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adjunctive treatment in tobacco use disorder: state of the
art and future prospects

La estimulacién transcraneal con corriente directa (tDCS)
como tratamiento coadyuvante en el trastorno por consumo
de tabaco: situacion actual y perspectivas de futuro

Ranil Espert-Tortajada, Marta Rebull-Monje and Marien Gadea-Doménech

Departamento de Psicobiologia, Facultat de Psicologia, Universitat de Valencia.
Unidad de Neuropsicologia, Hospital Clinico Universitario de Valencia.

Received: 24/02/2021 - Accepted: 05/03/2021

Abstract

Smoking is one of the world’s leading preventable causes of premature illness and death.
Nicotine is the pharmacological basis of addiction, and its dependence triggers a series of
psychobiological, behavioral and cognitive changes. There are several effective strategies to
help you quit smoking, but the long-term success rate is very low. Therefore, it is important
to explore and study new alternative techniques for the treatment of tobacco use disorder
(TUD), which can offer a greater variety of therapeutic resources and improve their results in
the clinical setting. Recent studies of transcranial direct current stimulation (tDCS), applied to
the dorsolateral prefrontal cortex (DLPFc), have shown promising results in reducing craving
and tobacco consumption. Its use is justified by its important role in the regulation of inhibitory
and reward control mechanisms (dopaminergic circuits), which are found to be dysfunctional
in patients with TUD. The findings suggest that tDCS applied to DLPFc may be an effective
technique as adjunctive therapy to help quit smoking. However, more research is needed and
therefore future proposals are outlined.
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Resumen

El tabaquismo es una de las primeras causas mundiales prevenibles de enfermedades y muer-
tes prematuras. La nicotina es la base farmacoldgica de la adiccién, y su dependencia desenca-
dena una serie de cambios psicobioldgicos, conductuales y cognitivos. Existen varias estrate-
gias efectivas para ayudar a dejar de fumar, pero el porcentaje de tasas de éxito a largo plazo
es muy bajo. Por lo tanto, es importante explorar y estudiar nuevas técnicas alternativas para
el tratamiento del trastorno por consumo de tabaco (TCT), que puedan ofrecer mas variedad
de recursos terapéuticos y mejorar sus resultados en el ambito clinico. Estudios recientes de
estimulacién transcraneal con corriente directa (tDCS), aplicada sobre la corteza prefrontal
dorsolateral (CPFDL), han mostrado resultados prometedores en la reduccién del craving
y el consumo de tabaco. Su uso se justifica por su papel importante en la regulacién de los
mecanismos de control inhibitorio y recompensa (circuitos dopaminérgicos), que se encuen-
tran disfuncionales en pacientes con TCT. Los hallazgos sugieren que la tDCS aplicada sobre
la CPFDL, puede ser una técnica efectiva como terapia coadyuvante paya ayudar a dejar de
fumar. Sin embargo, se necesita mas investigacion y, por ello, se describen propuestas futuras.

Palabras Clave
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Smoking is one of the world’s leading
preventable causes of premature disease
and death, represents a global epidemic
with more than seven million deaths each
year, and is a public health problem (World
Health Organization [WHQ], 2017). Nico-
tine is the pharmacological basis of addic-
tion and its dependence triggers a series
of psychobiological, behavioral and cogni-
tive changes. Tobacco Use Disorder (TUS),
according to DSM-V, is a chronic disorder
that occurs with relapses and is character-
ized by a compulsive search for tobacco,
which results in a loss of control in limiting
its consumption and in the appearance of a
negative emotional state when smoking is
stopped (American Psychiatric Association
[APA], 2013; Koob and Volkow, 2016).

Quitting smoking after a period of chronic

or intermittent use is very difficult. Nicotinic
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withdrawal syndrome represents a set of un-
pleasant symptoms (anxiety, irritability, frus-
tration, anger, depressed mood, restlessness,
difficulty for concentrating and / or insom-
nia) that appear when tobacco use is stopped
and that can precipitate relapse. Abstinence
is accompanied by cognitive, structural and
functional alterations typical of addictive dis-
orders, which can make it difficult to stop us-
ing. There are three motivational processes
that maintain addictive behavior: withdrawal
symptoms, craving (intense desire to con-
sume) and negative affect. Therefore, and
in order to offer effective treatments to
help people who want to quit smoking, and
to guarantee better long-term abstinence
rates, interventions should focus on alleviat-
ing these symptoms. In this sense, craving is a
very important target of intervention, since it
is one of the most frequent causes of relapse.
However, current therapies based on psy-
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chopharmacology and psychology (cognitive-
behavioral therapy) show limitations to ad-
equately control the intense desire to smoke.

Smoking cessation has many health and
quality of life benefits. Currently, there are
several strategies to help quit smoking that
are combined according to the degree of
dependency and motivation of each person:
cognitive behavioral therapy, nicotine replace-
ment treatments (gum, patches, nasal spray,
oral inhaler or nicotine lozenges) and drug
treatments such as Bupropion and Varenicline.
These treatments have been shown to be ef-
ficient and effective for smoking cessation
(evidence A), but unfortunately relapse is still
a very common phenomenon. Most smokers
who quit with the help of drugs and psycho-
therapy relapse within the mean period of one
year (Szasz, Szentagotai & Hofmann, 2012).
Furthermore, despite the fact that pharma-
cological treatments show promising effects
in the treatment of nicotinic addiction, it is
known that in many people they present un-
pleasant adverse effects (insomnia, digestive
problems or headaches, among others). On
the other hand, it can be said that their mecha-
nism of action on receptors is nonspecific and,
consequently, they cannot achieve a localized
intervention to address the underlying altered
brain processes that facilitate relapse. There-
fore, it is important to explore and study new
alternative techniques for the treatment of
TUD that can offer a greater variety of thera-
peutic resources and improve its results, since
the percentage of long-term success rates is
very low in people who try to stop smoking
(Chawla and Garrison, 2018).

Transcranial direct current stimulation
(tDCS) is a non-invasive neuromodulation
technique that, through electrodes placed
on the scalp, applies a small electrical current

I

(1-2 mA) to a specific area of the brain, thus
modulating the action potential of the rest-
ing membrane of cortical neurons. It consists
of two poles, the cathode, which causes a
decrease in cortical excitation due to the hy-
perpolarization of neurons, which decreases
their firing probability, and the anode, which
results in an increase in cortical excitability
because it favors depolarization below the
threshold, which increases the probabil-
ity that neurons will increase the firing rate
(Zhang et dl., 2019). The place of application
of the electrodes, the power, the time and
the direction of the current are programmed
according to the pathology to be treated and
its neurophysiological substrate. Specifically,
the location is determined according to the
Jasper international 10/20 system for the ap-
plication of extracranial electrodes.

For decades, the tDCS technique has been
widely used in neuroscientific research and in
the evaluation and treatment of various neu-
rological and psychiatric disorders such as ad-
dictive disorders, major depression or Alzhei-
mer’s disease. This is a safe technique, since
no relevant side effects have been reported
so far. Those that have been described are
rare and mild, such as a slight itch on the scalp,
local heat below the electrode or a slight
burning sensation. Rarely, small skin lesions
or behavioral effects have been documented
(Antal et al., 2017; Matsomoto and Ugawa,
2017). In addition to being safe, tDCS shows
more advantages: it is non-invasive, cheap,
accessible and easy to apply by expert pro-
fessionals. Therefore, due to its qualities and
characteristics, tDCS is a technique with very
promising potential that, in our opinion and
given our experience, is worth exploring.

The objective of tDCS in the treatment
of addictive disorders is to modulate cortical
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excitability and improve the activity of neural
circuits associated with cognitive control and
craving, in order to reduce the problems as-
sociated with addiction (Zhao et al., 2017).
In other words, the use of tDCS in the ap-
proach to addictive disorders is justified by its
important role in regulating the inhibitory and
reward control mechanisms (dopaminergic
circuits), which are found to be dysfunctional
in patients with TUD. To date, the majority
of published studies on substance use disor-
ders have chosen neuromodulation of the
dorsolateral prefrontal cortex (PFDLc) as a
strategy to minimize addictive symptoms of
nicotine. The PFDLc is involved in TUD along
with a complex brain network that includes
the amygdala and the medial prefrontal cor-
tex. CPFDL is an area of the brain linked to
cognitive control and executive functions,
making it a good therapeutic target to help
people quit smoking. Indeed, this region has
shown in previous studies a benefit in the
cognitive control of executive functions such
as inhibitory control, attention and cogni-
tive inhibition. For example, Loughead et al.
(2015) observed that the hypoactivity in the
PFDLc related to the working memory pre-
dicted the relapse in 81%, beyond the clinical
and performance measures.

The evidence supports the relevance of
PFDLc in relapse to TUD. Functional neuro-
imaging studies in patients with TUD indicate
that PFDLc is significantly dysfunctional com-
pared to the control group, since they show
less activation and dysfunctional connectivity
in the executive control network, which trans-
lates into greater difficulty in stopping the urge
smoking and postponing its reward (Goldstein
& Volkow, 2012). PFDLc also mediates behav-
iors reactive to cues associated with tobacco
use. In people with TUD, all these networks
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have been affected, which interferes in the
decision-making process and is related to the
assumption of risky behaviors (Engelmann et
al.,, 2012). There are Functional Magnetic Res-
onance (fMRI) studies, such as the one by Yang
et al. (2017), who have shown generalized
changes in connectivity after the application of
tDCS, due to the fact that the PFDLC is widely
connected, structurally and functionally, with
other areas of the brain. Therefore, another
alternative hypothesis is that tDCS alters the
functional connectivity between PFDLc and
other brain regions involved in addictive dis-
order, which would mean that tDCS not only
has local effects, but also produces network
changes related to the connectome human
brain (Fox et al., 2014).

Most of the published tDCS studies on
CPFDL in people with TCT have shown
promising results in reducing craving and to-
bacco use (Fregni et al, 2008; Boggio et dl.,
2009; Fecteau et al., 2014; Meng et al., 2014;
Falcone et al., 2016). Specifically, Fecteau et
al. (2014) found that only 5 sessions, with
the anode placed on the right PFDLc and the
cathode on the left PFDLc, reduced craving
and the number of cigarettes smoked until
at least four days after the last tDCS session.
Given that PFDLc is associated with execu-
tive functions and the attribution of salience
to stimuli, these authors hypothesized that
one of the beneficial effects of tDCS on nico-
tinic dependence could be the improvement
of the control of impulsive and risky behav-
ior, which it would allow making more func-
tional decisions related to smoking behavior,
that is, that smokers would gain greater self-
control. Along the same lines, our research
team recently carried out a study (pending
publication), in which we applied 10 repeated
sessions of tDCS at 1.5 mA for 20 minutes
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on PFDLc in people with TUD (cathode F3
and anode F4). The results have shown a
significant reduction in nicotine dependence,
in the number of cigarettes smoked and in
the levels of carbon monoxide (CO) in the
exhaled air. Additionally, we have observed
a significant improvement in motivation and
perceived self-efficacy to quit smoking. In this
sense, the interaction between the effects of
tDCS and motivation could support the no-
tion that the main effect of tDCS could be
mediated by higher-order cognitive function-
ing (Vitor de Souza et al., 2018).

A recent meta-analysis carried out by
Chen et al. (2020) has evaluated the effect
size of tDCS on craving in substance use and
eating disorders. They included, out of a total
of 32 studies, 25 investigations of tDCS and
addictive disorders, of which 8 were specific
to TCT. The results showed a significant mean
effect size in favor of the benefits of tDCS
over the placebo group, that is, they found
a significant decrease in post-tDCS craving
and an increase in quality of life compared to
the control group. In the same vein, another
recent systematic review and meta-analysis
(Kang, Kim and Kim, 2019), studied the ef-
fects of tDCS on CPFDL in people with TCT.
After analyzing 12 studies with a total sample
of 392 people who wanted to quit smoking,
they concluded that this technique can be a
good strategy to reduce addiction symptoms
to nicotine. The results of the meta-analysis
showed significant beneficial changes in cue-
induced craving and smoking rate in the tDCS
group. Indeed, Lefaucheur et al., (2017) state
that brain neuromodulation therapy for sub-
stance use disorders using tDCS in the CP-
FDL (cathode on the left front and anode on
the right side) has reached a level of evidence
B, which means that it is probably effective.

I

In summary, the conclusions derived from
previous studies support the following hy-
potheses as the main possible mechanisms
for reducing craving: 1) the tDCS neuro-
modulation of PFDLc induces and regulates
neuronal plasticity, which could favor greater
cognitive control; 2) the stimulation of PFDLc
produces an activation in the dopaminer-
gic pathways of the reward systems that, in
turn, regulate the membrane potential of
the pyramidal cells that alter glutamate tone
and that, simultaneously, correlate with the
release of GABA that contributes to greater
plasticity. In conclusion, the evidence indicates
that tDCS improves TUD symptoms with a
decrease in craving and tobacco use. Further-
more, the results suggest that the application
of tDCS in PFDLc may be a good objective to
reduce craving and tobacco consumption and
increase motivation and self-efficacy to quit
smoking. Therefore, tDCS could be a useful
technique as an adjunct treatment in smok-
ing cessation interventions. However, more
studies investigating the interaction between
the effects of nicotine and tDCS are needed
to find the optimal treatment strategy.

Regarding future directions, it would be
interesting for future research to take into
account the following proposals in order to
consolidate the potential positive effects of
tDCS on TUD: 1) Increase the sample; 2)
Stratify the protocols to improve the compa-
rability of the results obtained in the investiga-
tions; 3) Study alternative neuromodulation
protocols; 4) Include neuroimaging studies
to identify the mechanism of action of tDCS,
specifically to see which are the modulated
neuronal substrates associated with the de-
crease in craving and tobacco consumption;
5) Include other quantitative measures to
evaluate the efficacy of tDCS on addictive

Revista Espaiiola
de

46 (1) 2021

Drogodependencias

17



18

%’runscmnial direct current stimulation (tDCS) as adjunctive treatment in tobacco use disorder...

/

behavior; 6) Propose the simultaneous use
of standardized tasks to know their effect
on the activation of cognitive control circuits
during neuromodulation; 7) Investigate which
modulating variables influence the effect of
tDCS on TUD intervention; 8) Conduct lon-
gitudinal study designs to study the effects of
repeated or prolonged exposure of tDCS;
9) Include studies that combine tDCS with
cognitive-behavioral treatment or drugs, as it
could enhance the beneficial effects of tDCS;
|0) Study the potential use of tDCS at home
under the supervision of a specialist. Regard-
ing this last point, a guide has recently been
published for the supervision by research-
ers of this technique applied at home with
patients, in order to increase adherence to
treatment, increase the number of sessions
or carry out experimental designs ABAB
(Leigh et al., 2020).

Systematic research with tDCS in the clini-
cal setting began in a decisive way from 2010
(although the technique began to be used
in 2000), so we only have a little more than
|0 years of studies that demonstrate its ef-
ficacy and safety in the TUD. Given the pre-
vious experience with Transcranial Magnetic
Stimulation (TMS) and the growing scientific
evidence, we have no doubt that sooner or
later the FDA (Food and Drug Administra-
tion), the European Medicines Agency (EMA)
and, finally, the AEMPS (Agencia Espanola de
Medicamentos y Productos Sanitarios) will
end up approving and regulating the clini-
cal use of this cheap, safe and easy-to-apply
neuromodulation technique that promises
to be an ideal adjuvant for current therapies
approved for TUD. One of the challenges
we are currently facing with this technique is
to resolve the question of how long the ef-
fects of this technique last and how often a

Revista Espaiiola

recall session would have to be administered.
Meanwhile, dozens of researchers and labo-
ratories around the world continue their ef-
forts to demonstrate through evidence the
utility of tDCS in TUD.
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