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Abstract

This study aimed to investigate the effectiveness of transcranial direct current
stimulation (tDCS) on improving executive functions and cognitive flexibility in
patients with major depressive disorder. This quasi-experimental study employed a
pretest—posttest control group design with 30 female patients aged 20—35 diagnosed
with major depressive disorder in Tehran. Participants were randomly assigned to
experimental and control groups. The experimental group received six 20-minute
tDCS sessions over three weeks, while the control group received no intervention.
Instruments included the Beck Depression Inventory, N-Back task, and Cognitive
Flexibility Test. Data were analyzed using multivariate analysis of covariance with
repeated measures. Multivariate covariance analysis revealed that tDCS significantly
improved executive functions and cognitive flexibility in the experimental group
compared with the control group (p<0.001). tDCS represents an effective and safe
interventionfor enhancing cognitive functioning in individuals with major depressive
disorder.
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Extended Abstract
Introduction

Major Depressive Disorder (MDD) is recognized as one of the most debilitating psychiatric disorders
worldwide and is currently the leading cause of global disability (Friedrich, 2017). Beyond emotional
suffering, MDD profoundly disrupts cognitive systems, particularly executive functions and cognitive
flexibility, which are essential for adaptive functioning, problem-solving, and emotional regulation (Fries et
al., 2023; Kopf-Beck et al., 2020). Contemporary neurobiological models conceptualize depression as a
disorder of neural networks rather than merely a mood disturbance, with dysfunctions primarily observed in
prefrontal-limbic circuits that govern executive control and cognitive-emotional integration (Aparicio et al.,
2019; Fries et al., 2023).

Executive functions encompass a set of higher-order cognitive processes including working memory,
inhibitory control, planning, attention regulation, and cognitive flexibility (Nasab et al., 2024; Nozari et al.,
2019). Cognitive flexibility, in particular, plays a central role in psychological resilience and emotion
regulation, allowing individuals to shift perspectives, adapt strategies, and modify responses in dynamic
environments (Chen et al.,, 2022; Monsoon et al., 2022). Deficits in cognitive flexibility are strongly
associated with rumination, rigid negative thinking, impaired coping, and the persistence of depressive
symptoms (Chen et al., 2022; Yaghoubi et al., 2026).

Although pharmacotherapy and psychotherapy remain the primary treatments for MDD, a substantial
proportion of patients fail to achieve full remission or experience recurrent episodes, underscoring the need for
novel therapeutic strategies that directly target neural mechanisms underlying cognitive dysfunction
(Sampaio-Junior et al., 2018; Shiozawa et al., 2017). Non-invasive brain stimulation techniques have
emerged as promising interventions, among which transcranial direct current stimulation (tDCS) has received
increasing attention due to its safety, accessibility, and capacity to modulate cortical excitability and synaptic
plasticity (Agarwal et al., 2013; Norris et al., 2010).

tDCS delivers weak direct electrical currents to the cerebral cortex, producing sustained alterations in neuronal
firing and network connectivity. These neurophysiological changes facilitate long-term potentiation and
enhance functional reorganization of executive networks, particularly within the dorsolateral prefrontal cortex,
a region consistently implicated in depression-related cognitive deficits (Berryhill & Martin, 2018; Reis et
al., 2009). Accumulating evidence supports the efficacy of tDCS in reducing depressive symptoms and
improving cognitive performance in both clinical and non-clinical populations (Aparicio et al., 2019; Nozari
et al., 2019; Rahmatinezad et al., 2023).
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Moreover, recent studies indicate that tDCS enhances cognitive flexibility, decision-making, working memory,
and emotional regulation across diverse conditions, including depression, anxiety disorders, ADHD, learning
disabilities, and age-related cognitive decline (Norouzi Homayoun et al., 2024; Soyata et al., 2019; Talebi
& Hashemi Mad, 2025; Wu et al., 2022). These findings suggest that tDCS may operate as a transdiagnostic
cognitive modulator capable of restoring disrupted executive systems.

Despite growing evidence, limited research has simultaneously examined the impact of tDCS on executive
functions and cognitive flexibility in individuals with MDD, particularly within Middle Eastern populations.
Addressing this gap, the present study investigates the effectiveness of tDCS on these core cognitive systems
in patients with major depressive disorder.

Methods and Materials

This quasi-experimental study employed a pretest—posttest control group design. The statistical population
consisted of women aged 20-35 diagnosed with major depressive disorder who were referred to three
psychiatric clinics in Tehran. Thirty eligible participants were selected through convenience sampling and
randomly assigned to an experimental group (n =15) and a control group (n = 15).

Inclusion criteria included a clinical diagnosis of major depressive disorder, Beck Depression Inventory score
above 20, absence of psychotic or bipolar disorders, no concurrent psychotropic medication use, and age
between 20 and 35 years. Ethical approval was obtained, informed consent was secured, and participants were
assured of confidentiality and their right to withdraw.

The experimental group received six sessions of tDCS over three weeks (two sessions per week, 20 minutes
per session, 2 mA intensity). Electrodes were positioned over the left and right dorsolateral prefrontal cortex
(F3 and F4). The control group received no intervention.

Instruments included the Beck Depression Inventory-1l, the N-Back working memory task, and the Wisconsin
Card Sorting Test to assess executive functions and cognitive flexibility. Assessments were conducted at
baseline, post-intervention, and at four-week follow-up.

Data were analyzed using descriptive statistics and multivariate analysis of covariance with repeated measures.
Findings

Descriptive results revealed substantial post-intervention improvements in the experimental group across
executive functions, cognitive flexibility, and working memory, whereas the control group exhibited minimal
change.

Multivariate ANCOVA demonstrated significant group effects on executive functions (F =41.32, p <.001, n?
=.61), cognitive flexibility (F = 46.57, p <.001, n? = .63), and working memory (F =38.14, p < .001, n* =
.59), after controlling for pretest scores. Effect sizes indicated that 59—63% of variance in posttest performance
was attributable to the tDCS intervention.

Follow-up assessments confirmed the stability of treatment gains, indicating sustained cognitive improvements
four weeks after intervention.

Discussion and Conclusion

The findings demonstrate that transcranial direct current stimulation produces robust and durable
improvements in executive functions and cognitive flexibility among individuals with major depressive
disorder. The magnitude of cognitive gains observed suggests that tDCS does not merely alleviate mood
symptoms but substantially restores core cognitive control systems.

From a neurocognitive perspective, the observed improvements likely reflect enhanced neural plasticity within
prefrontal networks responsible for executive control, adaptive decision-making, and emotion regulation. By
strengthening these systems, tDCS appears to interrupt maladaptive cognitive patterns such as rumination,
rigidity, and attentional bias that perpetuate depressive pathology.
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Clinically, the results support integrating tDCS into multimodal treatment frameworks for depression. Its non-
invasive nature, minimal side effects, and capacity to directly modulate dysfunctional neural circuits make it a
valuable adjunct to psychotherapy and pharmacotherapy. The sustained improvements at follow-up further
suggest that tDCS may contribute to long-term cognitive stabilization and relapse prevention.

In conclusion, tDCS represents a promising, evidence-based neurocognitive intervention for enhancing
executive functioning and cognitive flexibility in patients with major depressive disorder. Its application may
significantly improve treatment outcomes and quality of life for individuals suffering from this disabling
condition.
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