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Introduction: Bipolar II disorder comorbid with a history of heroin use is associated with impair-
ments in response inhibition and risky decision-making. The present study aimed to investigate the
effectiveness of Transcranial Direct Current Stimulation (tDCS) on response inhibition and risky
decision-making in men with bipolar II disorder comorbid with a history of heroin use.

Methods: This was a quasi-experimental study with a pre-test, post-test, and follow-up design
with a control group. The study population comprised men with bipolar II disorder comorbid with

a history of heroin use who were referred to treatment centers in Isfahan, Iran, in 2024. A total of 32

Bipolar II disorder

Heroin individuals were randomly assigned to the experimental and control groups. The research instru-

ments included the computerized Go/No-Go response inhibition task and the computerized lowa
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Gambling Task (IGT). The experimental group received tDCS for 10 consecutive daily sessions,
each lasting 20 minutes. Data analysis was performed using analysis of covariance (ANCOVA)
via SPSS-24 software.

Results: The results indicated that tDCS significantly improved response inhibition including
commission error (F=29.31, P<0.001), omission error (F=28.56, P<0.001), and reaction time
(F=24.47, P < 0.001) and reduced risky decision-making (F=27.71, P<0.001) in the experimental

Email: B.peymannia@scu.ac.ir group compared to the control group.

@'}‘;ﬂ {0) Conclusion: As a novel and effective intervention, tDCS can play a key role in reducing impul-

ﬁ. - _'#:i",_: sive behaviors, facilitating the recovery process, and decreasing risky decision-making, making

@ﬁﬂ it a viable clinical application for individuals with bipolar II disorder comorbid with a history of
d - | doiorg/10.30514/icss.28.1.75 heroin use.
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Extended Abstract

Introduction

Substance abuse is one of the complicated challenges one of the most dangerous opioid substances, affects
of today’s public health systems, causing not only se- the central nervous system, causes severe dependence,
rious physical and psychological issues in the user but and complicates the treatment process (1). Chronic use

also widespread social and economic harms. Heroin, as of heroin disrupts executive and cognitive functions by
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altering the brain’s dopaminergic system. It is also of-
ten comorbid with other psychiatric disorders, making
treatment even more complex. Among these, bipolar II
disorder has gained importance due to its unique clinical
features (4). Mood fluctuations between depressive epi-
sodes and hypomanic periods characterize this disorder.
In an effort to escape depressive states, many individuals
may turn to substance use (5). The comorbidity of hero-
in use and bipolar II disorder reduces quality of life and
impairs cognitive functions such as response inhibition
(7). Response inhibition plays a crucial role in impulse
control, and impairments in this area may lead to impul-
sive behaviors (8). Both individuals with bipolar disor-
der and chronic heroin users show poorer performance in
this domain (9). These disorders are also associated with
risky decision-making, contributing to high-risk behav-
iors (13). Transcranial Direct Current Stimulation (tDCS)
is a novel, non-invasive, and low-cost method that tar-
gets the dorsolateral prefrontal cortex (DLPFC) and has
shown promise in enhancing cognitive performance (16,
17). The present study aims to examine the effectiveness
of this intervention on response inhibition and risky de-
cision-making in men with bipolar II disorder comorbid

with a history of heroin use.

Methods

This was a quasi-experimental study with a pre-test,
post-test, and follow-up design with a control group. The
study population comprised men with bipolar II disorder
comorbid with a history of heroin use who were referred
to treatment centers in Isfahan, Iran, in 2024. Thirty-two
participants were selected through convenience sam-
pling and randomly assigned to experimental and control
groups (16 in each group). A psychiatrist confirmed the
diagnosis of the disorder through a DSM-5-based clini-
cal interview. Inclusion criteria were the absence of other

psychiatric disorders, no metal objects or implants in the

body or head, no history of epilepsy or brain surgery, no
use of anticonvulsants or antipsychotics, and completion
of the treatment process. Informed consent was obtained
from all patients and their families, and confidentiality of
the information was ensured.

Two instruments were used in this study: The Go/No-Go
task and the lowa Gambling Task (IGT). The Go/No-Go
task is one of the most widely used tools for assessing re-
sponse inhibition (21). In its computerized version, par-
ticipants respond to target stimuli and inhibit responses
to non-target stimuli. Commission errors indicate poor
inhibition, while omission errors reflect inattention. The
task has a reliability range of 0.70 to 0.89 and satisfactory
validity (22, 23).

The Iowa Gambling Task was designed to assess deci-
sion-making under conditions of ambiguity and risk. In
this task, participants choose from four decks of cards
and make decisions based on rewards and losses. Decks
C and D are advantageous, while decks A and B are dis-
advantageous. After about 20 trials, the task moves to the
risk recognition stage, and its construct validity has been
confirmed in various studies (27).

tDCS stimulation was administered using a NEUROS-
TIM-2 device with two carbon electrodes soaked in saline
solution. Anodal electrodes were placed over the motor
and left dorsolateral prefrontal cortex, and cathodal elec-
trodes over the right supraorbital area. A 2mA current was
applied for 20 minutes per session. Stimulation increases
excitability under the anode and decreases it under the
cathode. This method has also been used in treatments
such as stroke rehabilitation (28). Finally, the collected
data were analyzed using multivariate analysis of covari-

ance (MANCOVA) via SPSS software version 24.

Results
The findings of this study indicate a positive effect of

tDCS on response inhibition and risky decision-mak-
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ing in men with bipolar disorder type II and a history of
heroin use. The results show that after the intervention,
the experimental group experienced significant improve-
ments in their cognitive functions, and these changes
were maintained at follow-up. These findings emphasize
the lasting effectiveness of tDCS in enhancing cognitive
abilities in this population.

Based on the data in the Table 1, tDCS intervention had
a significant impact on response inhibition in the experi-
mental group. It is observed that the components of com-
mission error and omission error showed a meaningful
reduction after the intervention, with the error rates sig-
nificantly decreasing in the experimental group. These

changes also remained stable at the follow-up stage. Ad-
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ditionally, the correct response time in the experimental
group decreased, indicating improvement in processing
speed and response accuracy. In contrast, the control
group, which did not receive the intervention, showed
no significant changes in these components. Moreover,
in the risky decision-making variable, the experimental
group showed a significant increase after the intervention,
which indicates improved decision-making ability and
reduced risk-taking. Overall, these findings demonstrate
that tDCS, as a complementary therapeutic method, can
effectively enhance cognitive and behavioral functions
related to response inhibition and risky decision-making
in patients with bipolar disorder type II, and these effects

persist at least up to one month after the intervention.

Table 1. Group comparisons of correct answers across tasks and stimuli types

Experimental Group Control Group
Variable Components Test Stage
Mean SD Mean SD
Pre-test -2.69 1.01 -2.88 0.88
Commission Error Post-test -1.31 0.47 -2.75 0.85
Follow-up -1.44 0.51 -2.69 0.87
Pre-test 3.25 0.77 3.19 0.75
Response Inhibition Omission Error Post-test 1.31 0.47 3.6 0.77
Follow-up 1.44 0.51 3.00 0.81
Pre-test 127.44 1.76 127.44 1.03
Correct Response Time  Post-test 113.6 1.94 127.25 1.34
Follow-up 113.63 2.02 127.13 1.14
Pre-test -2.50 0.76 -1.38 0.69
Risky Decision-Making Post-test 15.06 1.08 -1.63 0.06
Follow-up 14.06 1.04 -1.81 0.09

Conclusion

tDCS can improve response inhibition in men with bi-

polar disorder type II comorbid with heroin abuse. This

effect occurs due to the regulation of cortical oscillations
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and the induction of neuroplastic effects; transcranial al-
ternating current stimulation interferes directly with cor-
tical rhythms and modulates their oscillations, leading to
changes in glutamatergic neuron activity and increased
neural plasticity (37, 38). Moreover, electrical stimulation
can reduce gamma-aminobutyric acid neurotransmission
and facilitate the improvement of cognitive functions
such as response inhibition (39). Increased activity in the
prefrontal cortex, specifically in the alpha frequency, can
help improve inhibitory processes and goal-directed be-
havior.

Another finding of the study indicated that tDCS also af-
fects risky decision-making. Individuals with bipolar dis-
order and substance abuse tend to make immediate and
risky choices due to impaired processing of future con-
sequences. Direct electrical brain stimulation enhances
neural plasticity and reconstructs cognitive and emotion-
al networks, thus aiding in better decision-making (40).
Accordingly, tDCS strengthens executive functions of
the prefrontal cortex, improving the ability to anticipate
future outcomes and select adaptive behaviors in these
individuals (41). This non-invasive method can enhance
cognitive functions without the need for chemical drugs
and with minimal side effects, helping reduce risky be-
haviors in patients (42).

The study limitation includes the sample of men with bi-
polar disorder type II and heroin abuse, which limits the
generalizability of the results to other groups. Future re-
search is recommended to investigate the effectiveness of
tDCS in more diverse groups and compare it with other
treatment methods to better clarify the applications and

advantages of this approach.
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