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Abstract

Background

Recent studies reported that transcranial direct current stimulation (tDCS) applied over the
dorsolateral prefrontal cortex (DLPFC) reduced craving and cigarette smoking. We aimed to
evaluate whether 3 sessions of tDCS over the DLPFC modulate cigarette smoking which is
a critical factor in tobacco smokers.

Methods

In a double-blinded, sham-controlled, parallel experimental study, 22 participants who
wished to quit smoking received tDCS with the cathodal over the right DLPFC and anodal
over the left DLPFC based on the 10-20 EEG international system (F4, F3) at an intensity of
1.5 mA for 20 minutes during three consecutive days. For sham stimulation, the electrodes
placement was the same as for the active stimulation.

Results

For the short time interval (8 days after the end of the tDCS regimen), the number of smoked
cigarettes was reduced similarly in the active and sham groups (p < 0.001). Also, at the long
time-interval (4 months after the end of the tDCS regimen) as compared to pre-tDCS, there
was no significant difference in the number of smoked cigarettes in the active (p = 0.806) or
the sham (p = 0.573) groups. Overall, there were no statistically significant differences
between the active and sham tDCS groups on cigarette smoking.

Conclusion

These findings suggested that 3 sessions of tDCS over the right and left DLPFC may reduce
number of smoked cigarettes for short-time period but might not be significantly more effec-
tive than sham to decrease cigarette smoking.
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Introduction

Tobacco smoking is one of the leading causes of mortality and morbidity worldwide. Smoking
affects many systems in the body and causes serious and life-threatening conditions, such as
lung cancer, stomach cancer, oral cancer, cardiovascular diseases and osteoporosis [1-6].
According to the world health organization (WHO), tobacco smoking kills up to half of its
users, with an estimated 7 million deaths per year [7]. Tobacco users who die prematurely
deprive their families of income, raise the cost of healthcare and hinder economic development
[7]. It is a very complex disease for which treatment is still a challenge. It has been estimated
that, globally, smoking causes over 500 billion US dollars in economic damage each year [8]. In
Saudi Arabia, there are about six million smokers between the ages of 17 and 40 [9].

To quit smoking and maintain smoking cessation is not easy as tobacco dependence is a
cluster of behavioral, cognitive and physiological phenomena. The majority of tobacco smok-
ers who attempt to quit smoking fail to achieve their goal. Of these smokers, 51.1% have
attempted to quit smoking. Of the smokers who attempted to quite, 88% could not last a year
[10]. The high rate of relapse in smoking cessation is strongly induced by a craving for nicotine
[11].

Many methods include cognitive-behavioral therapies, nicotine-replacement therapies,
pharmaceutical treatments such as bupropion and varenicline [12] and combination of these
techniques [13] to help people quit smoking have been introduced in the past year; however,
despite the crucial importance for treatments to aid the cessation of smoking, favorable out-
comes have not been significant in the long term [14]. Some of the options that have been
explored are novel drugs to treat nicotine dependence, novel ways of using existing medicines
and increasing use of technology to support behavioral changes [15, 16].

The dorsolateral prefrontal cortex (DLPFC) is part of the brain network associated with
craving and smoking cue-reactivity [15, 16, 17]. Non-invasive brain stimulation methods like
repetitive transcranial magnetic stimulation (rTMS), a technique that can modulate focal corti-
cal activity showed significant reduction in smoking craving [18], food craving [19] and
cocaine craving [20] by applying to DLPFC. The DLPFC is also involved in risk taking and
decision making processes, processes that are impaired in smokers [21]. We decided to explore
whether modulating cortical activity in this area could change reduce in number of smoked
cigarettes using another noninvasive method of brain stimulation namely, transcranial direct
current stimulation (tDCS). tDCS is a safe, non-invasive brain stimulation technique that
functions by altering electrical cortical excitability [22]. tDCS has been used in many medical
experimental trials for the treatment of several diseases [23, 24] and for the control of addiction
[25, 26, 27] with an amplitude of (1.5-2 mA) being recommended for safety concerns [28].
More precisely, one session of tDCS or repeated sessions (5 or 10 session) of tDCS over the
right and left DLPFC can reduce cue-induced craving [27, 29, 30]. However, negative findings
on craving [31] and smoking [32] have also been reported. One hypothesis that can explain
these mixed findings is the number of tDCS sessions and follow-up of smoking outcome mea-
surements. We thus believe that there is a crucial need for studies investigating the effect of
repeated sessions of tDCS on smoking [33] and to measure smoking with longer follow-up
period.

In this study, we targeted the DLPFC using tDCS rather than rTMS for several reasons.
First, in this region, tDCS methods has not been studied, second offers an advantage in that
the scalp sensation associated with stimulation only lasts for a couple of seconds. Therefore, in
a sham-controlled trial, subjects can be adequately blinded to the condition they are receiving
[34]. Second, tDCS is a simple, safe and inexpensive technique and the device is highly
portable.
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We hypothesized that 3 sessions of tDCS applied over the right and left DLPFC will
decrease cigarette smoking in subjects who wished to quit. Based on results from a meta-analy-
sis showing that noninvasive brain stimulation may have greater effect on craving when target-
ing the right DLPFC [15], we choose to apply the anode over F4 and the cathode over F3. Thus
the aim of this study was to test whether tDCS, applied over the DLPFC (cathodal right /anodal
left), following a randomized, sham-controlled and double-blind study will modulate the num-
ber of cigarettes in tobacco smokers.

Methods
Study design

This study was a randomized, parallel experimental double-blind, sham-controlled in which
subjects received bilateral stimulation of DLPFC with tDCS: active cathodal right/anodal at F3
tDCS, and sham tDCS for three consecutive days. All session was performed at the same time
of the day with same researchers at a 24-h inter-session interval time. Participants and the eval-
uating investigators (except the investigators that applied tDCS) were blinded to the treatment
arm (Fig 1). Demographic data sheet were collected at baseline, which contains information
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Fig 1. Flow sheet of experimental diagram.

https://doi.org/10.1371/journal.pone.0212312.9001
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about the purpose of the study and potential side effects from the device, and recording smoked
cigarettes for the 7 days before the first day of stimulation. The following instruments of evalua-
tion were used: 1-For baseline assessment: (i) smoking diary; (ii) Fagerstrom Test for Nicotine
Dependence (FTND) questionnaire was filled to evaluate the addiction level for each subject
[35] (iii) tDCS side-effect questionnaire (side effect checklist) (iv) Subjects were assessed again
regarding their smoking diary (for seven days). 2-Subjects underwent tDCS treatment for 20
minutes for three days. 3-Post tDCS side-effect questionnaire after each tDCS session, smoking
diary during the 3 days of tDCS and after the tDCS regimen for 8 days (collected for a total of
18 days), as well as at follow-up (4 months after the end of the tDCS regimen).

Fig 1 shows work flow plan of experimental design and areas of stimulation.

Participants

A total of 22 male participants were recruited in the study. The safety of the participant was
considered before applying any stimulation. Thus, each subject was screened through the use
of a questionnaire before the first session [22]. Participants who were included were required
to have been a smoker (at least 10 cigarettes per day) for one year or more and to be aged 18
years or older and wished to quit smoking. Subjects were recruited from local population with
advertisement of study procedure. All subject did not have any psycho-educational help to
quit smoking in past. The participants were divided into active (n = 12) and sham (n = 10)
groups randomly by the operator. The mean age of the participants was 24.3 £ 5.03 years, and
the mean number of cigarettes smoked per day was 20 + 7.5 cigarettes (Table 1). As part of
our inclusion/exclusion criteria, the participants should have no history or family history of
neurological or psychological disorders, such as epilepsy, strokes or migraine. Additionally,
participants were excluded if they had any history of neurosurgical/maxillofacial procedures,
such as metal insertion or if they presented with any skin disorder at or near the stimulation
locations (where the electrodes were placed), such as eczema, rashes, or other skin defects.
Finally and as part of exclusion criteria, participants were instructed to declare during the
study if they are using any other nicotine products such as water-pipe and chewed tobacco.
This study was conducted in the Department of Physiology of the College of Medicine and
King Khalid University Hospital (KKUH), Riyadh. All procedures were conducted according
to the Declaration of Helsinki [36]. None of the participants have received any type of brain
modulation before. This project was approved by the Institutional Review Board (IRB) at King
Khalid University Hospital.

Smoking diary
Participants were given a calendar to record the daily number of smoked cigarettes 1 week
before the 1° day of stimulation. The number of daily smoked cigarettes was collected for the

Table 1. Demographic characteristics of 22 subjects.

Active (n=12) Sham (n = 10) P value
Age, mean (range) (SD) 24.3 (19-29) (5.30) 24.4 (19-29)(5.03) 0.98
Subjects who attempted to quit previously 8 8
Cigarettes smoked per day, mean (SD) 19.94 (7.15) 20.27 (8.96) 0.92
Years of smoking, mean (SD) 4.83 (4.19) 4.50 (4.47) 0.86
FTND score, mean (SD) 4.25 (2.00) 5.5(2.01) 0.16

Abbreviations: SD = Standard deviation, FTND = Fagerstrom Test for Nicotine Dependence.

https://doi.org/10.1371/journal.pone.0212312.t001
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seven days before stimulation which we considered to be their baseline (B1), the three days
during stimulation (S1, S2, and S3) and the eight days after the last session of stimulation
(P1-P8). Also the time between waking-up and smoking the first cigarette was recorded for the
same period. Then, after four months from the last stimulation (P9), we collected the mean
number of smoked cigarettes for 1 week to assess the long-term effect of tDCS.

Fagerstrom’s Nicotine Dependence Test (FNDT)

The level of nicotine dependence was assessed through the FTND questionnaire (S1 Table)
that was given to each subject prior to his first stimulation [35].

Adverse events assessment

Each subject was given an adverse event questionnaire that has been translated into Arabic
after each one of the three stimulation sessions which had the following questions (tingling,
itching sensation, burning sensation, neck pain, scalp pain, headache, fatigue, difficulties in
concentration, nervousness, sudden mood change, change in visual perception, unpleasant
sensation, visual sensation, nausea, drowsiness and weather the subject still feels the stimula-
tion or not)

Transcranial direct current stimulation (tDCS)

During the stimulation, participants remained seated in a comfortable chair. The StarStim 8 is
a noninvasive wireless t-DCS/EEG neurostimulator (NE Neuroelectrics, Barcelona, Spain). It
was used to deliver the direct current sequentially. The StarStim 8 neurostimulator includes a
wireless neoprene cap, based on the International 10-20 system, which was placed on the par-
ticipants” head by aligning the central CZ electrode position with the vertex (the intersection of
the nasion-inion and the inter-aural line mid-point). An 25-cm” sponge electrode (sponstim-
8) that is specific to the StarStimNE device (Pi electrodes, Neuroelectrics) was placed over the
right DLPFC at F4 (cathodal) and F3 (return electrode; Fig 1). The electrodes were connected
to a control box device, which was wirelessly connected to a computer and communicated
with the NIC software (version 1.2, Neuroelectrics). During cathodal stimulation, direct cur-
rent was delivered from a current-control circuit in the battery-driven stimulator within the
control box device. The current was set at 1.5 mA intensity and applied for 20 minutes. For the
sham stimulation, electrodes were placed in the same position and participants received a
short ramp up for 10-second at the beginning of the session and another 10-seconds ramp up
atend.

Data analysis

Data were analyzed using SPSS (IBM Corp. Released 2012. IBM SPSS Statistics for Windows,
Version 21.0. Armonk, NY: IBM Corp.).

A Shapiro-Wilk test score (p-value >0.05) and visual inspection for Histogram, Normal
Q-Q Plot and boxplot showed normal distribution for number of cigarettes smoked for both
active and sham groups, with skewness = 0.673 (SE = 0.616) and kurtosis = -0.177 (SE = 1.191)
for active group, and skewness = 1.392 (SE = 0.661) and kurtosis = 3.651 (SE = 1.279) for sham
group.

Numerical data was expressed as mean, median and standard deviation (SD). We used a
repeated measures analysis of variance in which the dependent variable was the number of
smoked cigarettes with Stimulation Group (active, sham) as between-factor and Time (B1, SI,
S2, S3, P-P8 and P9) as within-factor and interaction Group versus Time.
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The safety data were qualitative and the assumption of expected frequency being <20% was
not violated for tingling, itching, burning, headache, or feeling the stimulation on the right
side after taking off the electrodes. We used Pearson’s chi-square test for comparing the pres-
ence of these side effects before and after stimulation. As the expected frequency assumption
was violated for fatigue, difficulty in concentration, acute mode change, change in visual per-
ception, unpleasant sensation, unpleasant sensation in vision, nausea, drowsiness, and feeling
the stimulation on the right side after taking off the electrodes, we used Fisher’s exact test for
these side effects.

Two-tailed P values less than 0.05 were considered to be statistically significant. At the com-
pletion of the study, a total of 3 subjects were lost to attrition (2 dropouts after one session and
one dropout after two sessions of tDCS). Data that could not be obtained were handled as
missing at random.

Results

The demographic data of the participants are shown in Table 1. There was no statistical differ-
ence between the active and sham groups in terms of the number of cigarettes smoked per day
(p = 0.92), the number of years since smoking commenced (p = 0.86) and the FTND score (p =
0.16).

Cigarette intake

The first objective was to test whether the number of smoked cigarettes was reduced when the
participants received active stimulation compared to the participants that received sham stim-
ulation (Table 2). The ANOVA revealed a significant main effect of time (F = 3.605; p = 0.038;
N2 = 0.854), but no effect of Group (F < 0.01; p = 970; 12 < 0.001) and Time and Group inter-
action (F = 1.960; p = 0.024; n2 = 0.089). Interestingly, the number of smoked cigarettes was
significantly reduced in both the active and sham groups (before and after stimulation, p <
0.000, Fig 2). Furthermore, during the interval of 15 days (7 days before stimulation and 8
days after the last stimulation session), the active group showed a significant change in number
of smoked cigarettes after stimulation (p < 0.000). A change was also observed in the number
of smoked cigarettes in the sham group, with a significant difference between the number of
smoked cigarettes before and after stimulation (p < 0.000; Table 2). Moreover, there was no
statistically significant difference in the percentage reduction (defined as the average number
of smoked cigarettes post stimulation from day 11-18 divided by the average number of
smoked cigarettes from day 1-7 multiplied by 100) between the active and sham groups during
the interval of 6 days or 15 days (p = 0.76 and p = 0.649, respectively; Table 3). For the long-
term-follow-up, we could not detect any significant changes between the baseline number of

Table 2. Number of smoked cigarettes pre-stimulation and 11 post-stimulation.

Pre-stimulation (mean+SD) Post-stimulation (mean)
Active stimulation * 19.94+7.87 14.21+8.90***
Sham stimulation * 20.27+8.86 14.40+9.60***
Active stimulation ® 19.94+7.87 13.49+8.40***
Sham stimulation ® 20.27+8.86 13.7749.42%**

15 days’ follow-up.
6 days’ follow-up
*** = <0.000

https://doi.org/10.1371/journal.pone.0212312.t1002
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Fig 2. Daily number of smoked cigarettes before, during, after three days of stimulation, and after 4 months from
stimulation.

https://doi.org/10.1371/journal.pone.0212312.9002

smoked cigarettes before the stimulation and after the four-months follow-up in the active or
sham groups (p = 0.445 and p = 0.100 respectively; Table 4).

Side effects of tDCS

No subject dropped out of the study due to discomfort during the stimulation. The most fre-
quent side effects were tingling sensation, itching, burning sensation at the electrodes sites and
feeling of the stimulation on the left side after taking off the cap mostly in the active group
(Table 5).

Discussion

To the best of our knowledge, this is the first sham-controlled study that evaluates the effects
of 3 repeated tDCS sessions on smoking in adults with tobacco use disorders with a 4-month
follow-up. We found that 3 tDCS sessions significantly reduced cigarette smoking in a short
period following stimulation in the active as well as in the sham groups. The lack of significant
effect between active and sham tDCS on cigarette smoking is contrary to our hypothesis and
some previous studies measuring cigarette smoking [27, 29, 30]. These findings point out that
we did not reach the optimal effect to minimize smoking-cigarette in smokers who wish to
quit. This may be due to several factors, such as study design, stimulation parameters, and
studied population.

Previous study showed nicotine abusers demonstrated area of the anterior cingulate; amyg-
dala, insula, orbitofrontal and dorsolateral prefrontal cortex are associated with craving [14,
15]. As the effects of nicotine and other drugs might be connected to activity in mesolimbic

Table 3. Comparison of reduction percentage between active and sham.

Active mean (SD) Sham mean (SD) P value
Reduction % in 6 days 34.28 (35.52) 30.11 (25.83) 0.647
Reduction % in 15 days 30.83 (32.50) 36.27 (22.20) 0.753

Abbreviations: SD = Standard deviation

https://doi.org/10.1371/journal.pone.0212312.t1003
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Table 4. Comparing number of smoked cigarettes between mean number after 4 months of stimulation and before starting of stimulation / after stimulation.

Pre-stimulation Post-stimulation Mean after 4 months (SD)
Mean (SD) p value Mean (SD) p value
All smokers (n = 18) 20.1 (8.3) 0.57 13.65 (8.3) 0.01 21.5(11)
Active group (n = 10) 19.9 (7.3) 0.45 13.5(7) 0.01 21.6 (10.3)
Sham group (n = 8) 20.3 (10) 1.00 13.8 (10.1) 0.02 21.4 (12.7)

Abbreviations: SD = Standard deviation

https://doi.org/10.1371/journal.pone.0212312.1004

dopamine pathways [37], this impact explains the contribution of the DLPFC (through the
meso-fronto limbic connections).

Moreover, the use of a parallel design may have contributed to a stronger placebo effect as
compared to previous studies using a crossover design [30]. Indeed, a recent meta-analysis
investigated the impact of the study design on the placebo effect in noninvasive brain stimula-
tion studies and revealed a significant effect of placebo in parallel studies but not in crossover
studies [38]. The authors report [38] “that parallel design is a better approach than crossover
design in testing the efficacy of the treatment.” Indeed, placebo effects in parallel design may
represent some natural placebo responses, that would be more difficult to observe in crossover
design as subjects can compare effects between the active and sham conditions (e.g., itching
sensation related to tDCS). Subjects can still have such bias even when blinding assessment
reports no significant statistical differences. This highlights the importance of conducting
sham-controlled design, as well as blinding assessment with standardized questionnaire. Fur-
ther, subject’s expectations that the treatment will help them to quit before delivering the inter-
vention should be assessed to test whether this expectation level is linked to placebo responses.
Placebo responses have been consistently reported in trials using various treatments for smok-
ing cessation [39, 40]. Finally, inclusion of a no-treatment control in addition to a sham condi-
tion may provide insight on placebo responses in smokers that can involve several

Table 5. Number of the occurrence of the side effects between active and sham groups.

Total (n = 66) Condition p-value
Active (n = 36) Sham (n = 30)

Tingling* 13 4 9 0.057
Itching* 21 14 7 0.208
Burning sensation” 13 8 5 0.599
Headache* 12 5 7 0.320
Fatigue™* 3 4 0.695
Difficulty in concentration** 5 4 1.000
Sudden mode change** 10 4 6 0.335
Change in visual perception** 2 6 0.079
Unpleasant sensation™* 5 4 1 0.372
Unpleasant sensation in vision** 11 9 2 1.000
Nausea ** 2 2 1.000
Drowsiness ** 3 3 1.000
Feeling the stimulation on right side ** 10 8 2 0.105
Feeling the stimulation left side * 17 11 6 0.360

* Pearson Chi-Square test

** Fisher’s Exact Test

https://doi.org/10.1371/journal.pone.0212312.t005
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psychological factors including expectations, conditioning learning, memory, motivation
somatic focus, reward, anxiety reduction, and meaning [39].Our study is limited by the fact
that the sham group unfortunately had more drop outs. However, the link with the sham treat-
ment is unlikely since participants dropped out before receiving any tDCS session. In addition,
even though our study had the longest follow-up period among tDCS protocols for smoking
cessation, one month may be too short to overcome acute placebo effects. Another explanation
that may have contributed to the lack of significant findings for cigarette smoking is that the
primary outcome is prone to a bias of underreporting. The inclusion of other outcomes such
as latency to smoke or the total number of cigarettes smoked in one hour following the tDCS
session would have been relevant, as done in Falcone et al. study [31].

Our comparison was performed over three-time intervals; a short interval of three days
prior the stimulation and three days after stimulation, an intermediate interval of seven days
before the stimulation and eight days after the last stimulation, and finally a time point four
months after stimulation, which represents the long-time interval. Previous tDCS studies tar-
geting stimulation of dorsolateral prefrontal cortex (DLPFC) revealed behavioral changes in
healthy subjects [41, 42] and mood changes in patients with depression [43, 44].

We observed that there was a significant reduction in the number of smoked cigarettes dur-
ing the short and intermediate time intervals; however, a reduction in the number of smoked
cigarettes was not observed four-months after the stimulation period in either group.

The positive impact on smoking-reduction in the sham group, which appeared after the last
session of stimulation, could be explained by the “placebo effect”. This effect depends mainly
on two domains; a placebo-induced reaction and an interaction with the participant [45].
Moreover, the motivational effect, to which the participants were exposed prior and during
sessions of stimulation, may have influenced the placebo group to produce a positive response
to the placebo therapy as the placebo ritual was consistent with the person’s motives [46]. We
cannot rule-out whether these psychological influences drove the sham group to record similar
scores to the active group in our results. The present study aimed to promote smoking reduc-
tion by testing the role of a fundamental concept of decision-making proposed by Goldstein
and Volkow using a noninvasive brain stimulation approach [47]. However, tDCS so far has
shown variable effects on drug craving. A meta-analysis done by Jansen et al. (2013) showed
that neuromodulation targeting the DLPFC could reduce craving levels for different sub-
stances [48]. From this analysis, five studies targeted the DLPFC for nicotine smoking. They
showed a promising outcome with tDCS or rTMS on both the right and left sides. Fregni et al.
showed that, in tobacco smokers, stimulation of both the left and the right DLPFC using
anodal tDCS reduced the craving [18]. More recent studies have shown no effect when right
and left anodal stimulation was performed over the DLPFC when it was used to test nicotine
craving in smokers [32, 47, 49].

Moreover, since we recruited participants that showed high motivation in quitting smok-
ing, another explanation of the lack of significant findings is the pure placebo response that
could have mobilized the participants to pursue concomitant strategies to decrease smoking.
However, to reduce this possibility, we specifically asked participants not to use nicotine-
replacement strategies or medications for smoking-cessation during the protocol time course.

Boggio et al. demonstrated that bilateral tDCS decreased craving in alcoholics irrespective
of the polarity (anodal left/cathodal right or cathodal left/anodal right) over the DLPEC [22].
Actually, neuroimaging studies showed both side of DLPFC involved for alcohol craving [50,
51]. Therefore, stimulating be cathodal inhibition of either right or left DLPFC ruptured the
balance between the right and left DLPFC activity that might be normally necessary for craving
states. Support for this notion of balanced bilateral activation of DLPFC during craving states
has been shown in neuroimaging studies [15]. But Shahbabaie et al. found a state-dependent
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effect of anodal tDCS over the right DLPFC on methamphetamine craving [52]. Similar effects
were obtained using repetitive stimulation of a comparable protocol but with the cathode over
the left DLPFC and the anode over the right DLPFC, were a reduction in the probability of a
relapse to the use of alcohol over a 6-month follow-up was observed [53]. With cathodal left
and anodal right DLPFC stimulation, Fecteau et al. observed a decrease in the number of ciga-
rettes smoked by tobacco smokers [30].

The side effects most commonly reported are mild headache, tingling, itching, burning sen-
sation, and skin redness under the area of electrodes [2, 3, 11, 12, 19, 24]. Our results are in
line with these findings. However, we also found a low frequency of these side effects. In our
study, we did not find a significant difference in the amount of side effects reported between
the active and sham stimulation groups for any of the interventions.

Although we showed that DC stimulation of the prefrontal cortex reduces smoking reedu-
cation, further studies are needed to establish the use of tDCS as a viable clinical and therapeu-
tic application. One potential advantage of developing tDCS as an alternative therapeutic
strategy is the fact that the effects of tDCS are immediate. In addition, if tDCS does prove to
have clinical value, it has additional advantage because it is safe and has a low incidence of
only very mild adverse effects.

There are some limitations of this work. Although our sample size was larger than a lot of
the previous studies that have assessed the effect of tDCS on craving, there is a need to re-eval-
uate these findings with a larger sample. Second, the motivational factors to quit smoking
between the participants varied and this might have had an impact on the validity when we
compared the active stimulation with the sham stimulation. Thus, it is hard to judge whether
the reduction in the number of smoked cigarettes is because of the tDCS effect or because of
stronger motivation to quit smoking in some of the participants compared to the others,
which might be hard to accurately assess. Third, poor compliance during the follow-up was an
issue and led to the exclusion of 5 subjects. Finally, we cannot determine, based on our find-
ings, whether the effects of tDCS on reeducation of smoking cigarette were due to cathodal or
anodal stimulation (or combination of both). Future studies using different electrode mon-
tages and sizes are critical to explore this matter further. Altogether, this evidence suggests that
noninvasive brain stimulation might be an efficacious method to reduce different types of
craving and thus further investigation with studies including larger sample sizes and also eval-
uating the clinical benefits of this treatment are warranted. Finally, the misconception in soci-
ety about the device that as used in this study had its impact on the sample size that we
obtained.

Conclusions

In summary, we report that 3 sessions of tDCS applied over the right and left DLPFC reduced
cigarette smoking in smokers. However, these beneficial cognitive and brain modulations
were not sufficient to lead to a significantly higher decrease of cigarette smoking as compared
to sham. tDCS was found to be safe in smoker adults. No significant difference was found in
the frequency of side effects between the active and sham stimulation.

Despite the existing availability of tobacco addiction treatments, there are still smokers who
are unable to quit using standard pharmacological and behavioral therapies. Although brain
stimulation techniques suggested by other studies to be potentially useful treatment modality
for tobacco addiction, the results from this work suggest that modulation of the right DLPFC
through cathodal tDCS did not result in a significant difference between the active and sham
groups. However, the desire to improve function can impede our understanding of the role of
placebo effects. Placebo effects are well known in the context of medical interventions. In
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addition to the placebo effect, it may arise in any intervention when the desired outcome is
known to the participant. Thus, improving cognitive abilities via tDCS is a powerful lure, rais-
ing important questions about the role of placebo effects in such studies. The question of
whether reduction of smoking can be increased through stimulation has generated a lively sci-
entific debate. Despite the limitations; this is the first study that has attempted to evaluate the
effect of non-invasive brain stimulation on smoking cessation in the Middle Eastern region.
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