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Background: Technology-based interventions such as electrical brain stimulation may be effective
in the craving and absolute power of the alpha wave of substance abusers, including nicotine
dependents.

Aims: We conducted this study to investigate the effectiveness of transcranial alternating current
stimulation (tACS) using alpha frequency on craving and absolute power of the alpha wave in
nicotine-dependent individuals.

Methods: We used a pre-test/post-test quasi-experimental design with control and sham groups. We
selected 30 eligible nicotine addicts from Mashhad city in the spring of 2022 using the available
sampling method and randomly divided the subjects into three groups. We applied the intervention
in 8 sessions for 20 minutes in the dorsolateral prefrontal cortex for the first group, sham interventions
for the second group, and no intervention for the third group. We collected experimental data with
the Fagerstrom Questionnaire (FTQ,1991), Quantitative Electroencephalogram (QEEG) and the
craving use drugs questionnaire (Franken,2008). After eight sessions, we evaluated those people's
craving and absolute power of the alpha wave and analyzed the results using multiple covariance
analysis. The data was analyzed by multivariate analysis of variance and by SPSS 19 software.
Results: The effectiveness of Alpha-tACS intervention on short-term craving and absolute power of
the alpha wave was significantly different in the experimental group compared to other groups
(P=0.001).

Conclusion: Alpha-tACS intervention effectively reduce craving,increase absolute power of the
alpha wave in nicotine-dependent individuals.
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Introduction

Smoking is one of the most important causes of death
worldwide, and at the same time, it is challenging to
avoid. Drug craving is defined as an urge to continue
substance abuse. (Fagerstrom.,2002)Drug dependents
use different terms to express their subjective feeling
of craving.. Drug craving is disturbed in people
addicted to tobacco, which may be defective. It is the
basis of relapse in addicts. (Jansen et al.,2013)
Various research shows that the induction of alpha
waves in the Dorso Lateral PreFrontal
Cortex(DLPFC) area can reduce cravings. (Paulus et
al.,2011) Induction of this wave in these areas can
increase Inhibitory control and purposeful behavior.
Many researches have used alpha wave induction in
these areas. (Bu et al.,2016) As a result, alpha wave
induction in these areas can increase the absolute
power of alpha wave in the DLPFC area. (Chib et
al.,2013) There are various interventions to promote
better Craving. One of these interventions is
transcranial stimulation. The use of transcranial
alternating electrical stimulation (tACS) is a method
that can be effective in improving and promoting
Craving. (Pandey et al.,2016) In Alpha-tACS, the
input current frequency to the brain is adjusted
between 8 and 12 Hz. Oscillations in the alpha-
frequency band (8-12 Hz) represent an active
mechanism to modulate the descending activities of
the cerebral cortex. In the prefrontal region, alpha
oscillations are related to inhibitory processes that is
basis of Craving. (Herrmann et al.,2013) This study
aims to investigate the effectiveness of Alpha-tACS
stimulation on the Craving and Alpha wave Absolute
power of the Frontal Region in nicotine dependent
individuals.

Method

This study was conducted in a semi-experimental
research design with a pre-test, post-test, plan with a
control and sham group. The statistical population of
this study included all right-handed men between the
ages of 18 and 40 in Mashhad who had a strong
nicotine addiction. These people included 30 people
who were selected as available and randomly divided
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into three groups. Measurement tools include the
Fagerstrom  Questionnaire (FTQ), Quantitative
Electroencephalogram (QEEG) and craving use
drugs questionnaire.

This research used a double-channel transcranial
electrical stimulation device with the brand name
NEUROSTIM2 to apply a stimulation current of 2
mA in the DLPFC region. The stimulation was a 10
Hz alternative current, and in this way, the so-called
Alpha-tACS protocol was applied to the subject
during eight sessions of 20 minutes. After eight
sessions, we evaluated those people's craving and
absolute power of the alpha wave and analyzed the
results using multiple covariance analysis. The data
was analyzed by multivariate analysis of variance and
by SPSS 19 software.

Results

In the present study, the mean and standard deviation
of the age of the experimental group were 28.8 and
4.46, respectively, the sham group was 30.2 and 4.81,
and the control group was 27.9 and 5.89. According
to the statistical analysis, it can be concluded that by
controlling the effect of the pre-test, based on group
membership, there is a significant relationship in the
variables of Craving and absolute power of alpha
wave (post-test) (P<0.001) and. Also, the effect size
in the Craving variable and absolute power of alpha
wave in the post-test is 0.375.

Table 1. Summary of the results of multivariate covariance
analysis for comparing the post-tests of the research variables in
the experimental and control groups and sham group
Effect  Value F P Effect Size

Pillais 0/67 3/05 0/03 0/18

According to the following information and
performing a multivariate test, brain electrical
stimulation intervention was generally effective on at
least one of the performed variables (P= 0.019). Due
to the low sample size, our emphasis is on the Pillai
test.
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Table 2. Results of one-way analysis of covariance in Mankova text for comparing post-tests with pre-tests in test and control groups and

sham group
Effect Dependent variable Mean squared F P n?
Craving 84/1 65/97  0/001  0/39
group  absolute power of the alpha wave F3 86/52 5/82 0/003  0/38
absolute power of the alpha wave F4 58/50 5/86 0/003  0/35

According to the results of the above table, it can be
concluded that by controlling the effect of the pre-
test, based on the group membership in the craving
variables (post-test) (P=0.001), absolute alpha power
at point F3 (P= 0.003) and absolute alpha power
There is a significant relationship at point F4
(P=0.003). Also, the effect size in 3 variables is equal
to 0.39, 0.38 and 0.35 respectively.

Conclusion

In this study, people with severe nicotine dependence
were treated with alternating electrical current
stimulation of alpha frequency (10 Hz) in the
dorsolateral prefrontal region to investigate this
intervention's effectiveness on the Craving and
absolute power of alpha wave in them. This study
showed that, in line with the earlier findings,
alternating current stimulation at a frequency of 10
Hz could significantly affect the Craving and absolute
power of alpha wave of nicotine-dependent people.
alternating electrical current stimulation of alpha
frequency can increase the activity level of
dorsolateral prefrontal area with this kind of changes
in the dorsolateral prefrontal area which was our
concern and as a result improve various cognitive
processes including inhibition and as a result craving.
In addition, the type of electrical stimulation
performed was of the alpha frequency type, and the
absolute increase of the alpha frequency in this area
can speed up the improvement of cognitive processes,
including inhibition. In confirmation of the results of
the present research, a study also showed that
stimulation with alpha wave increases the absolute
power of this wave (Vossen et al., 2015). However,
the results in this field are contradictory. For example,
in a research (Camprodon et al., 2007). It was shown
that stimulating the right DLPFC and not the left with
alpha waves reduces cravings in cocaine users. On the

other hand, an important research showed that the
induction of alpha waves on the left side reduces the
craving for drugs. (Pripfl et al., 2014) In this research,
the aim was to stimulate both the right and left
DLPFC regions and examine the change in the
absolute power of alpha waves, and it is not clear
whether the reduction in cravings is due to the
induction of alpha waves on the right or left side.
Therefore, we need more research in this field.

This study, like other studies, has limitations. All the
subjects in this study were male and female subjects
that were not included in this study. It is better to use
female subjects in future research. Also, in this
research, available sampling method was used. As a
result, caution should be exercised in generalizing the
results.
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