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Original Protocol  

(Original translated version as submitted to the Ethics Committee of the University 
Hospital of the University of São Paulo, Brazil, on May 16th, 2019) 
Principal Investigator: André Russowsky Brunoni, M.D., Ph.D. 
Research Assistant: Lucas Borrione, M.D. 
 

PSYLECT PROJECT: PSYCHOLOGICAL INTERVENTIONS AND TRANSCRANIAL DIRECT CURRENT STIMULATION 
FOR DEPRESSION 

 
a. Theme:  

 
The subject of this study is the association of a non-invasive neuromodulation technique in a home setting, 
transcranial direct current stimulation (tDCS), with a smartphone-based behavioral therapy (SBT) protocol, in 
the treatment of unipolar depression in adult patients. 
 

b. Objective:  
 

The aim is to study the combined effect of home-based tDCS associated with SBT, compared to double placebo, 
in adult patients with unipolar depression, without concomitant use of antidepressant medications, during an 
initial period of 6 weeks. 
 

c. Social relevance:  
 

c.1 Depression 
 
In the United Nations' Sustainable Development Goals for 2030, it was established that mental health is a global 
priority, emphasizing the crucial need to reduce the prevalence, morbidity, and premature mortality associated 
with mental disorders1. Data from the Global Burden of Disease Study shows that mental disorders account for 
10.4% of years lived with disability (YLDs) and up to 28.5% of disability-adjusted life years (DALYs), among all 
diseases2. In Brazil, mental disorders account for 9.5% of all DALYs and rank third and first in terms of YLDs 
and DALYs, respectively. 3. Among mental disorders, depression is the third most important cause of YLD 
worldwide. Global data shows a one-year prevalence of depression at 6.6% and a lifetime prevalence of 16.2% 
4. The main comorbidities found in depression, such as pain syndromes, anxiety disorders, and alcohol 
dependence, also rank among the 25 most important causes of disability2. Depression has a high morbidity 
because it typically begins in early adulthood, with a peak occurring in the second and third decades of life5, 
and presents a chronic course with recurrent episodes6. More alarmingly, the suicide rate is approximately 15% 
in severe depressive episodes7. 
 
At the present time, response and remission rates in depression are only moderate. Data from STAR*D, a 
large and pragmatic multicenter clinical trial, show that less than 1/3 of patients achieve remission after the 
first antidepressant treatment, and up to 1/3 of depressed patients do not achieve remission after four or more 
adequate antidepressant treatments8. In addition, pharmacotherapy carries a significant risk of adverse effects, 
particularly at high doses9, without substantial differences in efficacy10. This finding highlights that the current 
treatment for depression is based on a "trial and error" paradigm and therefore can take weeks or even months 
to figure out the optimal antidepressant treatment for a specific patient. Psychotherapeutic modalities, in turn, 
have moderate efficacy in the treatment of depression and fewer adverse effects than pharmacotherapy11. 
However, psychotherapeutic modalities present issues such as the limited global availability of properly trained 
therapists, the need for active participation and patient engagement, and a longer time for the onset of 
therapeutic benefits12.  
 
c.2 Transcranial direct current stimulation (tDCS) 
 
Non-invasive brain stimulation (NIBS) techniques do not require surgery and are less invasive, less 
focal, and more tolerable than implantable techniques, such as deep brain stimulation (DBS) and vagus 
nerve stimulation (VNS)13. NIBS techniques include transcranial magnetic stimulation (TMS) and transcranial 
direct current stimulation (tDCS), which use magnetic and/or electric fields, respectively, to promote changes 
in cortical excitability14. These approaches do not require sedation or anesthesia, and evidence indicates that 
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they have excellent safety and tolerability profile15,16. For tDCS, additional advantages include its accessibility, 
ease of use, and portability14. 
 
In an initial meta-analysis (n=289), we demonstrated that active tDCS is superior to simulated tDCS in relation 
to response, remission, and other outcomes of improvement in depression17. A recent and updated meta-
analysis (n=446) confirmed our findings18. Due to its portability and ease of use, tDCS has been investigated as 
a potentiating and substitutive treatment for antidepressant drugs. In the Sertraline versus Electric Current 
Therapy for Treating Depression Clinical Study -  SELECT-TDCS (FAPESP grant 09/05728-7), we recruited 120 
depressed patients without antidepressants, who were randomized into four groups (2x2 factorial design): 
placebo (SELECT-sham), sertraline alone (SELECT-SSRI), tDCS alone (SELECT-tDCS) and combined therapy 
(SELECT – Combined therapy)19. We showed that the combined treatment was significantly more effective than 
each treatment alone, although the findings that tDCS and sertraline were not different were limited, since the 
dose of the drug was at the lower limit of the efficacy range and the study was not a priori designed to assess 
non-inferiority19. In SELECT-TDCS, the heterogeneity of the treatment may have been due to different dosages 
of electric current in the brain regions of interest, which was not measured in the study20. 
 
In the clinical trial Escitalopram vs. Electric Current Therapy to Treat Depression Clinical Study (ELECT-TDCS) 
(FAPESP grant 12 / 20911-5), we compared tDCS versus escitalopram 20mg/day (maximum dose 
recommended by the FDA)21. The margin of non-inferiority was established as 50% of the efficacy of 
escitalopram in relation to placebo21. ELECT-TDCS lasted longer than SELECT-TDCS (10 weeks instead of 6), 
applied more tDCS sessions (22 instead of 12) and recruited 245 participants21. The primary outcome did not 
reveal non-inferiority of tDCS vs. escitalopram21. Superiority analyses revealed superiority of tDCS in relation 
to placebo21. In this sense, the antidepressant effects of tDCS to date have been modest and heterogeneous. 

 
Generally speaking, tDCS is not yet considered a conventional treatment for depression, since its effects are 
modest and heterogeneous. In addition, access to tDCS is still limited; For example, home-use tDCS devices are 
not fully developed, and daily sessions for several weeks in the clinic are impractical for those living in remote 
areas. Therefore, despite significant advances, there is an urgent need to increase the efficacy and 
clinical usability of tDCS.  
 
 
c.3 Smartphone-based behavioral therapy (SBT) 
 
Remotely administered cognitive-behavioral therapy is a modality of self-directed psychotherapy, which has 
been employed in the treatment of depression for the past 30 years, according to available technology (books, 
phone, computer, text messages, and more recently, smartphone apps). A pilot study in 1990 demonstrated that 
face-to-face CBT versus the computer-administered version were equally effective22. The computerized 
programs were usually carried out in interactive modules composed of various multimedia techniques to favor 
the engagement and motivation of patients, such as photos, advice, sketches, and videos. Although these 
therapies initially offered therapist support among modules 23, they eventually evolved into fully computerized 
modules without support24. Currently, the evidence map for technology-based treatments is broad, including 
diverse levels of automation, technologies and interventions25. 
 
In a recent review to evaluate the effectiveness of mental interventions based on smartphone use, Firth et al. 
included 18 randomized controlled trials (RCTs)26. The nature of the interventions was heterogeneous, 
including cognitive training, mood self-monitoring, mindfulness, psychoeducation, behavioral activation, 
cognitive behavioral therapy-based techniques, and cognitive bias modification. The authors identified a 
moderate overall effect size (g=0.38), which was smaller (g=0.22) in studies that compared the intervention 
with respect to the "active" control. A trend of larger effect sizes was observed for fully automated applications 
(e.g., those that do not involve a human) and for applications that provide feedback (e.g., statistics and progress). 
Despite the smaller effect sizes in trials that used only cognitive training, the nature of the intervention did not 
influence the effect sizes. The nature of our SBT intervention involves an electronic avatar that offers 
advice, feedback, and educational information about depressive symptoms, as well as behavioral 
strategies for dealing with them. 

 
d. Objectives:  

 
In the Psylect study, the primary endpoint will be the use of home-use tDCS associated with smartphone 
app-based behavioral therapy (SBT), versus double placebo, in primary and secondary care patients 
with unipolar depression. Our main hypothesis is that the combined treatment is superior to the double 
placebo in reducing depressive symptoms over a 6-week treatment protocol. 
 
In this sense, we consider that tDCS potentiates the effects of a concomitantly administered psychotherapeutic 
intervention (in this case, SBT), since tDCS, through changes promoted in the neuronal membrane potential, is 
particularly effective in increasing the excitability of neuronal networks pre-activated by cognitive activities27. 
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In depression, two small clinical trials (pilot studies) evaluated the antidepressant effects of tDCS associated 
with cognitive control therapy (CCT, a cognitive intervention that engages the left dorsolateral prefrontal cortex 
[CPFDLE] via voluntary attention and working memory tasks), showing some benefit of combination therapy 
in exploratory outcomes28,29. Additionally, a large multicenter study (n=192), still running, is evaluating the 
efficacy of tDCS combined with cognitive behavioral therapy (CBT) in group30. Promising results were also 
found in relation to the combination of tDCS with CBT or with modification of attentional bias, in schizophrenia 
and anxiety, respectively31. 
 
Probably, tDCS and cognitive-behavioral therapy (CBT) have synergistic effects. Self-referential thinking and 
pessimistic ruminations are characteristic of depression and are associated with network hyperactivity 
between the anterior cingulate cortex (ACC) and the prefrontal cortex (PFC)32. CBT is aimed at neutralizing the 
negative self-bias characteristic of depression and has been associated with decreased functional connectivity 
between these brain regions throughout symptomatic improvement33. In a study involving individuals with 
anxiety disorder, tDCS on the PFC reduced the level of reactivity to threats of the amygdala, increased frontal 
activity, and improved behavioral outcomes34. Therefore, as the two interventions (psychotherapy and tDCS) 
target the PFC, we assume that, when both are applied concomitantly, tDCS can improve neural activity in brain 
areas recruited during the psychotherapeutic process35, through synergistic action. 
 
In fact, even if the therapies do not interact, it may also be advantageous to combine them, aiming at the additive 
effects, considering that tDCS in depression is usually applied 20-30 minutes a day, for several days, and 
produces minimal side effects that do not distract or demotivate the patient. Previous studies involving tDCS36 
instructed patients to remain "at rest" during the session. Although this variable has not yet been addressed, 
the state at "at rest" is problematic because it favors wandering, which in depressive patients can aggravate 
anxiety and rumination37. From a clinical perspective, the combination of psychological interventions during 
tDCS sessions is feasible and can leverage both interventions. 
 
We propose, then, the evaluation of the efficacy of home use of tDCS combined with a behavioral therapy, 
through a smartphone application (SBT). This approach is particularly interesting because it circumvents the 
issue of geographical displacement, reduces the overall costs of interventions and travel to treatment sites. In 
fact, forms of ACT are already standardized38.  
 
Secondary endpoints of Psylect include examination for: (1) secondary depression scales; (2) clinical 
response and remission scales; (3) clinical predictors of response; (4) tolerability; (5) cognitive 
outcomes and (6) clinical usability of tDCS at home.  
 
We expect the experimental intervention to be superior to the control. For item (4), we expect that 
experimental and control groups will present similar rates of adverse events. For item (6), we expect that > 
80% of the participants will evaluate the use of tDCS for home use as (very) easy.  
 
After the randomized phase, patients will be asked to enter an open-label follow-up phase of up to 6 months, to 
see if clinical and cognitive gains will be maintained for a longer period. 
 

e. Study setting:  
 

University Hospital of the University of São Paulo – HU/USP (screening and clinical evaluations) and patients' 
homes (tDCS+SBT sessions). 

 
f. Study population:  

 
Population of patients of both sexes, aged 18 to 59 years, without distinction of color/race and/or ethnicity, 
without distinction of sexual orientation and/or gender identity, without distinction of class or social group, 
with eight or more years of schooling, access to smartphone and personal internet connection, diagnosed 
with unipolar depression and requiring primary or secondary care by the Brazilian Unified Health 
System (SUS). We hope to introduce 210 patients to our research. Only patients with the capacity to make 
their own decisions will be accepted in the research, without changes in judgment of reality of any etiology. 

 
g. Ethical guarantees for study participants:  

 
The research will be carried out by a team of trained physicians and psychologists, based at the University 
Hospital of the University of São Paulo (HU-USP). The triage of patients will be performed by this team, at the 
HU-USP, and the clinical information will be collected under medical secrecy. Patients will always be properly 
oriented about all scientific and ethical aspects of research, in accessible language and adaptable to their 
biopsychosocial reality. Patients will only be included in the research by signing a free and informed consent 
form and will keep a copy of the signed document in their possession. 
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h. Methods:  
 

For the application of the tDCS sessions, we will use portable Flow devices (Flow™ Neuroscience, Malmö, 
Sweden) Figure 1. The anode and cathode will be positioned over the left and right DLPFC, respectively. We 
will use a current of 2mA on a circular surface of 22.9 cm2 (current density = 0.09mA/cm2), for 30 minutes, 
using customized and salinized pre-humidified sponges. Fifteen tDCS sessions will be held five times a week 
for the first three weeks, and two sessions per week until week 6 (totaling 21 sessions). The SBT intervention 
will be performed through the Flow - Depression app (iOS or Android) developed by Flow™, which uses 
several behavioral therapy modules. For each session, a different module is offered, encompassing six main 
types: nutrition (3 sessions), meditation (4 sessions), physical exercise (3), sleep hygiene (4), relapse 
prevention (4) and behavioral activation (4). In addition, there will be an introductory session and a final 
session (excerpts from these modules are shown in "Appendix 1").  
 

 
 
 

 
 
The SBT appl uses an interactive format, offering advice, feedback and explanatory videos generated from the 
avatar of the virtual therapist, according to the responses of the participants. Although the duration of the 
session may vary according to the patient's response and how quickly they interact with the avatar, it is 
designed to coincide with the duration of the tDCS session (i.e., 30 minutes).  
 
Each module features content to promote health, well-being and/or improve depressive symptoms. For 
example, healthy dietary practices reduce the risk of developing depression39. Physical exercises40 and 
meditation41 can help restore psychological balance. Behavioral activation is a strategy employed for subliminal 
depression 42 and sleep hygiene helps with insomnia, which is an important symptom in depression43. 
  
There are different options for sham SBT that can be divided into "active" interventions (general health 
guidelines, links to websites that offer counseling for individuals with depression) or "inactive" interventions 
(no intervention or waiting list). In Psylect, we will employ "active simulated SBT," consisting of the use of 
neutral, non-targeted electronic content, such as information about daily news and variety and videos, and 
images with random content. Patients will install and use the same app, but the code entered when the app is 
launched will redirect them to "simulated mode," offering a mix of information and videos from Brazilian portals 
and YouTube channels.  
 
The recruitment will take place from referrals by a team of health professionals from the HU-USP and also from 
the Hospital das Clínicas of the Medical School of USP, as well as self-referrals through advertisements in search 
engines on the internet and social networks. 
 

i. Schedule:  
 

Step Identification Beginning Term 
Screening of participants February 3, 2020 August 2, 2021 

Double-blind and randomized 
phase 

February 3, 2020 September 10, 2021 

Open follow-up phase March 16, 2020 February 18, 2022 
Analysis of data from the 

randomized phase 
September 13, 2021 December 13, 2021 

Open phase data analysis February 22, 2022 May 23, 2022 
 
 
We offer assurance that the Psylect study will only be initiated from the approval by the CEP-CONEP (Ethical 
Review Board) System of the University Hospital of the University of São Paulo (USP). 
 

Figure 1 shows a Flow™ device designed for home use. The 
figure on the left shows the device and smartphone app that 
controls, via Bluetooth, the tDCS and SBT sessions. The 
device is charged via a Micro 2.0 connector. The figure on 
the right shows the device placed over a phantom head. The 
anode and cathode are placed without difficulty on the left 
and right prefrontal cortex, respectively. The correct position 
in terms of angulation and distance to the eyebrows is 
achieved using an augmented reality feature of the app and 
the front camera of the smartphone. 
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j.  Inclusion and exclusion criteria of study participants: 
 

The diagnosis of depression will be made by trained psychiatrists/psychologists, according to the DSM-5 
criteria and using the Portuguese version of the Structured Clinical Interview for the DSM-5 (SCID-5). All 
patients should present a diagnosis of a major depressive episode and understand and sign the informed 
consent form. 
 
The inclusion criteria are: (a) age between 18 and 59 years; (b) initial score on the Hamilton scale, 17 items 

; (c) at least 8 years of schooling; (d) availability 
to use smartphone applications (i.e., having a smartphone with internet access).  
 
Exclusion criteria are: (a) previous episodes of mania/hypomania or diagnosis of bipolar disorder; (b) 
contraindications to the use of tDCS, such as metal plates on the head; (c) suicidal ideation with planning, or 
attempted suicide in the last 4 weeks prior to study enrollment; (d) refractoriness to more than 3 treatments 
with antidepressant drugs; (e) pregnancy; (f) other psychiatric diagnoses, such as schizophrenia, substance 
dependence, personality disorders, among others (anxiety disorders as a comorbidity will be included); (g) 
severe clinical and neurological conditions; (h) depressive symptoms better explained by other clinical 
conditions (hypothyroidism, anemia, etc.) or by other psychiatric disorders. 
   
Participants using antidepressant medications will undergo a washout period of 5 half-lives prior to study 
entry (5 weeks in the case of fluoxetine). Those using benzodiazepines will be included up to a maximum dose 
of diazepam equivalent to 10 mg/day. Other psychotropic medications will not be discontinued if they are being 
used for other reasons, rather than mood treatment, and in low doses. 
 
 

k.  Risks and benefits involved in the execution of the study: 
 
Minimal risk. The two procedures (tDCS and SBT) have already been studied in isolation in the home 
environment and there are no reports of serious complications or risk of brain damage. Regarding tDCS, the 
current is of low intensity and safe for use in depression. The most reported side effects are a tingling sensation 
in the scalp44, minimized through humidification of the electrodes with saline. The risk of hypomanic switch 
exists, but it is small and similar in active tDCS versus placebo45.   
 
The main benefit for the patients involved will be the possible improvement in depressive symptoms, with the 
possibility of participation in a follow-up phase with a total duration of 6 months, where the two treatments 
(tDCS + SBT) will be offered in an open phase.  
 
The research will be conducted in a home setting, but patients will be expected to come to the research center 
for periodic clinical evaluations and will also have remote access to research team members to ask questions 
and share their experiences with the Flow equipment. Patients with clinical or psychiatric complications will 
be referred to and treated at the University Hospital of University of São Paulo, and will receive cost-free 
treatment according to the level of complexity required. At the end of the research, the participants will be 
referred to their outpatient clinics/treatment level of origin, with all the necessary orientations and 
prescriptions. 

 
l. Study discontinuation criteria: 

 
The researchers have the prerogative to cease study participation in case of the emergence of any clinical or 
psychiatric complication that puts the patient's health and/or life at risk. In the specific case of Psylect, we will 
pay special attention to the emergence of suicidal ideation and/or planning and (hypo)manic switch. In these 
cases, the participant will be excluded from the research, regardless of the time of onset, and referred for 
appropriate treatment. 
 

m. Study results:  
 
We offer assurance that the results of the study will be disseminated to the whole society, in appropriate 
vehicles for the scientific community and the participating patients, explaining that the research was carried 
out from the University Hospital of USP. 
 

n. Dissemination of results:  
 
We offer guarantee that the results of our research will be forwarded for publication, with all due credit to the 
authors involved. 
 

o. References: 
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Final Protocol 

 

Title: The Portable Transcranial Electrical Stimulation and Internet-Based 

Behavioral Therapy for Major Depression Study 

Principal Investigator: Andre Russowsky Brunoni, M.D., Ph.D. 

Assistant Researcher: Lucas Borrione, M.D. 

 

1. Introduction 

 

 Major depressive disorder (MDD) remains a leading cause of disability-adjusted 

life years (DALYs), despite traditional pharmacological and psychotherapeutic options 

[1]. MDD still affects more than 300 million people worldwide, with a chronic and 

recurrent course [2]. First-line treatments for MDD present significant caveats, as 

antidepressant medications are associated with modest efficacy [3] and adverse effects 

[4], while in-person cognitive-behavioral therapy (CBT) lacks wide-range availability, 

and involves higher costs and logistical burdens [5]. 

Transcranial direct current stimulation (tDCS), the most widely studied format of 

transcranial electrical stimulation (tES), is a non-invasive brain stimulation technique 

with moderate effectiveness for the treatment of MDD [6–9]. tDCS delivers continuous 

and weak electrical currents to the brain, thereby rebalancing neuronal activity and 

connectivity [10]. According to the neurobiology of MDD, tDCS trials for this condition 

commonly apply the anode over the left dorsolateral prefrontal cortex (DLPFC) and the 

cathode over the right DLPFC [6,9,11,12]. The DLPFC is associated with working memory, 

self-regulation, and decision making, and has been shown to be hypoactive in depression, 



9 
 

particularly in the left hemisphere [13]. This leads to a corresponding hyperactivity in the 

default-mode network, which has been linked with the self-referential and pessimistic 

ruminations observed in depressive disorders [14,15].  

In the past 15 years, several trials showed that tDCS is moderately effective for 

MDD, suggesting that it could be a first-line intervention, especially in patients with a low-

drug resistance [6,9]. However, such an approach is hampered by the limited scalability 

of tDCS treatment. The relative scarcity of skilled personnel and the logistical burdens 

and transportation costs associated with daily visits to external facilities are probably 

associated with its suboptimal utilization in clinical practice. In this context, recent 

technological advancements are progressively allowing tDCS to be performed remotely, 

and operated by patients themselves, therefore reducing costs and enhancing scalability. 

Although this approach sounds appealing, data from home-based trials are still 

preliminary. A recent open-label pilot study (n = 34) [16] and case series (n = 5) [17] have 

suggested that home-use tDCS is a feasible intervention for MDD, following necessary 

precautions and safety guidelines [18]. Furthermore, these studies were open-label and 

did not present a control arm, limiting the interpretation of their findings. 

Concomitantly to these nascent advancements in the practice of home-based tDCS, 

growing attention has also been directed towards the combination of tDCS and 

neurobehavioral or psychotherapeutic interventions, aiming to engage the same brain 

regions of interest, and ultimately, achieve an additive or synergistic therapeutic effect 

[19,20]. For instance, two pilot, randomized, sham-controlled, clinical trials (RCTs), 

combining tDCS and cognitive-control training (CCT) for the treatment of MDD, have 

demonstrated positive, but preliminary results [21,22]. These studies applied a 

neurobehavioral intervention with tDCS and were performed at research centers.  
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However, both neurobehavioral and psychotherapeutic interventions can also be 

delivered remotely, in an internet-based and self-directed manner, especially using 

interactive smartphone apps [23]. A randomized clinical trial compared an app-based 

mental health intervention to a clinic-based group intervention, in patients with serious 

mental disorders, and found higher engagement and acceptability with the app-based 

intervention, and with similar clinical outcomes [24]. Meta-analyses that evaluated the 

effect of app-based interventions in MDD found superiority of these interventions over 

control conditions, with small to large effect sizes [23,25,26], and higher retention rates 

when there was human feedback and mood assessments through the apps [27].  

Moreover, the recent research interest in mental health apps for the treatment of 

MDD is occurring within a larger framework encompassing the rapid development of 

digital mental health technologies, in great part, boosted by the social distancing 

restrictions imposed by the COVID-19 pandemic [28,29]. Therefore, the expansion of 

digital mental health interventions and their good usability enables better access to 

healthcare, cost reduction, personalized approaches, and adherence to treatment. While 

a few studies evaluating the combination of tDCS with CCT have been performed in 

research facilities, to the best of our knowledge, no controlled trial has investigated the 

synchronous combination of portable transcranial electrical stimulation (ptES) and a 

remotely delivered, self-directed and internet-based behavioral intervention (iBT), for 

the treatment of MDD, in adult patients. 

Here, we describe the rationale, study design and methodology of the ongoing 

Portable Transcranial Electrical Stimulation and Internet-based Behavioral Therapy for 

Major Depression Study (PSYLECT). The main objective of this multi-arm, randomized, 

double-blind and sham-controlled clinical trial using digital features is to evaluate the 

efficacy, safety, tolerability, and usability of a combined and synchronous regimen of 
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active ptES and active iBT, as compared with active ptES in monotherapy, and a double-

sham regimen, for the treatment of adult patients with MDD.   

   

2. Patients and Methods 

 

2.1 Overview 

 

The PSYLECT trial consists of a randomized, double-blind, sham-controlled 

clinical trial, in which patients are allocated to one of 3 parallel arms: (1) active ptES + 

active iBT ("double active"); (2) active ptES + sham iBT ("ptES-only"); (3) sham ptES + 

sham iBT ("double-sham"). This study was approved by the Ethics Committees of the 

University Hospital (Hospital Universitário - HU) and Clinics Hospital (Hospital das 

Clínicas - HC) of the University of São Paulo, Brazil (CAAE: 13922419.1.0000.0076), 

according to the principles stated in the Declaration of Helsinki. Before trial entry, all 

patients provide written and informed consent.  

In this study, we present 3 co-primary hypotheses: (1) changes in depression 

scores in the Hamilton Depression Rating Scale 17-item version (HDRS-17) [30], from 

baseline to endpoint, will be larger in the "double active" compared to the "ptES-only" 

arm;  (2) changes in depression scores (HDRS-17), from baseline to endpoint, will be 

larger in the "double active" compared to the "double-sham" arm; and (3) changes in 

depression scores (HDRS-17), from baseline to endpoint, will be larger in the "ptES-only" 

as compared to the "double-sham" arm. Although fewer co-primary hypotheses could 

have been theoretically presented, we considered that the 3 of them are sufficiently novel 

to be appraised, as they (1) test the additive effects of iBT above and beyond ptES, 

assessing whether the combination is synergistic, (2) evaluate the efficacy of this 
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remotely-performed combination, and (3) enhance the internal validity of the study, 

considering unexpected biases that could arise in this “digital” trial that might not 

necessarily be present in on-site trials (as discussed below).  

Our secondary hypotheses are that: (1) changes in depression scores will be larger 

in "double-active" compared to "ptES-only", in "double-active" compared to "double-

sham", and "ptES-only" compared to "double-sham" arms, using additional depression-

rating scales (please refer to these scales below, in item 2.4 Procedures); (2) response 

 

reduction in HDRS-17) and remission (defined as HDRS-

active" versus "ptES-only", "double-active" versus "double-sham", and "ptES-only" versus 

"double sham" arms; (3) reduction in comorbid anxiety scores will be greater in "double-

active" compared "ptES-only", "double-active" compared to "double-sham", and "ptES-

only" compared to "double-sham"; (4) the clinical usability of the "double active" protocol 

will be regarded as (very) easy 

three protocols will be equally safe and tolerable, according to the tDCS Adverse Events 

Survey [12]. 

  

2.2 Patients 

 

We recruit patients of all genders, from ages 18 to 59, with a clinical diagnosis of 

MDD per DSM-5 criteria (Diagnostic and Statistical Manual of Mental Disorders, 5th 

edition) [31]. The study is conducted at the University of São Paulo, Brazil, at two of its 

institutions: the University Hospital (Hospital Universitário - HU) and the Institute of 

Psychiatry of the Clinics Hospital (Instituto de Psiquiatria - IPq/HC-FMUSP). 
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The inclusion criteria are: (1) a current depressive episode of at least moderate 

severity, with a baseline score on the HDRS-17 [30]  absence of contraindications 

to tDCS (i.e., metallic plates on the head, brain devices, brain aneurysm clips, cochlear 

implants, cardiac pacemakers, among others); (3) 8 or more years of formal education; 

(4) access to a personal smartphone and internet at home; and (5) lifetime refractoriness 

to no more than 3 antidepressants, at optimal doses and for an appropriate duration of 6 

weeks, according to a modified Antidepressant Treatment History Form (ATHF) [32].  

The exclusion criteria are: (1) other psychiatric diagnoses (i.e., schizophrenia, 

schizoaffective disorder, bipolar disorder, obsessive-compulsive disorder, attention-

deficit and hyperactivity disorder, eating disorders, personality disorders, substance use 

disorders), although anxiety disorders, as comorbidities, are accepted; (2) suicidal 

ideation or a suicide attempt within 4 weeks or less, prior to baseline; (3) previous or 

current psychotic symptoms, not otherwise specified; (4) depressive symptoms better 

explained by other clinical conditions (i.e., hypothyroidism, anemia, congestive heart 

failure, among others) or other psychiatric disorders; (5) severe clinical conditions, 

including Post-Acute Sequelae of COVID-19 [33]; (6) epilepsy and/or other neurological 

disorders; (7) suspected or confirmed pregnancy; (8) lactation; and (9) use of diazepam 

> 10mg per day (or equivalent doses of other benzodiazepines). Regarding other 

medications, no antidepressant washout is being performed, and antidepressant 

medications currently in use should be in stable doses for at least 6 weeks prior to 

baseline.  

Patient recruitment is being performed through advertisements in our group 

website (www.sin.org.br) and in our social media channels (Facebook: 

neuropsiquiatria.ipq; Instagram: neuropsiquiatria.ipq; LinkedIn: sin-ipq). We also accept 

clinical referrals from health professionals. Finally, the press offices of the Institute of 
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Psychiatry and of the University of São Paulo Medical School also perform periodic 

announcements regarding our project, with considerable attention from traditional 

media.    

Our screening process consists of two stages. Firstly, interested volunteers answer 

an online and confidential survey, available through a secure REDCap (Research 

Electronic Data Capture) link, in order to provide personal contact information and 

answer basic multiple-choice questions regarding inclusion/exclusion criteria as well as 

the 9-item Patient Health Questionnaire (PHQ-9) [34]. Subsequently, all survey 

respondents who have not preliminarily indicated any exclusion criterion, and have 

achieved a score on the PHQ- 0, are invited for a 45-minute initial online interview, 

with a research-team psychiatrist, in order to confirm eligibility criteria, according to the 

Mini-International Neuropsychiatric Interview (MINI) [35]. The two-stage online 

screening process has proven an asset during the COVID-19 pandemic. Before attending 

the onsite evaluation, volunteers are screened for COVID-19 symptoms, and if COVID-19 

is suspected, a PCR SARS-CoV-2 test is required before the onsite evaluation.  

If patients have been considered eligible after these two stages (surveys and 

online interview), they are invited for an onsite visit in our research centers, for a 

complete psychiatric evaluation, written and informed consent, baseline assessments, 

and finally, randomization if enrolled. Moreover, patients will subsequently be invited to 

receive the two active interventions in: (1) an open-label 6-week crossover phase, if they 

were previously randomized to "double sham" and do not achieve response at endpoint 

-17 scores from baseline to endpoint), and (2) a 

maximum 6-month open-label follow-up phase if they were previously randomized to 

"double-active" or "ptES-only" and do achieve response at endpoint. Furthermore, 

patients who achieve response at the end of the crossover phase are also eligible for the 
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6-month open-label follow-up phase (Figure 1). However, patients who were 

randomized to "ptES-only", but do not achieve response, will not be eligible for open-label 

follow-up, as it is unlikely, they would profit from a continuation. 

 

2.3 Interventions 

   

For the combined ptES and iBT, we use tDCS devices and the BT app developed by 

Flow NeuroscienceTM (Malmö, Sweden) (Figure 2).   

The FlowTM ptES device consists of a one-size-fits-all rechargeable headset, with 

circular electrodes (area = 22.9cm2). The anode is placed over the left prefrontal cortex, 

and the cathode, over the right prefrontal cortex. The device is manufactured with 

customized, saline pre-humidified and non-reusable sponge pads, which can be easily 

adjusted over the electrodes, with the aid of circular rubber bands. FlowTM ptES devices 

are paired, via Bluetooth, to an iBT app (Flow DepressionTM - iOS/Android) and provide 

augmented-reality resources: when patients capture their faces on the smartphone 

camera, a virtual reality headset is displayed where the actual headset is to be positioned. 

For PSYLECT, the iBT app has been renamed and the original manufacturer contact 

information has been replaced with that of our research center.   

FlowTM has been approved by health regulatory agencies, for home-use in adult 

patients with MDD, in the European Union, the United Kingdom, and Brazil (National 

Agency of Sanitary Health, ANVISA). Moreover, the device has undergone an electric-field 

(EF) simulation study [36], with 15 brain models obtained from structural MRI from 

previous clinical trials performed by our team, and displayed compatible EF distributions 

as compared to those observed in traditional tDCS montages used in those previous 

studies [37,38]. Furthermore, the Flow device and app have been evaluated in a previous, 
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open-label pilot phase with 5 depressed patients, at our research center, displaying 

favorable tolerability, safety, and efficacy profiles [17]. 

 For the active tDCS sessions, current strength is delivered at 2mA (current density 

= 0.087mA/cm2), for 30 minutes, daily for 5 continuous days (with a subsequent 2-day 

pause), during the first 3 weeks, and twice-weekly for the following 3 weeks (comprising 

a total of 21 sessions in 6 weeks). For the sham tDCS sessions, the protocol is similar, but 

consists of  fade-in and fade-out phases of 1mA, for 45 seconds, at the beginning and at 

the end of the sessions, with a silent period in between for the remaining 28.5 minutes. 

 The iBT intervention is performed concomitantly to the tDCS session and consists 

of an app-based interactive protocol (with a chatbot and online videos), synchronized via 

Bluetooth, to the tDCS device. For PSYLECT, the chatbot iBT protocol has been translated 

from English to Portuguese, and all iBT videos are either presented with Portuguese 

subtitles, or in the case of meditation videos (which allow patients to close their eyes), 

have been dubbed to Portuguese. Sham iBT consists of free internet browsing. 
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2.4 Procedures 

  

Arms and Interventions 
Arms Assigned Interventions 

Experimental: Double-active 
Active portable transcranial electrical stimulation (ptES) 
and active internet-based behavioral therapy (iBT). 

 

Device: Double Active: Active portable transcranial 
stimulation (ptES) and active internet-based behavioral 
therapy (iBT) 

ptES is delivered by the Flow device (Flow 
Neuroscience, Malmö, Sweden), consisting of a one-
size-fits-all, transcranial direct current stimulation 
(tDCS) headset with circular electrodes (area = 
22.9cm2). The anode is positioned over the left 
prefrontal cortex, and the cathode over the right 
prefrontal cortex. Current strength is set at 2mA (current 
density = 0.087mA/cm2) for 30 minutes, daily for 5 
continuous days (with a 2-day pause) for the first 3 
weeks, with twice-weekly sessions for the following 3 
weeks (total of 21 sessions in 6 weeks). Active iBT 
consists of a smartphone app with an electronic 
therapist-avatar. The iBT sessions are delivered 
concomitantly to the tDCS sessions (the tDCS device 
connects via bluetooth to the participant’s smartphone 
app). 

 

Active Comparator: ptES-only 
Active portable transcranial electrical stimulation (ptES) 
and sham internet-based behavioral therapy (iBT). 

 

Device: ptES-only: Active portable transcranial stimulation 
(ptES) and sham internet-based behavioral therapy (iBT) 

ptES is delivered by the Flow device (Flow 
Neuroscience, Malmö, Sweden), consisting of a one-
size-fits-all, transcranial direct current stimulation 
(tDCS) headset with circular electrodes (area = 
22.9cm2). The anode is positioned over the left 
prefrontal cortex, and the cathode over the right 
prefrontal cortex. Current strength is set at 2mA (current 
density = 0.087mA/cm2) for 30 minutes, daily for 5 
continuous days (with a 2-day pause) for the first 3 
weeks, with twice-weekly sessions for the following 3 
weeks (total of 21 sessions in 6 weeks). The sham iBT 
sessions are delivered concomitantly to the active ptES 
sessions (the ptES device connects via bluetooth to the 
participant’s smartphone app). 

 

Sham Comparator: Double-sham 
Sham portable transcranial electrical stimulation (ptES) 
and sham internet-based behavioral therapy (iBT). 

 

Device: Double-sham: Sham portable transcranial 
stimulation (ptES) and sham internet-based behavioral 
therapy (iBT) 

Sham ptES for this trial is delivered by the Flow device 
(Flow Neuroscience, Malmö, Sweden), consisting of a 
one-size-fits-all transcranial direct current stimulation 
(tDCS) headset, with circular electrodes (area = 
22.9cm2). The anode is positioned over the left 
prefrontal cortex, and the cathode over the right 
prefrontal cortex. The sham protocol consists of a fade-
in and fade-out phases of 1mA for 45 seconds, followed 
by a silent period in between for the remaining 28 1/2 
minutes. The sham iBT sessions are delivered 
concomitantly to the sham ptES sessions (the ptES 
device connects via bluetooth to the participant’s 
smartphone app). 

 



18 
 

Upon trial enrollment, patients are initially registered by our research team on the 

study dashboard, using a personal email as identification. Patients then receive a 

confirmatory email and are instructed to: (1) download the trial app (in iOS or Android), 

(2) create their own personal app account and password, which are validated by a trial-

provided security code. Randomization (1:1:1) is performed remotely through a 

computer random generator, using a Mersenne Twister algorithm. Subsequently, 

patients receive another email for confirmation of trial enrollment, thereby completing 

the randomization process and trial registration, with preservation of allocation 

concealment.   

Once patients have been enrolled and randomized, their personal accounts 

become visible for the research team, on the study dashboard, where only the researchers 

can oversee adherence to, and completion of, home-based trial sessions, all the while 

remaining blinded.  Patients are advised not to describe their app characteristics during 

the clinical evaluations, for this would unblind the investigators; however, reports of 

ptES-related adverse events are actively assessed during these online meetings. If 

unblinding occurs at any point during an evaluation, patients will be referred to another 

blinded member of the team for the remaining part of the trial. Blinding efficacy 

assessments for both evaluators and patients are performed at the endpoint. 

For the evaluation of depression and anxiety symptoms, we use the following 

scales: (1) Hamilton Depression Rating Scale, 17-item version (HDRS-17) [30], (2) 

Montgomery–Åsberg Depression Rating Scale (MADRS) [39],  (3) Beck Depression 

Inventory - II (BDI-II) [40], (4) Positive and Negative Affect Scale (PANAS) [41], and (5) 

State-Trait Anxiety Inventory (STAI) [42]. To evaluate for treatment-emergent manic or 

hypomanic symptoms and tDCS-related adverse events, the Young Mania Rating Scale 

(YMRS) [43] and the tDCS adverse events survey [12] are applied, respectively. We will 
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report all additional adverse events not otherwise captured by the structured tDCS-

related adverse events questionnaire.  

Clinical usability of the device is evaluated through a 5-item Likert scale, designed 

specifically for this trial (which incorporates questions about the ptES device and iBT 

app). The Edinburgh Handedness Inventory - Short Form [44], the Defined Daily Dose 

(DDD) medication form [45], and sociodemographic and head measurements (head 

circumference, nasion-inion and tragus-tragus distances) are collected at baseline. The 

Clinical Global Impression Rating (CGI) form is applied at baseline and endpoint [46] 

(Table 1).  

 

 Baseline W1 W2 W3 W4 W5 W6 

Sociodemographi
c data/ head 

measurements 

       

Edinburgh 
Handedness 

Inventory (short 
version) 

       

DDD        

HDRS-17        

HAM-A        

MADRS        

CGI        

YMRS        

Blinding 
assessment - 

evaluator 

       

Blinding 
assessment - 

patient 
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PANAS        

STAI-T        

STAI-S        

BDI - II        

LIkert usability 
scale 

       

tDCS side effect 
questionnaire 

       

 
Table 1. Clinical scales and questionnaires used during Psylect. Abbreviations: 

DDD: Defined Daily Dose; HDRS-17: Hamilton Depression Rating Scale, 17-item version; 
HAM-A: Hamilton Anxiety Rating Scale; MADRS: Montgomery-Åsberg Depression Rating 
Scale; CGI: Clinical Global Impression; YMRS: Young Mania Rating Scale; PANAS: Positive 
and Negative Affect Rating Scale; STAI-T/STAI: State-Trait Anxiety Inventory; BDI-II: 
Beck Depression Inventory - II; tDCS: transcranial direct current stimulation. 

 

The first ptES session of each patient is performed at our research centers, with 

direct supervision of unblinded members of our team, who are not directly involved with 

clinical evaluations. These members need to be unblinded once they offer consultations 

regarding app usage. In this initial training session, the different parts of the equipment 

are presented to the patients, as well as recommendations on when to interrupt the 

session (i.e., presence of pain or any serious discomfort). If any difficulties are detected 

during the initial training session, additional onsite training sessions can be scheduled. 

Once patients are deemed trained for ptES, all further sessions are performed without 

supervision at the patients' homes, with recommendations to remain at physical rest 

(sitting or lying down), throughout the session, in a calm environment and concentrated 

on the app´s instructions. The app offers a tutorial on how to correctly place the headset, 

before each individual session, and informs patients to remove the headset after session 

completion. The app also notifies patients when the headset needs recharging, and sets 
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off reminders for subsequent sessions, which can be performed after a minimum interval 

of 24 hours. Missed sessions can be rescheduled for the upcoming weeks, with no more 

than 5 sessions per week. 

Patients are evaluated online on a weekly basis by the blinded members of the 

research staff. Moreover, all trial patients have remote access to supervision upon 

request by unblinded members of the team. For this purpose, we provide a mobile 

number for immediate contact. If medical attention is deemed necessary, due to an 

intercurrence or significant adverse event, an online medical appointment is performed 

within 48 hours. If needed, patients can also be referred to an onsite clinical evaluation 

at our research centers. Furthermore, adherence and completion of sessions are 

monitored online, through the study dashboard. Early unblinding and trial 

discontinuation before study completion are initiated by the following circumstances: (1) 

significant depression worsening, defined as a > 25% increase in HDRS-17 scores from 

baseline, during two consecutive weekly assessments; (2) development of suicidal 

ideation or suicide attempt; (3) development of psychotic symptoms; (4) development of 

adherence to study protocol, defined as < 75% of completed sessions, at any point during 

the study; (6) absence at any weekly evaluation without justification; and (7) patient 

consent withdrawal. 

After trial completion, the endpoint assessments will be completed by blinded 

members of our research team. As a final step, patients and clinical evaluators will be 

unblinded using the study dashboard, and eligibility for the crossover and follow-up 

stages will be assessed. If participation in the study is terminated at the endpoint 

assessment, patients are referred to their original treatment facilities.    
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2.5 Digitalization 

 

The Psylect trial has been conceived as a trial with a partial degree of digitization 

- i.e., although the trial involves onsite evaluations and patient training, it also makes use 

of online technologies to "improve recruitment and retention, data collection, and 

analytics" [47]. We perform digital procedures to screen and recruit patients, perform 

weekly clinical assessments of enrolled patients (from weeks 1 to 5; baseline and 

endpoint assessments are performed onsite), remotely monitor adherence to the home-

based study protocol, receive responses of self-administered surveys and questionnaires 

(through the REDCap platform). Furthermore, instructional online videos for correct 

positioning of the headset and Bluetooth connection to the smartphones, for the active 

and sham BT interventions, are also offered online.  

 

2.6 Data Management 

 

Study data are collected and managed using REDCap (Research Electronic Data 

Capture). REDCap is a secure, web-based software platform designed to support data 

capture for research studies, providing: 1) an intuitive interface for validated data 

capture; 2) audit trails for tracking data manipulation and export procedures; 3) 

automated export procedures for seamless data downloads to common statistical 

packages; and 4) procedures for data integration and interoperability with external 

sources [48,49]. REDCap can be installed in a variety of environments, in compliance with 

international standards, such as HIPAA (Health Insurance Portability and Accountability 

Act), CFR (Code of Federal Regulations) Title 21/Part 11, FISMA (Federal Information 
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Security Management Act), and Brazilian data management regulations (Lei Geral de 

Proteção de Dados - LGPD). 

Data will be coded according to a previously developed data dictionary. Quality of 

data collection will be monitored by random data quality checks for consistency (e.g., 

depression scores compatible in different scales) and completeness (absence or few cases 

of missing data). 

  

 2.7 Sample Size Calculation 

 

For Psylect, we estimated a total sample size (n) of 210 randomized patients (70 

patients per arm), to achieve the ability to observe statistically significant effects, with a 

Dropouts were assumed to increase monotonically (Weibull) 

and to be equally distributed between arms. We will use 4 measurements (continuous 

linear change from baseline, weeks 2, 4 and endpoint), between the 3 arms (time x group 

interaction), in the framework of linear mixed-effects models (LMM) [50,51].  

For our sample size calculations, we assumed baseline depression scores and 

standard deviation (SD) of 25 (±5) on the HDRS-17, distributed equally between groups, 

based on previous works from our group [37,38,52]. Furthermore, we considered that: 

(1) placebo effects in the double-sham arm will impact baseline depression scores equal 

to 1 effect size (ES) in SD units (ES = difference in mean change divided by SD); (2) the 

"ptES-only" arm will have the same placebo effects present in the double-sham arm (ES 

= 1), plus a treatment response of ES = 0.4; and, (3) the "double-active" arm will have 

placebo effects (ES = 1) plus a larger response of ES = 0.8. Therefore, probable endpoint 

scores of 20, 18 and 16 were used, for "double-sham", "ptES-only" and "double-active", 

respectively. The effect sizes were also chosen based on the results from our previous 
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trials and considering that tDCS and online behavioral therapies have small to moderate 

effect sizes. 

Sample size per arm was calculated based on the smallest detectable group 

difference (ES tDCS vs. combination = -0.4, ES placebo vs. tDCS = -0.4). Significance levels 

were Bonferroni corrected for 3-way pairwise comp

family-wise error rate, while still allowing for more anti-conservative adjustment in the 

final analysis [53–55].  

 

 2.8 Statistical analysis 

 

As we have 3 co-primary hypotheses, each co-primary hypothesis will be 

considered statistically significant if a two-sided p<0.0167 (Bonferroni-corrected) is 

obtained. For the analysis of the coprimary outcomes, LLM will be employed, using a first 

order regressive covariance structure, which includes all observed variables without the 

need of imputing missing data. The dependent variable is score change on the HDRS-17. 

Independent variables are time (all observations until week 6), and group ("double-

active", "ptES-only" and "double-sham"). We will test the statistical significance between 

the pairwise comparisons per our primary hypotheses. We will employ an intention-to-

treat (ITT) approach. 

For the analysis of the secondary outcomes, linear mixed-effects models will be 

employed analogically to the analysis for the primary outcomes. Binary outcomes 

(response and remission) will be modeled using mixed logistic regression at each 

timepoint. Improvement in other depressive domains will be evaluated using the same 

linear hierarchical models described. 
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3. Discussion 

 

Psylect will compare the efficacy, safety, tolerability and usability of: (1) a 

combined and active regimen of ptES and iBT compared to active ptES in monotherapy; 

(2) a combined and active regimen of ptES and iBT compared to a double sham 

counterpart; and (3) active ptES in monotherapy versus a double sham, for the treatment 

of MDD, in adult patients, during 6 weeks. Antidepressant medications currently in use at 

baseline will be maintained throughout the trial, in stable doses.  

After two RCTs developed by our team that have, respectively, studied the 

combination of tDCS and an antidepressant in a factorial design [38], and the non-

inferiority of tDCS in comparison to an antidepressant [37], in PSYLECT we aim to 

evaluate the combination of a home-based tDCS protocol with an internet-based 

behavioral therapy approach. 

Neurobehavioral strategies have been increasingly associated with tDCS for the 

treatment of MDD and other mental disorders, initially inspired by positive results with 

the combination of tES and motor rehabilitation for the treatment of stroke [19,20]. The 

neurobiological rationale behind these combinations is based on the "state dependency" 

of targeted neural circuits [19], with recent evidence suggesting that ongoing neural 

activity is necessary for tDCS to bring forth neuroplastic effects, especially with 

concurrent interventions [20]. Previously, Segrave et al. studied the combination of tDCS 

with cognitive-control training (CCT) in 27 patients with MDD, and observed that the 

combined treatment demonstrated superior efficacy when compared to either treatment 

alone, in the reduction of MADRS scores, after 3 weeks [21]. Brunoni et al. (2014) [22] 

also studied the treatment effect of concurrent tDCS and CCT in 37 patients with MDD. In 

this study, although both arms (active CCT + active tDCS and active CCT + sham tDCS) 
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displayed similar improvements, it was observed that among patients who received 

active tDCS, a greater reduction in depressive symptoms was observed in older 

individuals with better performance in speed and flexibility of information processing, 

possibly indicating greater engagement of the DLPFC [22]. Recently, another pilot study 

(n = 31) observed that the combination of tDCS and mindfulness-based cognitive therapy 

in depressed patients was superior in the maintenance of clinical improvement at a 

follow-up assessment, as compared to tDCS alone, strengthening the hypothesis that a 

combined approach could offer therapeutic advantages over tDCS in monotherapy [56].  

 Despite these advancements in tDCS research and methodology, patient access to 

the technique is still limited, mainly for logistical reasons. Daily tDCS sessions, performed 

over several weeks, in clinical or research facilities, can present a challenge to patients, 

especially in pandemic scenarios [57]. On the other hand, home-use tDCS devices have 

only recently been developed. Guidelines for conducting research with tDCS at home 

already exist [18], but few trials have investigated this procedure. An open-label pilot 

study (n=34) [16] and a case series (n=5) [17] have observed that home-use tDCS for 

MDD could be feasible, safe and tolerable.  

In line with the rationale in the paragraph above, we understand that 

psychological interventions (i.e., neurocognitive interventions, such as psychoeducation 

or behavioral activation) performed in research facilities could also present similar 

logistical challenges. In this sense, it is noteworthy that these remote interventions have 

been used for depression in the last 30 years, according to the available technology in 

each period (for example, through books, phone calls, software, text messages and, more 

recently, through smartphone apps). Automated programs are usually carried out 

through interactive modules and multimedia techniques (photos, advice, sketches and 

videos), to engage and motivate patients, generally in an add-on strategy to first-line 
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treatments. Online interventions can be multifaceted, including cognitive training, self-

monitoring of mood, mindfulness, psychoeducation, behavioral activation, and cognitive 

bias modification [58]. A positive trend was observed for fully automated applications 

and for interventions that provided user feedback (i.e., statistics and progress) [58].  

However, one limitation of online psychological interventions [58] is the lack of a 

clinically verified MDD diagnosis in enrolled patients. This shortcoming was addressed 

by Josephine et al. (2017), who conducted a systematic review of CBT apps in the 

treatment of clinically diagnosed MDD [25]. Reviewing data from 19 selected studies, the 

[25]. 

However, only a small minority of online interventions are supported by controlled 

studies and many might profit from the "digital placebo effect", characterized as "placebo-

like effects seen from mobile health interventions, such as smartphone apps, and which 

can influence the overall therapeutic response [59]. In PSYLECT, we use a sham app, 

instead of no intervention, in consonance with our endeavor to better quantify the digital 

placebo effect. Furthermore, hundreds of apps are currently available for the treatment 

of depression, but few studies have been carried out comparing the effect of these 

internet-based interventions versus sham, in real-life scenarios, and with larger and more 

heterogeneous clinical samples [60]. Moreover, only a small minority of commercially 

available mental health apps are supported by evidence from controlled studies [29]. 

 

3.1 Limitations and challenges 

 

The use of digital features within a trial using remote interventions, such as ours, 

present both new opportunities and challenges. Regarding opportunities, this approach 
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can overcome some of the main difficulties of on-site tDCS trials, such as the need of daily 

visits for several weeks due to treatment schedule and allocating staff for device 

manipulation. By performing the trial remotely, dislocation burdens are non-existent, as 

well as the physical need for space at the hospital, and trained staff for delivering tDCS 

sessions, aspects that increase trial length (usually, the person delivering tDCS sessions 

can monitor only 2-3 people at once, and physical constraints make delivering several 

sessions per day difficult). In contrast, a single member of the team can monitor several 

people using ptES devices at home simultaneously. This aspect is further leveraged by 

using methods for recruiting potential patients in large catchment areas via social media 

and Internet. 

About challenges, there are many unique, specific methodological aspects that 

operate differently. For instance, randomization and allocation are markedly different in 

digital trials compared to the traditional SNOSE method (sequentially numbered, opaque, 

and sealed envelopes) used in many onsite trials. There are also risks of cyber-hacking 

and data security breaches, making digital clinical trials more vulnerable to these 

hazards. Moreover, there are concerns that patients can discuss their participation in 

PSYLECT in online forums (e.g., reddit) or social media, including taking pictures of the 

app and the device, even if they are instructed not to do so.      

Finally, it is unclear whether external validity is increased or decreased in our 

study. While it could be argued that a greater sample diversity will be achieved due to 

ease of access to potential patients, it is also possible that a specific population of people 

are being contacted and enrolled preferentially, representing those more educated, more 

digitally literate, and more prone to embrace new technologies. It is also unclear whether 

we should expect higher or lower levels of attrition compared to onsite trials. On the one 

hand, not needing to return daily to the clinical center could decrease burden and 
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minimize dropouts. On the other hand, patients from digital trials might show less 

engagement and more difficulties in self-delivering the sessions. The lack of daily contact 

with the clinical staff might eventually decrease motivation and increase dropouts. All 

these aspects will be carefully monitored in our ongoing study. 

 

4. Conclusions 

  

tDCS has proven a safe, tolerable, and effective strategy for the treatment of MDD. 

The moderate effect size of the intervention and the logistical issues associated with daily 

visits to research and/or clinical facilities has created interest in the evaluation of new 

approaches, such as home-based, remotely supervised regimens and the combination of 

tDCS with psychological interventions. These new strategies are still in their nascent 

stages, with preliminary and positive data derived from small, pilot trials. In this regard, 

PSYLECT will be an RCT with a large sample size, to evaluate the effectiveness, safety, 

tolerability, and feasibility of ptES associated with iBT, as compared to ptES in 

monotherapy and double sham, for the treatment of MDD, in adult patients.  
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Summary of changes 

 

 Original Protocol Final Protocol Summary of 
changes 

Design 3-arm, parallel, randomized, 
sham-controlled clinical trial 

3-arm, parallel, randomized, 
sham-controlled clinical trial No change. 

Primary aim 

The aim is to study the effect 
of mobile transcranial direct 
current stimulation (tDCS) 

combined with a 
psychological digital 

intervention (DI), compared 
to double placebo, in adult 

patients with unipolar 
depression, without 
concomitant use of 

antidepressant medications, 
during a period of 6 weeks. 

The aim is to study the  effect 
of mobile transcranial direct 
current stimulation (tDCS) 

combined with a 
psychological digital 

intervention (DI), compared 
to mobile tDCS-only and 
double placebo, in adult 

patients with unipolar 
depression, without 
concomitant use of 

antidepressant medications, 
during a period of 6 weeks. 

We included the 
comparison of the  
mobile tDCS-only 

arm in the 
primary aim in 

order to: (1) 
evaluate the 

additive effects of 
the DI above and 
beyond tDCS; and 
(2) preserve the 

internal 
validity of the 

study, considering 
that unexpected 

biases could arise 
in this digital trial 

that might not 
necessarily be 

present in on-site 
trials. Note: The 

mobile tDCS-only 
arm was present in 

the original 
protocol, but for 

secondary 
aims/analyses. 

Primary 
hypothesis  

Our main hypothesis is that 
the combined treatment is 

superior to the double 
placebo in reducing 

depressive symptoms 
throughout a 6-week 
treatment protocol. 

We hypothesized that, after 
six weeks of treatment, both 

active treatment groups 
(combined and mobile 

tDCS-only) would be 
clinically superior to the 

sham group, with the 
combined treatment group 

presenting a greater 
antidepressant effect. 

We included the 
comparison of the 
the mobile tDCS-
only arm in the 

primary 
hypothesis in 
order to: (1) 
evaluate the 

additive effects of 
the DI above and 
beyond tDCS, (2) 

preserve the 
internal 

validity of the 
study, considering 
unexpected biases 
that could arise in 

this digital trial 
that might not 
necessarily be 

present in on-site 
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trials. Note: The 
mobile tDCS-only 

arm was present in 
the original 

protocol, but for 
secondary 

aims/analyses. 
 

 

Secondary 
aims 

The secondary aims of Psylect 
include examining: (1) 

secondary depression scales; 
(2) clinical response and 

remission scales; (3) 
tolerability/acceptability; (4) 

clinical predictors of 
response; (5) cognitive 

outcomes; and (6) clinical 
usability of mobile 

transcranial direct current 
stimulation (tDCS). 

The secondary objectives of 
Psylect include examining: 

(1) secondary depression and 
anxiety scales; (2) clinical 

response and remission 
scales; (3) 

tolerability/acceptability; (4) 
clinical usability of mobile 
transcranial direct current 

stimulation (tDCS). 

Inclusion of 
anxiety scales to 

better understand 
the effects of the 
intervention in 

comorbid anxiety. 
Removal of 

predictors of 
response and 

cognitive 
outcomes. 

Secondary 
hypotheses 

We expect the combined 
intervention to be superior to 
mobile tDCS in monotherapy 

and double-sham in 
secondary scales of 

depression, clinical response 
and remission rates. For item 

(3),we anticipate that all 
groups will have similar rates 

of adverse events. For item 
(6), we expect that >80% of 

the participants will evaluate 
the use of mobile transcranial 

direct current stimulation 
(tDCS) as (very) easy. 

We expect the combined 
intervention to be superior to 
mobile tDCS in monotherapy 

and double-sham in 
secondary scales of 

depression and anxiety 
scales, clinical response and 

remission rates. For item 
(3),we anticipate that all 

groups will have similar rates 
of adverse events. For item 
(4), we expect that >80% of 

the participants will evaluate 
the use of mobile transcranial 

direct current stimulation 
(tDCS) as (very) easy. 

Inclusion of 
anxiety scales to 

better understand 
the effects of the 
intervention in 

comorbid anxiety. 
Removal of 

predictors of 
response and 

cognitive 
outcomes. 

 

Randomization 

Randomization (1:1:1) is 
performed remotely through 

a computer random 
generator. 

Randomization (1:1:1) is 
performed remotely through 

a computer random 
generator, using a Mersenne 

Twister algorithm. The 
randomization list was 

protected by cryptography 
and was 

only broken after the 
analyses of all a priori 

hypotheses. 

Implementation of 
a Mersenne 

Twister algorithm 
for remote 

randomization in 
the final protocol. 

Allocation 

Allocation was concealed via 
an app (Flow Neuroscience 
[2021], Projeto Psylect [app 

version 2.14.0]) that 
seamlessly assigned the 

participants' group 

Allocation was concealed via 
an app (Flow Neuroscience 
[2021], Projeto Psylect [app 

version 2.14.0]) that 
seamlessly assigned the 

participants' group 

No change. 
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after their online registration. after their online registration. 

Blinding Double-blind Double-blind No change. 

Inclusion 
criteria 

The inclusion criteria are: (a) 
age between 18 and 59 years; 

(b) initial score on the 
Hamilton Rating Scale, 17 

time of screening and initial 
evaluation; (c) at least 8 years 

of schooling; (d) availability 
to use smartphone 

applications (i.e., having a 
smartphone with internet 

access). 

The inclusion criteria are: (a) 
age between 18 and 59 years; 

(b) initial score on the 
Hamilton Rating Scale, 17 

time of screening and initial 
evaluation; (c) at least 8 years 

of schooling; (d) availability 
to use smartphone 

applications (i.e., having a 
smartphone with internet 

access). 

No change. 

Exclusion 
criteria 

The exclusion criteria are: (a) 
previous episodes of 
mania/hypomania or 

diagnosis of bipolar affective 
disorder; (b) 

contraindications for the use 
of tDCS, such as metal plates 

in the head; (c) suicidal 
ideation with planning, or 

suicide attempt in the last 4 
weeks; (d) refractoriness to 

more than 3 treatments with 
antidepressant drugs; (e) 

pregnancy; (f) other 
psychiatric diagnoses, such as 

schizophrenia, substance 
dependence, personality 
disorders, among others 
(anxiety disorders as a 

comorbidity will be 
included); (g) severe clinical 
and neurological conditions; 

(h) depressive symptoms 
better explained by other 

clinical conditions 
(hypothyroidism, anemia, 

etc.) or by other psychiatric 
disorders. 

The exclusion criteria are: (a) 
previous episodes of 
mania/hypomania or 

diagnosis of bipolar affective 
disorder; (b) 

contraindications for the use 
of tDCS, such as metal plates 

in the head; (c) suicidal 
ideation with planning, or 

suicide attempt in the last 4 
weeks; (d) refractoriness to 

more than 3 treatments with 
antidepressant drugs; (e) 

pregnancy; (f) other 
psychiatric diagnoses, such as 

schizophrenia, substance 
dependence, personality 
disorders, among others 
(anxiety disorders as a 

comorbidity will be 
included); (g) severe clinical 
and neurological conditions; 

(h) depressive symptoms 
better explained by other 

clinical conditions 
(hypothyroidism, anemia, 

etc.) or by other psychiatric 
disorders. 

No change. 

tDCS 
intervention 

For the application of tDCS 
sessions, we will use portable 

devices called Flow™ (Flow 
Neuroscience, Malmö, 

Sweden). The anode and 
cathode will be positioned 

over the left and right 
dorsolateral prefrontal cortex 

(DLPFC), respectively. We 
will use a current of 2mA over 
a circular surface area of 22.9 

cm2 (current density = 

For the application of tDCS 
sessions, we will use portable 

devices called Flow™ (Flow 
Neuroscience, Malmö, 

Sweden). The anode and 
cathode will be positioned 

over the left and right 
dorsolateral prefrontal cortex 

(DLPFC), respectively. We 
will use a current of 2mA over 
a circular surface area of 22.9 

cm2 (current density = 

Final protocol 
provided 21 total 

sessions, instead of 
24 sessions. 

Further details of 
sham tDCS 

included in the 
final protocol. 
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0.09mA/cm2), for a duration 
of 30 minutes, using pre-

moistened and salted custom-
made sponges. Fifteen tDCS 
sessions will be conducted 
six times per week during 
the first three weeks, and 

two sessions per week until 
week 6 (totaling 24 

sessions). 
 

0.09mA/cm2), for a duration 
of 30 minutes, using pre-

moistened and salted custom-
made sponges. Fifteen tDCS 
sessions will be conducted 
five times per week during 
the first three weeks, and 

two sessions per week until 
week 6 (totaling 21 

sessions). 
For the sham tDCS sessions, 
the protocol is similar, but 

consists of fade-in and fade-
out phases of 1 mA, for 45 
seconds, at the beginning 

and at the end of the 
sessions, with a silent 

period in between for the 
remaining 28.5 minutes. 

 
 

DI intervention 

The tDCS intervention will be 
conducted through the Flow - 

Depression mobile 
application (available on iOS 

or Android) developed by 
Flow™, which utilizes various 

modules of behavioral 
therapy. For each session, a 
different module is offered, 

encompassing six main types: 
nutrition (3 sessions), 

meditation (4 sessions), 
physical exercise (3 sessions), 

sleep hygiene (4 sessions), 
relapse prevention (4 

sessions), and behavioral 
activation (4 sessions). 

Additionally, there will be 
introductory and final 

sessions. 
The sham intervention 

consisted of free internet 
browsing, delivered 

through the same interface. 

The tDCS intervention will be 
conducted through the Flow - 

Depression mobile 
application (available on iOS 

or Android) developed by 
Flow™, which utilizes various 

modules of behavioral 
therapy The intervention 

had 7 modules, each of which 
containing short (~ 5 min) 
sessions: introduction (n=5 

sessions), 
behavioral activation (n=5), 
mindfulness (n=8), physical 
exercises (n=8), healthy diet 

(n=10), 
sleep hygiene (n=7), and 

planning the future (n=3). 
Moreover, they could spend 

additional time 
in the app when completing 
daily diaries. All content was 

offered in Brazilian 
Portuguese and 

curated by our team 11. The 
sham intervention consisted 

of free internet browsing, 
delivered 

through the same interface. 

The DI 
intervention in 
final protocol 

consisted of more 
detailed sessions 
in each module, 

comprising a 
greater number of 
sessions (during 

implementation of 
the original 

protocol, the app 
had not undergone 

complete 
translation to 

Brazilian 
Portuguese). 

Adverse events 

tDCS-related adverse events 
(AEs) were evaluated per a 

commonly 
used tDCS AE questionnaire. 

tDCS-related adverse events 
(AEs) were evaluated per a 

commonly 
used tDCS AE questionnaire. 

No changes. 

General For continuous outcomes, we For continuous outcomes, we No change. 
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statistical 
analysis 

used 2-level linear mixed-
effects regression models 
(LMM), assuming a linear 

relationship 
over time. LMMs included a 

discrete factor for the 
treatment group, a 

continuous time factor 
over 5-time points (baseline 
and weeks 2, 3, 4, and 6), and 

their interaction as fixed 
effects, 

and patient as a random 
effect. 

used 2-level linear mixed-
effects regression models 
(LMM), assuming a linear 

relationship 
over time. LMMs included a 

discrete factor for the 
treatment group, a 

continuous time factor 
over 5-time points (baseline 
and weeks 2, 3, 4, and 6), and 

their interaction as fixed 
effects, 

and patient as a random 
effect. 

Outcomes 

The primary 
outcome was the endpoint 

change in the Hamilton 
Depression Rating Scale, 17-

item version 
(HDRS-17). 

The primary 
outcome was the endpoint 

change in the Hamilton 
Depression Rating Scale, 17-

item version 
(HDRS-17). 

No change. 
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Original Statistical Analysis Plan 

 

Sample size calculation: Based on previous work, we assumed baseline depression scores 

and standard deviation (SD) of 25 (± 5) on the Hamilton depression rating scale 

distributed equally between groups. Placebo effect would impact baseline 

depression scores in one effect size (ES) in SD units (ES = difference in mean change 

divided by SD). TDCS monotherapy would have a response of ES = 0.4 when 

compared to placebo and the combination of tDCS and iBT would have a larger 

response of ES = 0.8 when compared to placebo.  Therefore, endpoint scores of 20, 

18 and 16 were used. Total sample size (N) was determined to adequately power 

(continuous linear change) between treatment arms (time x group interaction) in 

the framework of linear hierarchical models (LMM). 167,168 Following CONSORT-

guideline extensions for the planning of multi-arm parallel-group randomized trials 

169, power was not calculated for a global test of significance (e.g. global F-test) but 

for all combinations of planned pairwise comparisons (placebo vs. tDCS; placebo vs. 

tDCS + iBT; tDCS vs. tDCS + iBT). Sample size per arm was calculated based on the 

smallest detectable group difference (EStdcs vs. combination = -0.4, ESplacebo vs. 

tdcs = -0.4). Significance levels were Bonferroni corrected for 3-way pairwise 

-wise error rate, while still allowing for 

more anti-conservative adjustment in the final analysis 170–172. Dropouts were 

assumed to be monotonically increasing (Weibull) and equally distributed between 

treatment arms. We obtained a total N of 210 participants assuming 10% attrition 

rate (70 per arm). 
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Attrition: Missing data will be handled using an intention-to-treat (ITT) approach.  

Statistical analysis: Results will be considered statistically significant if a two-sided 

p<0.05 is obtained. Primary outcome: Linear hierarchical model analysis using a first 

order regressive covariance structure, which includes all observed variables without 

the need of inputting missing data. The dependent variable is HDRS-17, independent 

variables are time (all observations until week 6) and group (placebo, tDCS-only and 

tDCS+iBT). We will test the statistical significance between the slopes of tDCS + iBT 

vs. tDCS-only per our primary hypothesis. Secondary outcomes: The same linear 

hierarchical models will be used for all continuous secondary outcomes. Response 

50% (response) and a HDRS-17 scor

modeled using mixed logistic regression at each timepoint. Exploratory 

outcomes:We will investigate predictors of response by testing the interaction of 

each predictor with the group. Improvement in other depressive domains will be 

evaluated using the same linear hierarchical models described. 
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Final Statistical Analysis Plan 

 

Sample size calculation 

A sample size of 210 participants, 70 per group, was estimated. The sample size 

calculation was based on the following assumptions: (1) Baseline HDRS-17 scores and 

standard deviation (SD) of 25 ±5; (2) monotonically increasing dropouts (Weibull), 

equally distributed between groups, with an overall attrition rate of 10%; (2) placebo 

effects in the double-sham group equal to 1 effect size (ES, calculated as difference in 

mean change divided by SD); (3) the "ptES-only" arm will have the same placebo effects 

present in the double-sham arm (ES = 1), plus a treatment response of ES = 0.4; and, (4) 

the "double-active" arm will have placebo effects (ES = 1) plus a larger response of ES = 

0.8. ES were chosen based on results from previous trials, expecting small to moderate 

ES for tDCS and for the digital intervention. Sample size per group was estimated based 

on the smallest detectable group difference (ES tDCS vs. combination = -0.4, ES sham vs. 

tDCS = -0.4) to achieve a power of 80%, while applying Bonferroni correction to the 3-

 

 Statistical analyses 

The intention-to-treat sample was used for data analyses, which were conducted in R 

version 4.2.2. For the main analysis of the primary outcome (HDRS-17) and other 

psychiatric scales (BDI, MADRS, CGI-S, HAM-A, PANAS, STAI), a 2-level linear mixed-

effects regression model (LMM) was set up with the continuous scale score as outcome, 

assuming a linear relationship over time. LMMs included a discrete factor for treatment 

group, a continuous time factor over 5 time points (baseline and weeks 2, 3, 4, and 6) and 
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their interaction as fixed effects, and patient as random effect. Regarding the random 

effect patient, for each outcome, a «complete» model with patient-specific random 

intercept and slope and a “sparse” model with patient-specific random intercept only 

were fitted. The complete and the sparse models were compared with a likelihood-ratio-

test (LRT). A significant LRT indicated that model fit was better with the random slope 

included and thus the complete model was retained. In absence of significance, the sparse 

model with random intercept only was selected. The selected model was then used to 

investigate the fixed effects, with the interaction of time and group probing for treatment 

effects across time. Significance of model factors was determined using Type III ANOVA 

with Satterthwaite approximation to degrees of freedom. In the preregistration, we had 

defined three contrasts to perform pairwise group comparisons over time and mentioned 

that Bonferroni correction would be applied to these three tests to control for false-

positive findings. These contrasts for every outcome can be found in the supplement. 

Because of the lack of significant findings, we opted to report uncorrected p-values. 

Further analyses included the evaluation of response and remission rates for HDRS-17 at 

endpoint. Response was defined as a reduction by at least half of the score from baseline 

to endpoint, and remission as an endpoint score smaller or equal to 7. Logistic regression 

models were employed with endpoint HDRS-17 response or remission as outcome and 

group as predictor. Regarding usability of the tDCS devices, scores of the five visual analog 

scale (VAS) items were compared between groups using analyses of variance (ANOVA) 

for each week separately. In addition, mean scores of the VAS items per subject and week 

were summarized in five categories (Strongly Disagree (0-19), Disagree (20-39), Neither 

Agree nor Disagree (40-59), Agree (60-79), Strongly Agree (80-100)) and compared 

-squared tests or Fisher’s exact tests. The latter was employed if 
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any cell count was five or lower (Table S18). Adverse events for which participants 

reported that they were at least remotely associated with the intervention were analyzed 

in three ways. Firstly, we counted how many participants reported at least one mild, 

moderate, severe, or no adverse event at endpoint and compared the sums between 

groups using chi-square or Fisher’s exact test, as appropriate. Secondly, mild, moderate, 

and severe occurrences at endpoint were counted for each adverse event separately and 

compared between groups using chi-square or Fisher’s exact test, as appropriate. Thirdly, 

the number of occurrences of each adverse event was counted for each week, 

independently of severity, and compared between groups using chi-square or Fisher’s 

exact test, as appropriate. Reasons for dropouts were counted and compared between 

groups using Fisher’s exact tests. To evaluate blinding, a chi-squared one-sample 

proportion test was used to test if correct guesses differed from 50%. This test was 

applied to the whole sample and each group separately, both for participants and raters. 

Due to dropouts, the group sizes were slightly smaller for the analyses of response and 

remission, adverse events, and blinding
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Summary of changes 

 

 Original Protocol Published Protocol and present report Summary of changes 

Sample size 
calculation 

Based on previous work 25,26,166, we assumed baseline 
depression scores and standard deviation (SD) of 25 (± 5) 
on the Hamilton depression rating scale distributed 
equally between groups. Placebo effect would impact 
baseline depression scores in one effect size (ES) in SD 
units (ES = difference in mean change divided by SD). 
TDCS monotherapy would have a response of ES = 0.4 
when compared to placebo and the combination of tDCS 
and iBT would have a larger response of ES = 0.8 when 
compared to placebo.  Therefore, endpoint scores of 20, 
18 and 16 were used. Total sample size (N) was 

 = 0.8) statistical 
tests for differences in change over 4 measurements 
(continuous linear change) between treatment arms 
(time x group interaction) in the framework of linear 
hierarchical models (LMM). 167,168 Following 
CONSORT-guideline extensions for the planning of multi-
arm parallel-group randomized trials 169, power was not 
calculated for a global test of significance (e.g. global F-
test) but for all combinations of planned pairwise 
comparisons (placebo vs. tDCS; placebo vs. tDCS + iBT; 
tDCS vs. tDCS + iBT). Sample size per arm was calculated 
based on the smallest detectable group difference (EStdcs 
vs. combination = -0.4, ESplacebo vs. tdcs = -0.4). 
Significance levels were Bonferroni corrected for 3-way 
pairwise comparisons (  = 0.05/3) to control family-wise 
error rate, while still allowing for more anti-conservative 

A sample size of 210 participants, 70 per 
group, was estimated. The sample size 
calculation was based on the following 
assumptions: (1) Baseline HDRS-17 scores 
and standard deviation (SD) of 25 ±5; (2) 
monotonically increasing dropouts 
(Weibull), equally distributed between 
groups, with an overall attrition rate of 
10%; (2) placebo effects in the double-
sham group equal to 1 effect size (ES, 
calculated as difference in mean change 
divided by SD); (3) the "ptES-only" arm 
will have the same placebo effects present 
in the double-sham arm (ES = 1), plus a 
treatment response of ES = 0.4; and, (4) 
the "double-active" arm will have placebo 
effects (ES = 1) plus a larger response of 
ES = 0.8. ES were chosen based on results 
from previous trials, expecting small to 
moderate ES for tDCS and for the digital 
intervention. Sample size per group was 
estimated based on the smallest detectable 
group difference (ES tDCS vs. combination 
= -0.4, ES sham vs. tDCS = -0.4) to achieve 
a power of 80%, while applying 
Bonferroni correction to the 3-way 
pairwise comparisons between groups (  

No changes 
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adjustment in the final analysis 170–172. Dropouts were 
assumed to be monotonically increasing (Weibull) and 
equally distributed between treatment arms. We 
obtained a total N of 210 participants assuming 10% 
attrition rate (70 per arm). 

= 0.05/3). 
 

Statistical 
Analysis  

Primary outcome: Linear hierarchical model analysis using 
a first order regressive covariance structure, which 
includes all observed variables without the need of 
inputting missing data. The dependent variable is HDRS-
17, independent variables are time (all observations until 
week 6) and group (placebo, tDCS-only and tDCS+iBT). We 
will test the statistical significance between the slopes of 
tDCS + iBT vs. tDCS-only per our primary hypothesis. 
Secondary outcomes: The same linear hierarchical models 
will be used for all continuous secondary outcomes. 
Response and remission are respectively defined as a 

a HDRS-
modeled using mixed logistic regression at each timepoint. 

For the main analysis of the primary 
outcome (HDRS-17) and other psychiatric 
scales (BDI, MADRS, CGI-S, HAM-A, PANAS, 
STAI), a 2-level linear mixed-effects 
regression model (LMM) was set up with 
the continuous scale score as outcome, 
assuming a linear relationship over time. 
LMMs included a discrete factor for 
treatment group, a continuous time factor 
over 5 time points (baseline and weeks 2, 
3, 4, and 6) and their interaction as fixed 
effects, and patient as random effect. 
Regarding the random effect patient, for 
each outcome, a «complete» model with 
patient-specific random intercept and 
slope and a “sparse” model with patient-
specific random intercept only were fitted. 
The complete and the sparse models were 
compared with a likelihood-ratio-test 
(LRT, see Table S5). A significant LRT 
indicated that model fit was better with 
the random slope included and thus the 
complete model was retained. In absence 
of significance, the sparse model with 
random intercept only was selected. The 
selected model was then used to 
investigate the fixed effects, with the 
interaction of time and group probing for 

We did not apply 
Bonferroni correction to 
P-values because there 
were no significant 
findings. For brevity’s 
sake, the results section 
in the main manuscript 
focuses on the overall F-
test for the interaction of 
group and time, while the 
group contrasts defined 
in the original protocol 
can be found in the 
supplement. The present 
report is more detailed 
regarding variables and 
model selection.  
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treatment effects across time. Significance 
of model factors was determined using 
Type III ANOVA with Satterthwaite 
approximation to degrees of freedom. In 
the preregistration, we had defined three 
contrasts to perform pairwise group 
comparisons over time and also 
mentioned that Bonferroni correction 
would be applied to these three tests to 
control for false-positive findings. These 
contrasts for every outcome can be found 
in the supplement (Table S4). Because of 
the lack of significant findings, we opted to 
report uncorrected p-values. 
 
 

 
 


