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Introduction
Tobacco smoking is one of the leading causes of
mortality and morbidity worldwide. It affects many
systems in the body and causes serious and lifethreatening conditions like 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 estimation of 7 million death per
year. Tobacco users who die prematurely deprive their
families of income, raise the cost of healthcare and
hinder economic development (7). It has been
estimated that, globally, smoking causes over 500
billion US dollar in economic damage each year (8). In
Saudi Arabia, about six million smokers are between
the age of 17 and 40 (9). 51.1% of them attempted to
quit smoking. 88% of whom tried to quit could not last
a year or more (10).
Most tobacco smokers who attempted to quit smoking
fail to achieve such goal. The high rate of relapse in
smoking cessation is strongly induced by craving for
nicotine (11). Despite this crucial importance, many
methods have been introduced in the past years to help
people quit smoking, but unfortunately, favorable
outcomes of accepted treatments have not been
significant in the long run. These include new drugs to
treat nicotine dependence, new ways of using existing
medicines and increasing use of technology to support
behavioral changes (12). Trans-cranial direct current
stimulation is a safe noninvasive brain stimulation
technique that functions by electrical cortical
excitability (13). It has been used in many medical
experimental trials for treating some diseases (14,15)
and control addiction (16–18). While few studies have
applied transcranial direct current stimulation (tDCS)
to smoking addiction, existing work suggests that it is a
promising technique for smoking cessation by
increasing the dorsolateral prefrontal cortex (DLPFC)
activity and integrity. (19). So, we hypothesized that
tDCS over the DLPFC might be a promising
therapeutic approach to treat nicotine dependence.
The goal of this study was to test whether tDCS
applied over the DLPFC modulate nicotine intake in
tobacco smokers.

Objectives
1. To determine the effect of transcranial direct
current stimulation on smoking craving during 3 days
successive sessions.
2. To explore the effects of transcranial direct current
stimulation on cognition and safety aspects by using
CANTAB and adverse events questionnaire.

Methodology
Study design: The study was a double-blinded shamcontrolled experimental trial. First, each subject signed
a written informed consent. Then, Fagerstrom Test for
Nicotine Dependence (FTND) questionnaire was filled
to evaluate the addiction level for each subject. After
that, each subject took the test of Cambridge
Neuropsychological Test Automated Battery
(CANTAB) to assess his cognitive function. And then
the subject received transcranial direct current
stimulation over the dorsolateral prefrontal cortex for
three consecutive days. After each session the subjects
took a questionnaire for potential side-effects. After
finishing the third session each subject underwent
CANTAB test again to assess the cognitive function
after the stimulation.
Participants: Twenty-two male subjects took part in
the study, with mean age was 24.4 years. Participants
were randomized into the following two groups: active
tDCS group, 12 participants; sham tDCS group, 10
participants.
Study design: The study was a double-blinded shamcontrolled experimental trial. First, each subject signed
a written informed consent. Then, Fagerstrom Test for
Nicotine Dependence (FTND) questionnaire was filled
to evaluate the addiction level for each subject.
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After that, each subject took the test of Cambridge
Neuropsychological Test Automated Battery
(CANTAB) to assess his cognitive function. And then
the subject received transcranial direct current
stimulation over the dorsolateral prefrontal cortex for
three consecutive days. After each session the subjects
took a questionnaire for potential side-effects. After
finishing the third session each subject underwent
CANTAB test again to assess the cognitive function
after the stimulation.
Inclusion and exclusion criteria: Inclusion required
subjects to be cigarette smokers who are willing to quit
smoking. Subjects must be at the age of 18 years or
older. With no history of neurological or psychological
disorders such as epilepsy or strokes or any previous
head surgeries. Participants were excluded if they
presented with any skin disorder at or near stimulation
locations (where electrodes are placed), such as
eczema, rashes, or other skin defects.
Transcranial direct current stimulation ( tDCS ):
Small electrodes, were placed over the right DLPFC at
F4 (cathdoal) and area, (F3; return electrode). During
cathdol stimulation, direct current was delivered from a
current-control circuit in the battery-driven stimulator
within the control box device. The current was set at
1.5mA intensity and applied for 20 minutes for 3
consecutive days. For the sham stimulation, electrodes
were placed in the same position and participants
received a short ramp up (20sec total up / down) at the
beginning and end of the stimulation period.
Cognitive function assessment
We performed a brief battery of cognitive testing
assessing attention and working memory to evaluate
whether the cortical stimulation can affect the
cognitive functions such as (1) Pattern recognition
memory (PRM); (2) Attention switching task (AST)
before the first and after the last session. Each subject
performed a training session in order to get familiar
with the tests. Subjects were familiarized with the
cognitive function tests for the first time by the
investigators.
Evaluation of Adverse Effects:
In addition all subjects completed the Transcranial
Direct Current Stimulation Adverse Effects
Questionnaire at the end of each session to evaluate
potential common adverse effects of tDCS such as
headache, neck pain, tingling, skin redness at the site
of stimulation that are reported as the most common
adverse effects of tDCS. This form also allowed us to
investigate other side effects not tested there.

Wilcoxon signed-rank test was used because the data
have two samples (pre-stimulation & post-stimulation)
with repeated same measure (number of smoked
cigarettes) and the sham was not normally distributed.
We compared between the two groups in three different
time intervals; 6 days and 18 days. In the 6 days’
interval (3 days before stimulation and 3 days
following stimulation), the number of smoked
cigarettes was reduced similarly in active as well as in
sham group with significant difference between before
and after stimulation (p=0.007). Furthermore, when
18-days data were compared (7 before and 10 after the
first session of stimulation), the active group showed a
significant change after stimulation (p=0.004). This
change is also notable in the sham group with a
significant difference between before and after
stimulation (p=0.005). Moreover, there is no
statistically significant difference when we compared
the reduction percentage between the active and sham
groups in 6 days’ interval or 18 days’ interval with
(p=0.76) and (p=0.649) respectively.

Conclusion
Despite existing availability for tobacco addiction
treatments, there are still smokers, who are unable to
quit with standard pharmacological and behavioral
therapies. Brain stimulation techniques represent novel
and potentially useful treatment modalities for tobacco
addiction. However, our results from this work suggest
that modulation of right DLPFC with cathodal tDCS
did not show a significant difference between active
and sham groups. Despite the limitations; this is the
first study trying to evaluate the effect of non-invasive
brain stimulation on the smoking cessation in the
middle eastern region.

References
1. Kõks G, Fischer K, Kõks S. Smoking-related general and cause-specific
mortality in Estonia. BMC Public Health. 2018 Dec;18(1):34.
2. Li J, Yang F, Li X, Zhang M, Fu R, Yin X, et al. Characteristics, survival,
and risk factors of Chinese young lung cancer patients: the experience from
two institutions. Oncotarget. 2015 Jul;
3. Ellison-Loschmann L, Sporle A, Corbin M, Cheng S, Harawira P, Gray M,
et al. Risk of stomach cancer in Aotearoa/New Zealand: A Māori population
based case-control study. Behrens T, editor. PLoS One. 2017
Jul;12(7):e0181581.
4. Mahapatra S, Kamath R, Shetty B, Binu V. Risk of oral cancer associated
with gutka and other tobacco products: A hospital-based case-control study. J
Cancer Res Ther. 2015;11(1):199.
5. Lee W, Hwang S, Choi H, Kim H. The Association Between Smoking or
Passive Smoking and Cardiovascular Diseases using a Bayesian Hierarchical
Model: Based on the 2008-2013 Korea Community Health Survey.
Epidemiol Health. 2017 Jun;e2017026.
6. Ayo-Yusuf O, Olutola B. Epidemiological association between
osteoporosis and combined smoking and use of snuff among South African
women. Niger J Clin Pract. 2014;17(2):174.
7. WHO | Tobacco. WHO. World Health Organization; 2017;
8. Ekpu VU, Brown AK. The Economic Impact of Smoking and of Reducing
Smoking Prevalence: Review of Evidence. Tob use insights. 2015;8:1–35.
9. Isa MM, El-Sabbagh OI. Alert Addiction among Young Students in Taif
City in Western Area of Saudi Arabia. Int J Sci Res Publ. 2014;4(1):2250–
3153.
10. Gallus S, Bosetti C, Chatenoud L, La Vecchia C, Saeedi M Al,
Basulaiman M, et al. Long live the Italians! Prev Med (Baltim). BioMed
Central; 2015 Jan;70(1):76–7.
11. Baker TB, Brandon TH, Chassin L. Motivational influences on cigarette
smoking. Annu Rev Psychol. 2004;55:463–91.
12. Zwar NA, Mendelsohn CP, Richmond RL. Supporting smoking
cessation. BMJ. 2014;348.
13. Bikson M, Datta A, Elwassif M. Establishing safety limits for
transcranial direct current stimulation. Clin Neurophysiol. NIH Public
Access; 2009 Jun;120(6):1033–4.
14. Meron D, Hedger N, Garner M, Baldwin DS. Transcranial direct current
stimulation (tDCS) in the treatment of depression: Systematic review and
meta-analysis of efficacy and tolerability. Neurosci Biobehav Rev. 2015
Oct;57:46–62.
15. Brunoni AR, Shiozawa P, Truong D, Javitt DC, Elkis H, Fregni F, et al.
Understanding tDCS effects in schizophrenia: a systematic review of clinical
data and an integrated computation modeling analysis. Expert Rev Med
Devices. 2014 Jul;11(4):383–94.
16. Boggio PS, Sultani N, Fecteau S, Merabet L, Mecca T, Pascual-Leone A,
et al. Prefrontal cortex modulation using transcranial DC stimulation reduces
alcohol craving: A double-blind, sham-controlled study. Drug Alcohol
Depend. 2008;92(1–3):55–60.
17. Batista EK, Klauss J, Fregni F, Nitsche MA, Nakamura-Palacios EM. A
randomized placebo-controlled trial of targeted prefrontal cortex modulation
with bilateral tDCS in patients with crack-cocaine dependence. Int J
Neuropsychopharmacol. 2015;18(12):1–11.
18. Fregni F, Liguori P, Fecteau S, Nitsche MA, Pascual-Leone A, Boggio
PS. Cortical stimulation of the prefrontal cortex with transcranial direct
current stimulation reduces cue-provoked smoking craving: A randomized,
sham-controlled study. J Clin Psychiatry. 2008;69(1):32–40.
19. Fraser PE, Rosen AC. Transcranial Direct Current Stimulation and
Behavioral Models of Smoking Addiction. Front Psychiatry. 2012;3:79.

Graphs & Tables

Data analysis
Data was analyzed using SPSS (IBM Corp. Released
2012. IBM SPSS Statistics for Windows, Version 21.0.
Armonk, NY: IBM Corp.). Categorical data was
expressed as absolute numbers and percentages.
Numerical data was expressed with mean, median and
standard deviation (SD). Two-tailed P values less than
0.05 were considered statistically significant.

Results:
Wilcoxon signed-rank test was used because the data
have two samples (pre-stimulation & post-stimulation)
with repeated same measure (number of smoked
cigarettes) and the sham was not normally distributed.
We compared between the two groups in three different
time intervals; 6 days and 18 days. In the 6 days’
interval (3 days before stimulation and 3 days
following stimulation), the number of smoked
cigarettes was reduced similarly in active as well as in
sham group with significant difference between before
and after stimulation (p=0.007). Furthermore, when
18-days data were compared (7 before and 10 after the
first session of stimulation), the active group showed a
significant change after stimulation (p=0.004). This
change is also notable in the sham group with a
significant difference between before and after
stimulation (p=0.005). Moreover, there is no
statistically significant difference when we compared
the reduction percentage between the active and sham
groups in 6 days’ interval or 18 days’ interval with
(p=0.76) and (p=0.649) respectively.
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