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ABSTRACT

Technology-based interventions, such as electrical brain stimulation may be effective in the
cognitive and personality processes of substance abusers, including nicotine dependents.

Received: 15 May 2022 ¢ [S9TEEE We conducted this study to investigate the effectiveness of transcranial alternating current
Accepted: 18 Apr 2023 © stimulation (tACS) using alpha frequency on inhibitory control and impulsivity in nicotine-dependent
¢ individuals.

Available Online: 01 Jul 2023
[VETTETEE We used a pre-test/post-test/follow-up quasi-experimental design with control and sham

groups. We selected 30 eligible nicotine addicts from Mashhad using the available sampling method and
randomly divided the subjects into three groups. We applied the intervention in eight sessions for 20
minutes in the dorsolateral prefrontal cortex for the first group, fake interventions for the second group,
and no intervention for the third group. The Fagerstrom questionnaire, Barrett impulsivity questionnaire,
and go-no-go task were used to collect data. After eight sessions, people’s inhibitory control and

Keywords: © impulsivity were evaluated and analyzed using multivariate analysis of covariance (MANCOVA). Also,
Dorsolateral after two months, we evaluated inhibitory control data with repeated-measures analysis of variance.
prefrontal cortex, (ST The effectiveness of alpha-tACS intervention on short- and long-term inhibitory control was
Impulsivity, Inhibitory significantly different in the experimental group compared to other groups (P=0.001). There was no
control, transcranial : significant difference between these three groups in impulsivity (P=0.700).

alternating current [@TTIMERT Alpha-tACS intervention effectively increases inhibitory control in nicotine-dependent
stimulation individuals but does not explicitly affect their impulsivity.
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Extended Abstract

Introduction

moking is one of the most important causes

of death worldwide, and at the same time,

it is challenging to avoid smoking [1]. Ex-

ecutive functioning is a psychological con-

struct that refers to higher-order cognitive

processes and self-regulatory processes that
coordinate thought and action [2]. A person addicted to
tobacco may have a defect in inhibition, one of the ex-
ecutive functions contributing to temptation and relapse
[3, 4]. Another higher-order cognitive process is deci-
sion-making, where finding and choosing options relies
on the decision-makers’ values and preferences [5, 6].
Decision-making problems form the core of impulsiv-
ity, a diagnostic criterion for many disorders, including
mania, personality disorders, substance use disorders,
and attention-deficit/hyperactivity disorder [7, 8]. There
are various interventions to promote cognitive processes,
including transcranial stimulation. Transcranial alternat-
ing electrical stimulation (tACS) is a method that could
be effective in improving and promoting inhibition and
impulsivity [9, 10]. In alpha-tACS, the frequency of the
input current is between 8 and 12 Hz, creating an active
mechanism to modulate the descending activities of the
cerebral cortex [12, 13]. In the prefrontal region, alpha
oscillations are associated with inhibitory processes and
goal-directed behavior in healthy individuals and adults
with substance abuse problems [14, 15]. This study inves-
tigated the effectiveness of alpha-tACS in the dorsolat-
eral prefrontal cortex (DLPFC) on nicotine dependents’
inhibitory control and impulsivity.

Methods

This semi-experimental research design had a pre-test,
post-test, and a two-month follow-up design with control
and sham groups. All right-handed men between 18 and
40 years in Mashhad with a strong nicotine addiction were
included in this study, of whom 30 people were randomly
assigned to three groups. Fagerstrom questionnaire, Bar-
rett impulsivity questionnaire, and go-no-go task were
used for the measurements.

The DLPFC region was stimulated with a stimulation
current of 2 mA using a double-channel transcranial elec-
trical stimulation device called NEUROSTIM?2. The sub-
jects received eight stimulation sessions of 20 minutes at
10 Hz, according to the alpha-tACS protocol.
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Results

In this study, the mean and standard deviation of the age
of the experimental group were 28.8 and 4.46, respec-
tively, those of the sham group were 30.2 and 4.81, and
those of the control group were 27.9 and 5.89 years. Ac-
cording to the statistical analysis, it can be concluded that
by controlling the effect of the pre-test, based on group
membership, there was a significant relationship in inhi-
bition accuracy (post-test) (P<0.004) and inhibition accu-
racy (follow-up) (P<0/003). Also, the effect size related to
the inhibition accuracy in the post-test and follow-up was
0.368 and 0.378, respectively. Also, post-test impulsivity
with a significance level of 0.6 showed that the interven-
tions did not significantly affect changes in this variable.

Discussion

To examine the effectiveness of alternating electrical cur-
rent stimulation in the dorsolateral prefrontal region on
cognitive components of inhibition and impulsivity in
people with severe nicotine dependence, alpha frequency
(10 Hz) was used in this study. Similar to previous find-
ings [15, 16], this study revealed that nicotine-dependent
people’s inhibition accuracy could be significantly af-
fected by 10 Hz alternating current stimulation. Despite
this, it does not significantly affect the speed of inhibition
or reduce impulsivity in these people. According to the
results, the effectiveness of electrical stimulation on im-
pulsivity was not confirmed. As Bell et al. pointed out, the
effects of electrical stimulation may depend on people’s
individual and personality characteristics [17]. Thus, the
results of this study on the effectiveness of electrical stim-
ulation on impulsivity are doubtful, and we need more
studies in this field.
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1. Inhibitory control

2. Risky decision makind

3. Transcranial Alternating Current Stimulation (TACS)
4, Transcranial Direct Current Stimulation (TDCS)

5. Alpha-tACS
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7. Barratt Impulsiveness Scale-11 (BIS-11)
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9. N-methyl-D-aspartate (NMDA)
10. Y-Aminobutyric acid (GABA)
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8. Positron emission tomography (PET)
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