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Abstract:  
Background: Binge Eating Disorder (BED) is a psychiatric disorder that has several medical and social consequences. 
Cognitive Behavioral Therapy (CBT) is the reference treatment, but presents significant dropout rates and elevated 
failure of therapeutic response. Therefore, new therapies targeting Central Nervous System (CNS) modulation, such as 
transcranial direct current stimulation (tDCS), might improve therapeutical responses, by modulating cognitive control 
over eating behavior and/or by enhancing inhibitory control due to synergistic action when combined with the current 
treatments available.  
Methods: Women with moderated BED, aged between 18 and 65 years and BMI ≥ 25 Kg/m² will be included. The 
participants will be divided into one of four groups: (1) Active tDCS; (2) Nutritional Counseling Therapy (NCT); (3) Active 
tDCS + NCT; (4) Sham tDCS + NCT. The electrodes of the tDCS will be positioned over the right Dorsolateral Pre-Frontal 
Cortex (DLPFC) - anode and left DLPFC - cathode. The participants will have a weekly appointment for 8 weeks where 
they will undergo the stimulation and/or the NCT. The groups that have the tDCS therapy will also receive the stimulation 
at home 4x/week in the first 5 weeks. The follow up is 8 weeks. The primary outcomes are the severity of symptoms, 
measured by the Binge Eating Scale (BES), and the inhibitory parameters of cortical excitability, measured by 
Transcranial Magnetic Stimulation (TMS) - Short Intracortical Inhibition (SICI). The secondary outcomes are weight loss, 
eating behavior, inhibitory control (Go/No-go), parameters of cortical excitability (Intracortical Facilitation (ICF) and 
cortical silent period (CSP)), and serum levels of leptin.  
Discussion: Cumulative research has provided evidence that tDCS improves disordered eating behaviors. Nevertheless, 
studies investigating the efficacy of long-term tDCS combined to standard treatment to BED are scarce. Based on exciting 
findings in trials that have associated tDCS and cognitive-behavioral approaches in Major Depressive Disorder (MDD), 
we hypothesize that the proposed protocol will be able to amplify therapeutical responses by reducing the severity of 
BED symptoms and enhancing inhibitory pathways assessed by cortical excitability parameters. 
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INTRODUCTION  

Binge Eating Disorder is a psychiatric disorder defined 
as recurrent binge eating episodes in the absence of any 
compensatory method (American Psychiatric 
Association, 2013). It is the most prevalent eating 
disorder, accounting for up to 25% of patients who seek 
medical attention for obesity and up to 75% of those 
with severe obesity (body mass index (BMI) above 40) 
(Davis, 2015). 

Several biological changes are related to BED, 
mostly related to altered balance between neural 
mechanisms related to reward and impaired executive 
function, such as higher impulsivity/compulsiveness, 
attention deficits and poor decision-making (Kessler, 
Hutson, Herman, & Potenza, 2016). In fact, 
neuroimaging studies have identified reduced 
activation, mainly in frontal areas such as DLPFC, in 
individuals with BED in comparison to healthy and 
obese without BED, which may be partially underlying 
the impaired impulsivity and the processing of rewards 
(American Psychiatric Association, 2013). 
Electrophysiological analysis through 
electroencephalogram records (EEG) have evidenced 
changes in resting state on frontal areas in patients with 
BED compared to patients without BED, as well as 
attention related to food process, where the beta activity 
of individuals with BED was positively correlated to 
BED symptomatology (Blume, Schmidt, & Hilbert, 2019; 
Imperatori et al., 2015; Tammela et al., 2010).  

Another widely electrophysiological measure is 
the Transcranial Magnetic Stimulation (TMS) that can 
provide information about the excitability and 
conductivity of the motor cortex and the functional 
integrity of intracortical neuronal structures 
(Kobayashi & Pascual-Leone, 2003), providing 
measures of intracortical mechanisms of inhibition and 
facilitation (Rossini, Rosinni, & Ferreri, 2010). However, 
there are scarce studies in the field of eating disorders, 
with only one study with anorexia nervosa that showed 
a diffuse hyperexcitability of the motor cortex and the 
corticospinal tracts compared to healthy controls 
(Khedr, El Fetoh, El Bieh, Ali, & Karim, 2014). 

Although Cognitive Behavior Therapy (CBT) is the 
reference treatment, its effectiveness remains 
unreachable to a substantial group of affected 
individuals, in part due to significant dropout rates, 
ranging from 12% up to 34% (Flückiger et al., 2011). 
Failure of therapeutic response in those who completed 
the treatment can reach 25 to 40% of patients (Byrne, 
Fursland, Allen, & Watson, 2011; Fairburn et al., 2015, 
2009).  

In fact, transcranial direct current stimulation 
(tDCS) is a noninvasive neuromodulatory technique 
that is able to improve cognitive control over eating, by 
modulating Pre-Frontal Cortex regions (PFC), in healthy 
subjects, overweight adults and eating disorders 
patients (Gluck, Viswanath, & Stinson, 2017). This 
procedure modifies cortical excitability through tonic 
stimulation with weak direct currents between 
electrodes located on the scalp that de- or 
hyperpolarizes neuronal resting membrane potentials 
in cortical areas, leading to long-term potentiation or 
depression, according to the type of stimulation used 
(Polanía, Nitsche, & Ruff, 2018). Besides, the use of 
combined top-down techniques, such as CBT and tDCS 
have already revealed a synergistic effect in treatment-
resistant depression (D’Urso, Mantovani, Micillo, Priori, 
& Muscettola, 2013; Segrave, Arnold, Hoy, & Fitzgerald, 
2014).  

Therefore, the refractory nature of BED as well the 
current insights from its neurobiology support the use 
of neuromodulatory techniques, such as tDCS, to 
modulate dysfunctional eating behaviors (Goldman et 
al., 2011; Val-Laillet et al., 2015). Thus, we have 
designed a randomized controlled clinical trial with 
parallel design that aims to test if the treatment with 
active-tDCS combined with a Nutritional Counseling 
Therapy (NCT): i) will reduce the severity of BED 
symptoms, measured by the Binge Eating Scale (BES), ii) 
enhance the inhibitory parameters of cortical 
excitability, measured by Transcranial Magnetic 
Stimulation (TMS) - Short Intracortical Inhibition (SICI).     

METHODS 

The protocol was revised and approved by the Ethics 
Committee Board of the Hospital de Clínicas de Porto 
Alegre (Institutional Review Board IRB 0000921) and 
the participants will sign the consent form after the 
screening and before the baseline collection. This trial is 
currently ongoing and is in the recruitment (screening 
of the patients) and data collection (protocol 
application) phases. 

Participants 

The subjects will be recruited in nutrition, psychology or 
psychiatric clinics, or by disclosure on social networks. 
The inclusion criteria are: women, aged between 18 and 
65 years, literate, right-handed, with a body mass index 
≥ 25 Kg/m², who complete the criteria of the V 
Diagnostic and Statistical Manual of Mental Disorders  
for Moderate Disorder of Binge Eating (4 to 7 binge 
eating episodes per week)- diagnosed by a psychiatrist.  
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Exclusion criteria are: pregnancy, shift workers 
(defined as working through non-standard daylight 
hours and/or regular shifts (that is, outside 7 a.m. to 6 
p.m. and/or a 7 to 8 hour shift) (Mendoza, 2019), 
treatment for weight loss in the last 30 days, bariatric 
surgery and formal contraindication for tDCS (history of 
stroke, traumatic brain injury, epilepsy or family history 
of epilepsy, unexplained loss of consciousness, abuse or 
chemical dependence in the last six months, 
neurosurgery or presence of metallic implants). 

Design overview 

The participants will go through a screening and, if the 
criteria are completed, they sign the consent form and 
start the baseline phase. After that, they will be 
randomized to one of the four groups: (1) Active tDCS; 
(2) Nutritional Counseling Therapy (NCT); (3) Sham 
tDCS + Nutritional Counseling Therapy (NCT); (4) 
Active tDCS + Nutritional Counseling Therapy (NCT) 
(Figure 1). 

The randomization table will be generated by a 
computer program (Randomlogue). The random 
number codes will be placed in sealed brown envelopes 
with the patient's entry sequence number on the 
outside of the envelope. Randomization will be in blocks 
of 8. A specific person will be designated for this 
procedure, who has no contact with the recruitment 
and data collections. 

The study will be divided into 5 phases: 1) 
Baseline: basal data before beginning the treatment; 2) 
Intensive phase: 20 sessions of tDCS (Monday to Friday) 
and/or weekly NCT (5 appointments); 3) Maintenance 
phase: 3 sessions of tDCS (weekly) and/or weekly NCT 
(3 appointments); 4) Close-out: 1 to 3 days after the 
session of the treatment and 5) follow up: 8 weeks.  

Both participant and researcher responsible by 
tDCS application will be blinded to the type of 
stimulation (active or sham) and they will only know 
the treatment group (tDCS or NCT), since NCT 
intervention does not allow blinding. However, in order 
to minimize bias, the personnel responsible for handling 

Figure 1. Study Flow. tDCS (transcranial direct current stimulation); NCT (Nutritional Counseling Therapy).  
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the database will also be blinded to the type of the 
intervention. Blinding will only be assessed after the 
end of the data collection. The validity of sham 
stimulation will be assessed by means of the blinding 
questionnaire for tDCS after the end of the last session, 
grading the degree of confidence in the response 
provided on a visual analog scale (1 - 10).  
After completion of the study, blinding will be broken 
and if there is superiority in any treatment, groups that 
did not receive it will have the opportunity. Patients will 
be instructed not to start any new treatment 
(medication, nutritional and/or psychological) during 
the research period, but, if necessary, should inform the 
responsible research staff. 

Interventions 

tDCS 
We will apply home-based tDCS that was developed and 
validated by the Pain and Neuromodulation Laboratory 
of the Hospital de Clínicas de Porto Alegre (HCPA) in 
partnership with the HCPA Biomedical Engineering 
Laboratory (NCT02408237) (Carvalho et al., 2018). The 
study protocol is designed to apply 2 mA direct current 
to the right dorsolateral prefrontal cortex (anode) and 
to the left dorsolateral prefrontal cortex (cathode) for 
20 minutes.  

- Active tDCS: anodic current of 2mA (fade 
in/out: 10 seconds) for 20 minutes. 

- Sham tDCS: the placement of the electrodes for 
sham stimulation will be exactly the same as 
the active ETCC; however, after 20 seconds, 
stimulation automatically turns off.  

Patients will undergo training on day 1 of the survey 
and will do 20 stimulation sessions at home (4 
days/week – except weekends) + 1x/week at the 
hospital. After finalizing this phase, patients will 
perform 3 weekly stimulations at the hospital 
(1x/week), for a total of 28 sessions per patient. The 
device presents safety features for adjustment of the 
tolerability and resistance intensity, ending the session 
if necessary and blocking the next session for 20h, 
avoiding excessive use (Carvalho et al., 2018).  
 
Nutritional Counseling Therapy 
The program is based on psychoeducational and 
cognitive-behavioral techniques, acting directly on 
dysfunctional eating attitudes (McElroy, Guerdjikova, 
Mori, Munoz, & Keck, 2015; Murphy, Straebler, Cooper, 
& Fairburn, 2010). Weekly presential meetings will be 
held, with the first meeting lasting 1 hour in person and 
the subsequent meetings lasting 20 minutes using a 
video during the outpatient consultation. After each 
session, patients will have 20 minutes to answer 
questions. They will have weekly exercises related to 
the topic. The topics and the exercises are detailed in 
Table 1.  
 
tDCS + NCT 
The patient will perform tDCS at home, which can be 
active or sham, according to the protocol described 
above. Furthermore, tDCS + NCT will be undergone 
simultaneously during the outpatient consultation 
session for 8 weeks. 

 

Week NCT topic NCT Exercise 

1 
Psychoeducation on BED and tDCS 

Expectations/motivations with treatment 
None 

2 
Identification of feelings and emotions and how they 

interfere with our diet 

Food record: Food, feeling of hunger, satiety, 

emotions related to food 

3 Neurophysiology of eating Guided food record review 

4 Beliefs Record of Dysfunctional Thoughts 

5 Trigger situations + Mindful eating Mindful eating 

6 Organizing the food routine Goals related to food routine 

7 Coping card Coping card 

8 Relapse prevention and closure Maintenance plan 

 

Table 1. Detailed Nutritional Counseling Therapy (NCT) protocol. BED (binge eating disorder); tDCS (transcranial direct current stimulation). 
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Outcomes 

The primary outcomes will be the reduction on the 
severity of symptoms of binge eating, measured by the 
BES and the measure of cortical inhibition, evaluated 
through TMS (SICI). The secondary outcomes will be i) 
clinical: Weight, waist circumference and measures of 
eating behavior (TFEQ-21) and eating attitudes (FCQ); 
ii) Electrophysiological: Measurements of cortical 
excitability (TMS: ICF and silent period); Inhibitory 
control (Go/No-go task); iii) Laboratorial: serum leptin. 

Measures 

All measures will be examined by the same evaluator to 
reduce variability and will be evaluated at the baseline 
and close-out phases, except the psychiatric interview 
that will be measured only at baseline. The clinical 
measures of the first and second outcomes (BES, TFEQ-
21 and FCQ) will be evaluated at intermediary and 
follow-up phases.  Measures of accompanying and 
anthropometric measures will be evaluated weekly 
throughout all of the phases, as represented in Figure 2 
and Figure 3.  

Clinical 
Demographic questionnaire:  
To assess general health information, such as use of 
medications, previous psychological or nutritional 
therapy, and educational level.  
 
Confounding variables:  
Psychiatric disorders, sleep quality, depressive 
symptomatology, central sensitization, anxiety and 
physical activity were selected as confounding variables 
and they will be assessed through the correspondenting 
questionnaires: Structured Clinical Interview for DSM-5 
Clinician Version (SCID-5-CV); Pittsburgh Sleep Quality 
Index (PSQI) (Bertolazi et al., 2011); Beck Depression 
Inventory II (BDI – II) (Gomes-Oliveira, Gorenstein, 
Neto, Andrade, & Wang, 2012); Brazilian Portuguese-
Central Sensitization Inventory (BP-CSI) (Caumo et al., 
2017); State-Trait Anxiety Inventory (STAI) (Balle et al., 
2010); International Physical Activity Questionnaires- 
Long form (IPAQ-L) (Craig et al., 2003).  
 
 

Figure 2. Assessment sequence according to study phase. tDCSa (active transcranial direct current stimulation); tDCSs (sham transcranial 
direct current stimulation); NCT (Nutritional Counseling Therapy); TMS (Transcranial Magnetic Stimulation). 
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Anthropometric measurements: 
Body weight, height, BMI and waist circumference. 
Obesity and overweight will be classified according to 
WHO criteria (WHO, 2000). Abdominal circumference 
will be measured in centimeters at the point of greatest 
circumference, using a non-stretchable measuring tape.  
 
Three-Factor Eating Questionnaire – 21 (TFEQ-21):  
Access three dimensions of human eating behavior. 
Cognitive Restriction is characterized as limiting food 
intake to control weight; Uncontrolled Eating is a 
tendency to lose control over eating due to hunger or 
when exposed to external environments (eg, hyper-
palatable food), even in the absence of physiological 
hunger; Emotional Eating  is a susceptibility to eat in 
response to emotional stress or negative mood. The 
score corresponds to a converted scale, ranging from 0 
to 100 to each domain, where higher scores are 
equivalent to more dysfunctional behavior (de 

Medeiros, Yamamoto, Pedrosa, & Hutz, 2016; Stunkard 
& Messick, 1985).  
 
Binge Eating Scale (BES): 
Measures the severity of binge eating (BE). It is 
composed of 16 items, 8 that describe behavioral 
manifestations and 8 on associated feelings and 
cognitions. The score range from 0 to 46 points, where 
a score of less than 17 points indicates minimal BE 
behavior; a score between 18 and 26 points indicates 
moderate BE, and a score of more than 27 points 
indicates severe BE (Freitas, Lopes, Coutinho, & 
Appolinario, 2001; Gormally, Black, Daston, & Rardin, 
1982).  
 
State and Trait Food Cravings Questionnaires (FCQ): 
The FCQ explore about cravings, urges or desires for one 
or more specific types of food. The Food Cravings 
Questionnaire-State (FCQ-S) investigates state 

Figure 3. Home-based tDCS stimulation, neurophysiological assessment and test paradigms.  (3A) Transcranial Magnetic Stimulation 
(TMS) parameters will be assessed at baseline and close-out phases. (3B) Home-based transcranial direct current stimulation (tDCS) 
protocol: The sessions will be executed 5 times/week (4 times at home and 1 time at hospital). (3C) Go/No-go paradigm: A total of 200 
randomized trials will be presented (neutral and food stimuli) in a ratio of 80% ‘go’ and 20% ‘no – Go’. The time of each image is specified 
above. The participants have to press the keyboard space bar whenever a target (Go) stimulus is presented. (3D) Visual Probe task: Two 
paired similar images will be presented (food and related to food stimuli). Each time is specified in the figure above. The participants will 
be instructed to press in the keyboard the direction of the narrow. 
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dependent food craving and consists of 15 questions, 
grouped into five dimensions. The score corresponds to 
the sum of the scores (1 ‘Strongly Agree’ to 5 ‘Strongly 
Disagree’) and can vary from 15 to 75 (Cepeda-Benito et 
al., 2000; Queiroz de Medeiros, Campos Pedrosa, Hutz, 
& Yamamoto, 2016). The Food Cravings Questionnaire-
Trait (FCQ-T) identifies patterns related with food-
craving behavior and consists of 39 questions, divided 
into nine dimensions. The score corresponds to the sum 
of the scores (1 ‘never or not applicable’ to 6 ‘always’) 
and can vary from 39 to 234 (Cepeda-Benito et al., 2000; 
Queiroz de Medeiros et al., 2016). 
 
Disordered Eating Attitude Scale (DEAS):  
Assesses the individual's eating attitudes. It is a 25-item 
questionnaire. The questions are distributed in five 
subscales: (1) Relationship with food; (2) Concerns 
about eating and body weight gain; (3) Restrictive and 
compensatory practices; (4) Feelings toward eating; 
and (5) Idea of normal eating. Higher scores mean 
worse eating attitude. The result corresponds to the 
sum of the scores (1 to 6) and can vary from 37 to 190 
(Alvarenga, Scagliusi, & Philippi, 2010).  
 
Perception of hunger, feeling of hunger, satiety and 
appetite to specific (sweet and savory) and unspecific 
foods:  
10-point numerical rating scale [from 0 (any desire or 
need to eat) to 10 (very prominent desire or need to 
eat)], according to a previous protocol (Jauch-Chara et 
al., 2014).  
 
Feeling of loss of control on eating:  
10-point numerical rating scale [from 0 (any loss of 
control) to 10 (loss of total control)]. Filled daily.  
 
Number of binge-eating episodes:  
Patients must fill in the number of episodes of binge 
eating daily. 
 
Food pattern questionnaire:  
Evaluates food consumption indicators considered 
markers of healthy and unhealthy eating patterns. The 
score corresponds to the frequency of consumption 
(Brasil, 2017).  
 
Electrophysiological measures 
Transcranial Magnetic Stimulation:   
TMS is a measure of the excitability and conductivity of 
corticospinal motor pathways. We will use a 
MagProX100 stimulator with a figure-eight coil 

(MagVenture Company, Lucernemarken, Denmark) 
over the left primary motor cortex (M1) and surface 
electromyography electrodes placed on the right first 
dorsal interosseous (FDI) muscle and its tendon.  
The following parameters will be evaluated: Motor 
threshold (MT), in which the resting motor threshold is 
defined as the minimal intensity that produces a motor 
evoked potential >50 µV in 5 of 10 trials in a relaxed 
muscle (Radhu et al., 2013), followed by single-pulse 
TMS with an intensity of 130% of MT to record 10 
motor evoked potential (MEP); and Cortical Silent 
Period (CSP), recorded in milliseconds (ms) using an 
intensity of 120% of MT during FDI muscle activity 
measured on a dynamometer set to approximately 25% 
of the maximal force. The average of 10 sequential 
measures will be recorded. The TMS protocol, to 
measure SICI and ICF, will use a total of 30 randomized 
paired-pulse trials, 10 for each measure (SICI, ICF, and 
control stimuli) with an interstimulus interval (ISI) to 
evaluate the SICI equal to 2ms and 12ms for ICF 
respectively, with the first individual conditioning 
stimulus set at 80% of the MT, while the test stimulus 
being set at 130% (Kujirai et al., 1993; Pascual-Leone, 
Valls-Solé, Wassermann, & Hallett, 1994). 

Physiologically, each TMS parameter has a specific 
translation: CSP appear to be assessing GABA-B 
receptor-mediated inhibitory neurotransmission 
(Radhu et al., 2013); Short Intracortical Inhibition (SICI) 
associated to GABA-A receptor-mediated inhibitory 
function (Radhu et al., 2013);and Intracortical 
Facilitation (ICF) originates from excitatory 
postsynaptic potentials transmitted by N-methyl-D-
aspartate (NMDA) glutamate receptors (Radhu et al., 
2013). 
 
Go/No-go paradigm: 
Performed to assess the response inhibition. Designed 
and run using E-PrimeTM software (Psychology 
Software Tools, Inc., Sharpsburg, PA, USA) and the 
images from the Bank of Standardized Stimuli (BOSS) 
(Brodeur, Dionne-Dostie, Montreuil, & Lepage, 2010). In 
the neutral-based task, the target (Go) stimulus will be 
toiletries images, while the non-target (No-go) stimulus 
images of sports equipment. In the food-based task, the 
target (Go) stimulus was images of neutral office 
supplies; while the non-target (No-go) stimulus was the 
images of high-fat and/or high-sugar foods. Patients will 
be instructed to look at a fixation cross in the center of 
the screen and afterwards an image will be shown (for 
500 ms), they’ll be instructed to answer as fast as 
possible by pressing the keyboard space bar whenever 
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a target (Go) stimulus was presented (80% of trials) and 
not answer to an infrequently presented nontarget (No-
go stimulus (20% of trials). The interstimulus interval 
(ISI) is 1,000ms (trial length=1,500ms). The 
presentation order will be fully counterbalanced. The 
measure of interest is the number of commission errors 
(the number of incorrect answers performed during the 
No-go trials) (Price, Lee, & Higgs, 2016). The entire task 
consisted of 200 trials divided into two 100 trial runs 
and the last 750ms/each. 
 
Visual Probe Task:  
Used as a measure of attentional bias. Paired images will 
be simultaneously displayed side-by-side on a 
computer scream, where one is related to the target 
(pictures of food) and the other to the control (very 
similar to the target but not food related). After 100, 500 
or 2000ms the images will randomly disappear and an 
arrow will be exhibited (500ms), and the participants 
will have to point in the keyboard the direction of the 
arrow. The arrow switches the target and the control 
images by 50%. Therefore, the shorter the reaction time 
when the arrow replaces the stimuli, the higher is the 
attentional bias to the stimulus tested (pictures of food) 
(Deluchi, Costa, Friedman, Gonçalves, & Bizarro, 2017). 
 
Laboratory Measures 
Blood samples will be collected in the morning (8-11 
a.m.) after a 12-h fasting period. The blood samples will 
be placed in plastic tubes with separator gel and 
centrifuged for 10 minutes at 4.500 rpm at 4°C. Serum 
will be stored at −80°C. Serum mediator concentrations 
will be determined for Brain-derived Neurotrophic 
Factor (BDNF), which plays an important role in the 
regulation of neuronal survival, growth and 
differentiation (Merighi et al., 2008), and a predictor of 
tDCS therapeutic response (Brietzke et al., 2020) and 
leptin, which is an anorectic peptide hormone that 
regulates the function of the autonomic system and the 
energy balance both on homeostatic and hedonic 
systems (Brandão et al., 2010).  
 
Adverse effects 
In order to assess potential adverse effects of tDCS, a 
standard tDCS Side Effects Questionnaire will be used 
(Carvalho, 2018). 
 
Treatment compliance 
The adherence of tDCS treatment will be defined as the 
performance of at least 95% of the proposed sessions. 
The percentage of completed sessions will be calculated 

after the report has been generated by the software 
analysis of tDCS at the end of the treatment. This 
software allows users to extract the recorded sessions, 
providing data concerning all the sessions performed, 
including the duration of stimulation, the current 
intensity applied and the contact impedance of each 
session (Carvalho, 2018).  

As tDCS, the adherence of NCT treatment will be 
considered as the accomplishment of at least 95% of the 
proposed tasks. NCT compliance will be assessed 
through the confirmation of prescribed tasks that shall 
be delivered during the weekly schedule appointments. 

Statistical procedures 

Sample size 
Due to the lack of studies that associate tDCS with NCT 
in individuals with BED, we will conduct a pilot study 
with 10 patients in each group (n=40). Afterwards, this 
will be evaluated by a blinded technician who will 
analyze the data, accepting a 0.05 type I error chance 
and a 90% power (beta = 0.1). 
 
Data analysis 
The data entry will be conducted by two blinded 
researchers who will perform range checks for data 
values. The distribution of variables will be described as 
mean and standard deviation or frequency and 
proportion, when applicable. The comparison between 
groups of means of the variables will be carried out 
using one-way ANOVA or ANCOVA, when the variables 
show normal distribution or equivalent test for non-
statistical parametric, if the normality criteria are 
violated. 

The differences within the variables will be 
obtained through ANOVA, controlled for variables that 
can be considered confounders. In addition, we intend 
to assess possible correlations between additional 
clinical variables between groups. In the event of patient 
withdrawal or loss, the analysis of the results will be 
made by ITT (intention to treat): if the loss occurs in the 
intervention group, in evaluation of outcomes will be 
considered the worst result, that is, that there was no 
improvement in that case. If the loss occurs in the 
placebo group, the best outcome will be considered, that 
is, there was an improvement in the assessed outcome.  

The study protocol was written in accordance with 
Standard Recommendations for Interventional Trials 
(SPIRIT) guidelines. 
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DISCUSSION 

To our knowledge, this is the first study to investigate 
the benefits of repetitive tDCS sessions over the right 
DLPFC associated with NCT in BED patients, on the 
severity of the symptoms and inhibitory cortical 
parameters. Studies in healthy populations indicate that 
tDCS is able to positively influence cognitive functions, 
involving the regions of the Pre-Frontal Cortex (CPF), 
which is relevant to CBT. (Dedoncker, Brunoni, Baeken, 
& Vanderhasselt, 2016). Specifically, it has been shown 
that tDCS can improve the use of reevaluation strategies 
and cognitive control techniques necessary for 
emotional regulation (Bajbouj et al., 2018). Segrave et al 
(2014) in a sample of patients with Major Depression 
Disorder (MDD) found that the group using the 
combined tDCS + CBT therapy had a sustained 
antidepressant response at follow-up (3 weeks), whose 
magnitude was greater than that observed immediately 
after completion treatment (Segrave et al., 2014).  

Several studies provide preliminary evidence to 
suggest that neurostimulation has the potential to alter 
disordered eating behaviors, food intake and body 
weight after one or more tDCS sessions aimed at 
enhancing both right and left DLPFC activity in lean,  
overweight/obese and BED individuals (Dendy, 
Stinson, Guerithault, & Gluck, 2019; Burgess et al., 
2016). However, fewer studies have examined the 
efficacy of TDCS over the longer term (Dendy et al., 
2019) and none have associated this promising 
treatment with the existing reference treatment, so 
there are still several gaps that need to be explored, such 
as patient selection, intervention parameters, treatment 
goals and how to optimize existing protocols (Dalton, 
Bartholdy, Campbell, & Schmidt, 2018)  

Thus, this protocol was designed to include a total 
of 28 anodal tDCS sessions over the right DLPFC 
associated to a NCT. Our hypothesis is that therapeutic 
approaches aimed at modulating the CNS, such as tDCS, 
may have a beneficial effect on the neurobiology of the 
processes that govern these disorders, thus adding to 
the effects of CBT and amplifying the therapeutic 
response. 

This study presents an important contribution to 
the field because, to the best of our knowledge, is the 
first to combine the reference treatment (Cognitive-
Behavioral approaches through nutritional counselling 
therapy) to neuromodulation of DLPFC using tDCS 
technique in the treatment of BED. Other strengths of 
this protocol are the long-term treatment and the home-
based tDCS design, which are critical to assure 
behavioral changes, improve treatment compliance and 

feasibility.  On the other hand, this protocol may have 
some limitations. Due to the nature of NCT, patients and 
the researcher responsible for applying NCT will be 
aware of this treatment, which compromises a double-
blind design. However, we determined appropriate 
measures to minimize the possible biases arising from 
this limitation: the research team responsible for 
outcome measures and data analysis will be blinded to 
the intervention performed. 
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