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ABSTRACT

Generalized anxiety disorder (GAD) is a chronic psychiatric condition characterized
by excessive and uncontrollable worry, which is associated with deficits in attention and concentration.
The present study aims to evaluate the efficacy of transcranial direct current stimulation (tDCS) in
modulating the absolute power of alpha and theta brainwaves and enhancing visual and auditory
attention in individuals with GAD.

[VETEEE This is a single-blind, randomized clinical trial with a pre-test/post-test design, conducted
on 24 patients with GAD aged between 18-40 years referred to medical centers in Tabriz, Iran, during
2023-2024. The GAD was diagnosed following clinical evaluations by a psychiatrist using the GAD 7-item
scale., Participants were randomly assigned to intervention (n=12) or control (n=12) groups. Both
groups completed the integrated visual and auditory continuous performance test (IVA-2) to evaluate
their visual and auditory attention, and the quantitative electroencephalography (QEEG) was used to
measure absolute power in alpha and theta brainwave bands, before and after the intervention. The
intervention group received tDCS at an intensity of 2 mA over the orbitofrontal cortex (Anode on Fpland
cathode on Fp2) at 10 sessions, every other day, each session for 30 minutes. The control group received
sham stimulation. Data were analyzed in SPSS software, version 20.

[EST® The statistical analyses revealed a significant difference in the activity of theta and alpha
brainwaves and visual and auditory attention after intervention (P<0.05). The absolute power of theta
waves showed a notable decrease from 108.28 to 99.44, while the absolute power of alpha waves
increased from 73.66 to 175.33. In parallel, visual attention scores improved significantly from 596.86 to
1836.34, and auditory attention scores increased from 503.57 to 1850.30 after the intervention.
[@TETERT The tDCS can modulate the absolute power of alpha and theta brainwaves and enhance
visual and auditory attention of individuals with GAD. Further research is recommended to investigate
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Introduction

eneralized anxiety disorder (GAD) is a

chronic psychiatric condition that is pri-

marily characterized by excessive and

uncontrollable worry, which significantly

affects both cognitive and emotional func-
tioning. This disorder is frequently associated with distur-
bances in attention and concentration, which impair the
ability to process information efficiently and respond to
environmental demands. Elevated anxiety levels are of-
ten associated with deficits in attentional control, which
further exacerbate the negative effect of the disorder on
daily life.

Neurophysiological studies have provided valuable in-
sights into the brain activity associated with GAD, spe-
cifically focusing on the power of brainwaves in regulat-
ing cognitive functions. Among the various brainwave
frequencies, theta and alpha waves have garnered particu-
lar interest in the context of anxiety regulation and atten-
tional processes. Theta waves (4-8 Hz) are believed to
play a significant role in regulating cognitive functions,
particularly in attention, while alpha waves (812 Hz) are
associated with relaxation and inhibition of irrelevant in-
formation. Research has shown that absolute theta power
is closely linked to attentional performance, while both
alpha and theta waves are thought to modulate emotional
regulation, including anxiety levels.

Given the critical role of these brainwaves in cognitive
and emotional functioning, the present study seeks to ex-
plore the efficacy of transcranial direct current stimula-
tion (tDCS) in modulating the absolute power of alpha
and theta brainwaves. Moreover, this study aims to assess
the impact of tDCS on improving visual and auditory at-
tention in individuals with GAD. It is hypothesized that
modulating brainwave activity by tDCS may enhance at-
tentional performance and reduce anxiety-related cogni-
tive deficits.

Methods

This is a single-blind randomized clinical trial conduct-
ed 24 individuals with GAD aged 18-40 years referred to
medical centers in Tabriz, Iran, during 2023-2024. Before
participation, all participants underwent clinical evalua-
tions conducted by a licensed psychiatrist. The general-
ized anxiety disorder 7-item (GAD-7) scale was used for
screening to diagnose GAD. The participants were ran-
domly assigned to intervention (n=12) or control (n=12)
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groups. Both groups underwent pre- and post-interven-
tion assessments using the integrated visual and auditory
continuous performance test (IVA-2) to measure visual
and auditory attention. Additionally, quantitative electro-
encephalography (QEEG) was used to record and analyze
the absolute power of alpha and theta brainwaves before
and after the intervention.

The intervention group received tDCS over the orbito-
frontal cortex at an intensity of 2 mA at 10 sessions, ev-
ery other day, each session for 30 minutes. The electrodes
were placed at Fp1 (anode) and Fp2 (cathode). The control
group received sham stimulation using the same electrode
placements but with no active current. After the interven-
tion, both groups were reassessed using qEEG to measure
changes in alpha and theta wave power and the IVA-2 to
evaluate improvements in attentional performance.

Results

Statistical analyses revealed a significant difference in
the activity of theta and alpha brainwaves and visual and
auditory attention in individuals with GAD. Specifically,
the absolute power of theta waves decreased significantly
from 108.28 to 99.44 after intervention, indicating an im-
provement in attention processes. In contrast, the absolute
power of alpha waves showed a notable increase from
73.66 to 175.33 after intervention, suggesting a decline
in anxiety.

The attentional performance of participants also im-
proved significantly following the intervention. Visual at-
tention scores increased from 596.86 to 1836.34, while au-
ditory attention scores increased from 503.57 to 1850.30.
These results indicate that tDCS not only modulated
brainwave activity but also had a positive impact on cog-
nitive functions, particularly visual and auditory attention.

Conclusion

The findings of this study provide strong evidence for
the effectiveness of tDCS in modulating brainwave ac-
tivity, specifically alpha and theta waves, and improving
attentional performance in individuals with GAD. These
results align with previous studies that have demonstrated
the beneficial effects of non-invasive brain stimulation
techniques, such as tDCS, in enhancing cognitive func-
tions and regulating emotional processes. The decrease
in theta wave power after intervention may indicate a re-
duction in the cognitive impairment caused by anxiety.
Theta waves are often associated with increased worry
and rumination, which are core features of GAD. By
modulating theta wave activity, tDCS may help alleviate
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the attentional deficits typically seen in individuals with
anxiety. The increase in alpha wave power suggests a
shift towards a more relaxed and focused state, which is
crucial for improving attentional control and reducing dis-
tractibility. The improvements in both visual and auditory
attention after tDCS suggest that tDCS can enhance both
sensory modalities, providing a more holistic approach
to improving cognitive performance in individuals with
anxiety disorders.

In conclusion, tDCS is an effective intervention for mod-
ulating the absolute power of alpha and theta brainwaves
and improving attentional performance in individuals with
GAD. These results support the potential use of tDCS as a
therapeutic tool for enhancing cognitive functions and al-
leviating anxiety-related impairments in attention. Howev-
er, further research is needed to optimize tDCS protocols,
investigate the long-term effects of this neuromodulation
technique, and explore its potential applications in clini-
cal settings for anxiety-related disorders. Future studies
should focus on refining the stimulation parameters, such
as electrode placement, current intensity, and duration of
treatment, to maximize the therapeutic benefits of tDCS.
Additionally, longitudinal studies are required to assess
the long-term efficacy of tDCS and determine whether its
effects are sustained over time. Further research into the
neural mechanisms underlying the observed changes in
brainwave activity and attentional performance can also
be valuable for understanding the precise mechanisms of
action of tDCS in anxiety disorders.
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4. Left-Dorsa Lateral Para-Frontal Cortex (L-DLPFC)

5. Transcranial Direct Current Stimulation (tDCS)

6. Right-Dorsa Lateral Para-Frontal Cortex (R-DLPFC)

7. Repetitive Transcranial Magnetic Stimulation (rTMS)
8. Dorsa Lateral Para-Frontal Cortex (DLPFC)
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10. Orbitofrontal Cortex (OFC)
11. General Anxiety Disorder (GAD-7)
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15. Multivariate analysis of covariance
16. Statistical Package for the Social Science
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12. Integrated Visual and Auditory Continues Performance Test (IVA-
2)

13. Quantitative Electroencephalography (QEEG)

14. Transcranial Electrical Stimulation (tES)
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