-test) and (post-test)
variables at the level of regression slope homogeneity
study in the two groups was not significant. Levene’s test
was then performed to check the homogeneity of the vari-
ance, the results of which are shown in Table 2.

According to Table 2, the results showed that the vari-
ables of depression (0.054) and anxiety (0.076) were not
significant. So the defaults of analysis of covariance is es-
tablished.

According to Table 3, the variable of depression (50.17,
0.001) and the variable of anxiety (46.815, 0.001) after the
test are significant at the level of (0.001). Therefore, it can
be said that there is a difference between the scores of the
experimental and control groups in the post-test with re-
spect to the adjustment of the pre-test effect, which is the
highest coefficient of effect related to depression (0.82). In
other words, tDCS appears to have had a greater effect on
the depression of methadone users than on their anxiety.

5. Discussion

The study was conducted to evaluate reduce depres-
sion and anxiety in methadone users with transcranial di-
rect current stimulation. The results of covariance analysis
after adjusting the mean and controlling the interventions
indicate a significant decrease in the depression and anxi-
ety scores of the experimental group compared to the con-
trol group. According to the results of the post-test phase,
it seems that the tDCS method can be effective in reduc-
ing the symptoms of depression and anxiety in methadone
users.

The results of this research are similar to the results of
the researches performed by (8-15). Some researches have
found that tDCS is effective in reducing the severity of de-
pression and anxiety (16-18). Oraki et al. (19) research is con-
sistent with the results of the present study. The results of
their research showed that using tDCS, the symptoms of
depression were significantly reduced.

Paying attention to depression and anxiety and the ef-
fect of tDCS on these variables in the addicts has great
importance. Therefore, the role of these stimulations in
the performance of the nervous system in different age
groups, their effect on depression and anxiety, and espe-
cially on promotion of life quality is very significant. Al-
though depression and anxiety usually simultaneously ex-
ist in people with drug addiction, the role of electric tDCS
has been paid less attention to, and sometimes, contradic-
tory results have been reported by the researchers. How-
ever, for treating depression and anxiety, magnetic stim-
ulations have been used more than electric stimulations,
while electric stimulations are much cheaper and sim-
pler and have lower risks (8). Therefore, research on the
effect of tDCS on depression and anxiety in methadone
users has not been considered. Regarding the fact that
drug consumption is one of the most important health
problems in society, performing such projects will be use-
ful. Most of these people are single and unemployed, and
they have about 5 to 10 years of drug consumption back-
ground. Such patients have mostly started their addiction
with psychedelic pills, and at the later stages, they prefer
crystal to other drugs. The important point is that among
the population of this research, most of them are edu-
cated persons with associate and bachelor’s degrees who
are about 30 to 35 years old. However, after referring to
addiction treatment centers, these people began to con-
sume methadone under the control of the center staff. Ac-
cording to the results, their depression and anxiety level is
much lower than the people who have not decided to quit
their addiction yet.
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Table 1. Descriptive Statistics on Depression and Anxiety in Experimental and Control Groups, Pre-test and Post-test

Variable
Examination Group Control Group

Pre-test Post-test Pre-test Post-test

Depression

Average 27.70 10.05 28.51 28.72

Standard deviation 9.81 5.14 11.01 11.38

Anxiety

Average 45.91 28.09 46.19 46.37

Standard deviation 8.15 7.02 7.73 8.12

Table 2. Levene’s Test Results to Check the Assumption of Homogeneity of Variances

Variable Level F df1 df2 Sig.

Depression Post-test 0.054 1 6 0.045

Anxiety Post-test 0.076 1 9 0.91

Table 3. The Results of One-way Analysis of Covariance in Depression and Anxiety, the Difference Between the Experimental Group

Variable The Experiment Ss Error Ss The Experiment Ms Error Ms F P Eta

Depression 851.60 365.12 851.60 21.82 50.17 0.001 0.82

Anxiety 2736.183 1647.30 2736.183 75.491 46.815 0.001 0.481

References

1. Knotkova H, Rosedale M, Strauss SM, Horne J, Soto E, Cruciani RA, et al.
Using Transcranial Direct Current Stimulation to Treat Depression in
HIV-Infected Persons: The Outcomes of a Feasibility Study. Front Psy-
chiatry. 2012;3:59. doi: 10.3389/fpsyt.2012.00059. [PubMed: 22719732].
[PubMed Central: PMC3376409].

2. Krantz MJ, Martin J, Stimmel B, Mehta D, Haigney MC. QTc interval
screening in methadone treatment. Ann Intern Med. 2009;150(6):387–
95. doi: 10.7326/0003-4819-150-6-200903170-00103. [PubMed:
19153406].

3. Kaplan HI, Sadock BJ. Synopsis of Psychiatry. Int Clin Psychopharmacol.
1989;4(2). doi: 10.1097/00004850-198904000-00007.

4. Naeim M, Rezaeisharif A, Zandian H. The Relationship Between Inter-
net Addiction and Social Adjustment, and Test Anxiety of the Students
of Ardabil University of Medical Sciences. Shiraz E-Med J. 2020;21(11).

5. Beck AT, Steer RA, Carbin MG. Psychometric properties of the Beck De-
pression Inventory: Twenty-five years of evaluation. Clin Psychol Rev.
1988;8(1):77–100. doi: 10.1016/0272-7358(88)90050-5.

6. Peles E, Schreiber S, Naumovsky Y, Adelson M. Depression in
methadone maintenance treatment patients: rate and risk fac-
tors. J Affect Disord. 2007;99(1-3):213–20. doi: 10.1016/j.jad.2006.09.017.
[PubMed: 17055063].

7. Auvichayapat P, Keeratitanont K, Janyachareon T, Auvichayapat N.
The effects of transcranial direct current stimulation on metabolite
changes at the anterior cingulate cortex in neuropathic pain: a pi-
lot study. J Pain Res. 2018;11:2301–9. doi: 10.2147/JPR.S172920. [PubMed:
30349356]. [PubMed Central: PMC6188066].

8. Knotkova H, Soto E, Leuschner Z, Greenberg A, Stock V, Das D, et al.
Transcranial direct current stimulation (tDCS) for the treatment of
chronic pain. J Pain. 2013;14(4). doi: 10.1016/j.jpain.2013.01.592.

9. Soler MD, Kumru H, Pelayo R, Vidal J, Tormos JM, Fregni F, et al. Effec-
tiveness of transcranial direct current stimulation and visual illusion

on neuropathic pain in spinal cord injury. Brain. 2010;133(9):2565–
77. doi: 10.1093/brain/awq184. [PubMed: 20685806]. [PubMed Central:
PMC2929331].

10. Fecteau S, Agosta S, Hone-Blanchet A, Fregni F, Boggio P, Ciraulo
D, et al. Modulation of smoking and decision-making behaviors
with transcranial direct current stimulation in tobacco smok-
ers: a preliminary study. Drug Alcohol Depend. 2014;140:78–84. doi:
10.1016/j.drugalcdep.2014.03.036. [PubMed: 24814566]. [PubMed Cen-
tral: PMC4242508].

11. Xu J, Fregni F, Brody AL, Rahman AS. Transcranial direct cur-
rent stimulation reduces negative affect but not cigarette crav-
ing in overnight abstinent smokers. Front Psychiatry. 2013;4:112.
doi: 10.3389/fpsyt.2013.00112. [PubMed: 24065930]. [PubMed Central:
PMC3778370].

12. Barr MS, Farzan F, Wing VC, George TP, Fitzgerald PB, Daskalakis ZJ.
Repetitive transcranial magnetic stimulation and drug addiction. Int
Rev Psychiatry. 2011;23(5):454–66. doi: 10.3109/09540261.2011.618827.
[PubMed: 22200135].

13. Brunoni AR, Nitsche MA, Bolognini N, Bikson M, Wagner T, Merabet L,
et al. Clinical research with transcranial direct current stimulation
(tDCS): challenges and future directions. Brain Stimul. 2012;5(3):175–
95. doi: 10.1016/j.brs.2011.03.002. [PubMed: 22037126]. [PubMed Cen-
tral: PMC3270156].

14. Fregni F, Liguori P, Fecteau S, Nitsche MA, Pascual-Leone A, Boggio PS.
Cortical stimulation of the prefrontal cortex with transcranial direct
current stimulation reduces cue-provoked smoking craving: a ran-
domized, sham-controlled study. J Clin Psychiatry. 2008;69(1):32–40.
doi: 10.4088/jcp.v69n0105. [PubMed: 18312035].

15. Wagner T, Fregni F, Fecteau S, Grodzinsky A, Zahn M, Pascual-
Leone A. Transcranial direct current stimulation: a computer-
based human model study. Neuroimage. 2007;35(3):1113–24. doi:
10.1016/j.neuroimage.2007.01.027. [PubMed: 17337213].

4 Iran J Psychiatry Behav Sci. 2021; 15(1):e98062.

http://dx.doi.org/10.3389/fpsyt.2012.00059
http://www.ncbi.nlm.nih.gov/pubmed/22719732
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3376409
http://dx.doi.org/10.7326/0003-4819-150-6-200903170-00103
http://www.ncbi.nlm.nih.gov/pubmed/19153406
http://dx.doi.org/10.1097/00004850-198904000-00007
http://dx.doi.org/10.1016/0272-7358(88)90050-5
http://dx.doi.org/10.1016/j.jad.2006.09.017
http://www.ncbi.nlm.nih.gov/pubmed/17055063
http://dx.doi.org/10.2147/JPR.S172920
http://www.ncbi.nlm.nih.gov/pubmed/30349356
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6188066
http://dx.doi.org/10.1016/j.jpain.2013.01.592
http://dx.doi.org/10.1093/brain/awq184
http://www.ncbi.nlm.nih.gov/pubmed/20685806
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2929331
http://dx.doi.org/10.1016/j.drugalcdep.2014.03.036
http://www.ncbi.nlm.nih.gov/pubmed/24814566
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4242508
http://dx.doi.org/10.3389/fpsyt.2013.00112
http://www.ncbi.nlm.nih.gov/pubmed/24065930
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3778370
http://dx.doi.org/10.3109/09540261.2011.618827
http://www.ncbi.nlm.nih.gov/pubmed/22200135
http://dx.doi.org/10.1016/j.brs.2011.03.002
http://www.ncbi.nlm.nih.gov/pubmed/22037126
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3270156
http://dx.doi.org/10.4088/jcp.v69n0105
http://www.ncbi.nlm.nih.gov/pubmed/18312035
http://dx.doi.org/10.1016/j.neuroimage.2007.01.027
http://www.ncbi.nlm.nih.gov/pubmed/17337213


Uncorrected Proof

Naeim M et al.

16. Alizadeh Goradel J, Pouresmali A, Mowlaie M, Sadeghi Movahed F.
The Effects of Transcranial Direct Current Stimulation on Obsession-
compulsion, Anxiety, and Depression of a Patient Suffering from
Obsessive-compulsive Disorder. Pract Clin Psychol. 2016;4(2). doi:
10.15412/j.jpcp.06040201.

17. Nasiri F, Mashhadi A, Bigdeli I, Chamanabad AG, Ellard KK. Augment-
ing the unified protocol for transdiagnostic treatment of emotional
disorders with transcranial direct current stimulation in individ-
uals with generalized anxiety disorder and comorbid depression:
A randomized controlled trial. J Affect Disord. 2020;262:405–13. doi:

10.1016/j.jad.2019.11.064. [PubMed: 31740106].
18. Sadeghi Bimorgh M, Omidi A, Ghoreishi FS, Rezaei Ardani A, Ghaderi

A, Banafshe HR. The Effect of Transcranial Direct Current Stimu-
lation on Relapse, Anxiety, and Depression in Patients With Opi-
oid Dependence Under Methadone Maintenance Treatment: A Pi-
lot Study. Front Pharmacol. 2020;11:401. doi: 10.3389/fphar.2020.00401.
[PubMed: 32308624]. [PubMed Central: PMC7145941].

19. Oraki M, Shahmoradi S. The Effectiveness of Transcranial Direct Cur-
rent Stimulation (TDCS) on the Working Memory and Severity of De-
pression Symptoms. Neuropsychology. 2019;4(15):75–88.

Iran J Psychiatry Behav Sci. 2021; 15(1):e98062. 5

http://dx.doi.org/10.15412/j.jpcp.06040201
http://dx.doi.org/10.1016/j.jad.2019.11.064
http://www.ncbi.nlm.nih.gov/pubmed/31740106
http://dx.doi.org/10.3389/fphar.2020.00401
http://www.ncbi.nlm.nih.gov/pubmed/32308624
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7145941

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Procedure
	3.2. Transcranial Direct Current Stimulation (tDCS) 
	3.3. Statistical Analysis

	4. Results
	Table 1
	Table 2
	Table 3

	5. Discussion
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

