The Effectiveness of Transcranial Direct Current Simulation (tDCS) on
Depressive Symptoms and Attention of Major Depressive Disorder (MDD)

Abstract

The aim of this study was to determine the effectiveness of tDCS therapy on depressive symptoms and
attention of people with major depressive disorder (MDD). The design of the current research was based
on the practical purpose, of a semi-experimental type in the form of a pre-test and a post-test with a
control group. The statistical population of this study included all adults (men and women) with
symptoms of major depressive disorder (MDD), who referred to psychology and psychiatric clinics in
Ahvaz city in 2018. The research sample included 24 subjects of experimental group (5 women and 7
men) and control group (6 women and 6 men) with major depressive symptoms, who were randomly
selected. The instruments were Beck Depression Inventory (BDI-11) and Rosold Continuous Performance
Test (CPT). Then, after 10 sessions of Transcranial Direct Current Stimulation (TDCS) in the
experimental group, they completed the same tests again as the post-test. Data were analyzed by using
statistical multivariate analysis of covariance (MANCOVA) and software version 26 (SPSS). The results
showed that tDCS -based treatment reduced depressive symptoms in subjects with MDD in the
experimental group compared to the control group. At the same time, tDCS-based treatment did not affect
the reduction of attentional errors in persons with MDD in the experimental group compared with the
control group (P<0/001). Therefore, tDCS-based treatment by stimulating the left posterior-lateral
prefrontal region and the right posterior-lateral prefrontal region is effective in reducing depressive
symptoms in people with major depressive symptoms (MDD). Therefore, mental health specialists in
medical centers can use this treatment along with other treatments (especially drug therapy).
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Extended Abstract
Introduction & Aim

Depression is a prevalent factor contributing to mental health disorders. According to the American
Psychiatric Association (APA) guidelines, Major Depressive Disorder (MDD) is characterized by
persistent feelings of sadness or loss of interest, accompanied by physical, psychomotor, and
neurocognitive symptoms lasting at least 2 weeks and resulting in significant functional impairment
across various life domains (American Psychiatric Association, 2015). Several studies have shown
cognitive impairments associated with major depression, including deficits in attention, working memory,
visual-spatial memory, executive functions, and processing speed (Keefe et al. 2014; Wagner et al., 2012;
Moreno et al.,, 2012). During depressive episodes, evidence suggests interhemispheric functional
asymmetry, with the left dorsolateral prefrontal cortex (DLPFC) being underactive and the right DLPFC
being overactive (Grimm et al., 2008). The DLPFC communicates with the frontoparietal network (FPN),
involved in decision-making, working memory, and attention, which is often underactive in depression
(Kaiser et al., 2015).

Noninvasive brain stimulation (NIBS) therapies, such as transcranial Direct Current Stimulation (tDCS),
have emerged as promising alternative strategies based on the understanding of specific brain regions
involved in psychiatric disorders (Sauvaget, Lagalice, Schirr-Bonnans et al., 2020). tDCS involves
applying a low-intensity continuous electric current (1 to 2.5 mA) through scalp electrodes (anode and
cathode) for an average of 10 to 30 minutes. Anodal stimulation increases neuronal firing rates and



decreases GABA activity, while cathodal stimulation inhibits neurons and reduces glutamate levels
(Brunoni & Palm, 2019; Brunoni et al., 2014; Bennabi, & Haffen, 2018). The antidepressant effects of
tDCS on the DLPFC have been suggested since 2006 (Fregni et al., 2021). tDCS is among the most
widely used non-invasive techniques, shown to enhance working memory (Carvalho et al., 2015),
cognitive flexibility (Leite et al., 2013), inhibition (Leite et al., 2018), and other cognitive functions.
Given these factors, this study aims to investigate whether tDCS treatment has an impact on depression
symptoms and attention in individuals with depressive symptoms in Ahvaz city. Specifically, the research
seeks to determine the effectiveness of tDCS therapy on depressive symptoms and attention in individuals
diagnosed with Major Depressive Disorder (MDD).

Methodology:

This study employed a semi-experimental design with pre- and post-test measurements, including a
control group. The target population consisted of adult individuals (both men and women) exhibiting
symptoms of depression who sought treatment at psychology and psychiatric clinics in Ahvaz city.
Initially, 47 subjects diagnosed with depression based on clinical interviews conducted by psychiatrists
and clinical psychologists were identified. Subsequently, the Beck Depression Inventory-11 (BDI-I1) was
administered to these individuals, with 34 subjects scoring above 17 on the questionnaire being selected
for participation. The final sample comprised 32 subjects, randomly allocated into experimental and
control groups, each consisting of 16 individuals. However, some participants were excluded due to
incomplete intervention or failure to complete the post-test. Inclusion criteria included a diagnosis of
depression for at least 6 months, a minimum of 5th-grade education, age between 25 and 50 years, a BDI-
Il score of 17 or higher, and consent to participate. Exclusion criteria encompassed psychotic disorders,
co-occurrence of other mental disorders such as anxiety, concurrent use of certain medications, presence
of metal implants or electrodes in the head, head skin damage, frequent headaches or migraines, absence
from more than one session, and lack of consent. Before the intervention, all selected subjects completed
the Beck Depression Inventory-21 (BDI-21) questionnaire and the Continuous Performance Test (CPT).
Following the application of 10 sessions of transcranial Direct Current Stimulation (tDCS) intervention
on the experimental group, the same tests were repeated as post-tests.

The tDCS device utilized in the intervention employed a 9-volt battery, with maximum current and
voltage of 4 mA and 80 V DC, respectively. Stimulation parameters involved applying 2 mA for at least
30 minutes daily over 10 sessions. Electrodes were positioned over the left dorsolateral prefrontal cortex
(F3) and right dorsolateral prefrontal cortex (F4) using the international 10-20 EEG system.

Findings:

Based on this, treatment based on transcranial direct current stimulation (tDCS) has led to a reduction in
the level of Major Depressive Disorder (MDD) in individuals with depression symptoms in the
experimental group. Therefore, 83% of the individual differences in post-test scores of depressive
symptoms are attributed to the tDCS-based treatment.

With the control of pre-test differences between the experimental and control groups in terms of attention,
no significant difference was observed. Therefore, the treatment based on tDCS did not prove to be
effective in reducing the level of attentional errors in individuals with depression symptoms in the
experimental group.

Conclusion:

In conclusion, direct electrical stimulation of the brain engages the prefrontal cortex in the neural network
responsible for processing emotions and mood, leading to enhanced brain processing capabilities and
reduced inefficient automatic thoughts, ultimately resulting in a decrease in depressive symptoms (Zhang
et al., 2021; Zhu et al., 2020). Therefore, in individuals exhibiting symptoms of depression, direct
electrical stimulation therapy targeting the left prefrontal cortex has shown a positive effect on reducing
depression symptoms, suggesting it could be an effective intervention for depression treatment.



The cognitive effects of transcranial direct current stimulation (tDCS) may vary due to its association
with baseline cognitive performance, gender, and structural brain differences, impacting the stimulation
pathway and treatment effects differently (Cotelli et al., 2016).

Based on these results, mental health professionals in medical settings can consider utilizing this

therapeutic approach alongside other interventions, particularly pharmacotherapy, for individuals
exhibiting symptoms of depression.
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