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Abstract 

Transcranial direct current stimulation (tDCS) has emerged as a safe, cost-

effective, and scalable therapeutic strategy, with moderate effects for 

depression in adult patients. However, there are no published studies on tDCS 

in children and adolescents with depression. This study is the first to investigate 

the simulated regional electric fields (EF) in adolescents at risk for or currently 

experiencing depression. A total of 150 Brazilian adolescents (50 at low risk, 50 

at high risk of developing depression, and 50 diagnosed with depression) were 

drawn from the Identifying Depression Early in Adolescence Risk Stratified 

Cohort (IDEA-RiSCo) and compared to 51 adults with depression. Employing a 

tDCS protocol designed for adults, we measured the simulated EF magnitude in 

the bilateral dorsolateral prefrontal cortex (DLPFC) and anterior cingulate cortex 

(ACC), both key brain areas involved in depression. Statistically significant 

differences in EF magnitudes were observed between each adolescent group 

(low risk, high risk, and diagnosed with depression) and adults with depression, 

while no significant differences were found among the adolescent groups 

themselves. By focusing on a population that is often underrepresented in 

depression research, this study may pave the way for future trials to treat 

depressive disorder in adolescents with tDCS. 

Keywords: transcranial direct current stimulation (tDCS), electric fields, 

depression, pediatric populations, brain development, computational modeling 
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Introduction  

Depressive disorder is a mental health condition affecting nearly 300 

million individuals worldwide, significantly impairing daily activities, work 

performance, and overall quality of life, with the potential to lead to fatal 

outcomes1. In the youth population, depression is among the leading causes of 

disability globally, especially during adolescence—a critical period characterized 

by heightened vulnerability2.  First-line treatment options for depression, both in 

adults and in youth, include pharmacotherapy and psychotherapy. However, 

approximately one-third of these patients do not achieve remission despite 

multiple treatment attempts, highlighting the need for alternative therapies3. 

Over the past few decades, research has considerably advanced the 

application of non-invasive brain stimulation (NIBS) techniques as promising 

interventions for depression4. One of these techniques is transcranial direct 

current stimulation (tDCS). It involves applying a low electrical current to the 

scalp to alter cortical excitability and enhance neuroplasticity through γ-

aminobutyric acid (GABA) and glutamatergic systems5–7. tDCS has emerged as 

a safe, cost-effective, and scalable therapeutic strategy, with moderate effects 

for depression in adult patients 8.  

However, tDCS has been used predominantly in the adult population. 

Current studies applying tDCS to young populations have largely targeted 

autism spectrum disorders and Attention Deficit Hyperactivity Disorder9. While 

these studies indicate the safety and potential effectiveness of tDCS for these 

conditions10–13, they leave a significant gap in understanding its application in 

adolescents—with and without risk factors for psychiatric disorders9. More 

specifically, the early assessment of depression in adolescents is vital, as it can 

prevent long-term consequences and improve early intervention outcomes14. 

Given that universal therapeutic approaches are less effective than targeted 

interventions for high-risk individuals, stratifying pre-MDD adolescents into low- 

and high-risk groups is essential for effective prevention15. Notably, there are 

currently no published studies on tDCS in children and adolescents with mood 

disorders16. 

Computational modeling using finite element method (FEM)17 can be 

useful approaches to guide the optimization of tDCS protocols in children and 

adolescents by adapting protocol parameters derived from adult studies18,19. 

https://paperpile.com/c/nA9SdX/TbATc
https://paperpile.com/c/nA9SdX/DPUsz
https://paperpile.com/c/nA9SdX/sDLEI
https://paperpile.com/c/nA9SdX/jjW7J
https://paperpile.com/c/nA9SdX/EokCw+45e6q+T4zva
https://paperpile.com/c/nA9SdX/SZPSh
https://paperpile.com/c/nA9SdX/Z2hse
https://paperpile.com/c/nA9SdX/RVuWw+S9zw4+2Fm7o+AC2xu
https://paperpile.com/c/nA9SdX/Z2hse
https://paperpile.com/c/nA9SdX/D2Uob
https://paperpile.com/c/nA9SdX/ZvWQB
https://paperpile.com/c/nA9SdX/s0u59
https://paperpile.com/c/nA9SdX/xfiWs
https://paperpile.com/c/nA9SdX/nhx1m+XF7JR
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This approach enables the investigation of the distribution and magnitude of the 

electric field (EF) induced by tDCS. Since the EF and the resulting neuronal 

changes are polarity-dependent20, and given that anatomical properties 

significantly influence these effects21, modeling the EF is valuable for 

understanding how variations in anatomy—such as between adolescents and 

adults—impact the magnitude and distribution of the EF, and consequently, the 

effects of tDCS. 

For instance, in a study using conventional tDCS configurations (2mA 

current intensity and 25 cm2 electrodes over primary motor cortex (M1)-

supraorbital area), the peak EFs in the adolescent brain were approximately 1.5 

times higher than in the adult brain22. Although 2mA currents employed in adult 

depression trials are positioned to penetrate cortical tissue more effectively in 

younger individuals, modeling studies conducted in rodents suggest that this 

level of current intensity does not result in tissue damage23. Nonetheless, due to 

the scarcity of studies evaluating the impact of established tDCS protocols on 

adolescents, researchers have recommended more conservative dosing 

strategies. Despite its importance, limited research, even in the adult 

population24, has explored how anatomical variability during development 

affects the distribution of EF in critical regions associated with depression 

treatment, such as the dorsolateral prefrontal cortex (DLPFC) and anterior 

cingulate cortex (ACC)25–27. 

Therefore, this study is the first to investigate the EF characteristics 

across different age and depression risk groups by using adolescents from the 

Identifying Depression Early in Adolescence Risk Stratified Cohort (IDEA-

RiSCo)15,28 at risk for depression or with current depression and comparing 

them to adults with depression using tDCS protocols parameters that are 

usually considered for adult populations with depression. The primary outcome 

was the difference in the simulated EF magnitude in the bilateral DLPFC and 

ACC regions across groups (adolescents at low or high risk for depression or 

with current depression compared to adults with depression). The secondary 

outcome was the difference in the simulated EF magnitude in the bilateral 

DLPFC and ACC regions between groups of adults and adolescents with 

depression and among adolescents at risk for depression or with current 

depression. The significance of this study lies not only in its unique evaluation of 

https://paperpile.com/c/nA9SdX/7CB3l
https://paperpile.com/c/nA9SdX/B5H4U
https://paperpile.com/c/nA9SdX/zo8PG
https://paperpile.com/c/nA9SdX/8p1w9
https://paperpile.com/c/nA9SdX/fdCzx
https://paperpile.com/c/nA9SdX/wv4im+X8mWo+yOcaQ
https://paperpile.com/c/nA9SdX/ZvWQB+SYTkh
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age- and risk-specific effects on tDCS-related electric fields but also in its 

potential to inform future research and clinical practices in treating depression in 

pediatric populations.  

 

Materials and Methods 

Study design 

This cross-sectional comparative study was designed to evaluate the 

simulated EF magnitudes in the bilateral DLPFC and ACC across different 

groups (adolescents at low or high risk for depression or with current 

depression compared to adults with depression). Our study consisted of 150 

Brazilian adolescents from the IDEA-RiSCo cohort15,28, classified into three 

groups: (i) low risk and (ii) high risk of developing depression, and (iii) those 

diagnosed with depression. Additionally, a subset of 51 adults diagnosed with 

major depressive disorder (MDD) was included for comparative purposes, 

providing further insights into differences across age groups. 

 

Participants  

Adolescents at risk for depression or with current depression from the IDEA-

RiSCo cohort2,15 

The sample comprised 150 adolescents aged between 14 and 16 years 

(mean age of 15.64 ± 0.67 years, 75 males (50%)), evenly distributed into three 

groups: 50 classified as low risk (LR) of developing depression, 50 as high-risk 

(HR) and 50 with MDD, without pharmacological treatment. Each group 

comprised 25 females and 25 males. Screening was conducted in 7720 

adolescents from public schools in Porto Alegre, in the south of Brazil, and 

participant selection was based on the IDEA-Risk Score (IDEA-RS)29, a 

stratification tool developed to identify risk levels, as part of the IDEA-RiSCo 

study15. The stratification criteria classified the low-risk group as those with 

IDEA-RS scores at or below the 20th percentile; the high-risk group as those 

with scores at or above the 90th percentile; and the MDD group as those with a 

current diagnosis of MDD who also scored at or above the 90th percentile15. 

Absence of a lifetime history of depressive disorders (including dysthymia) for 

the low risk and high risk groups and presence of a current depressive episode 

for the MDD group were determined through clinical interview using the 

https://paperpile.com/c/nA9SdX/ZvWQB+SYTkh
https://paperpile.com/c/nA9SdX/ZvWQB+DPUsz
https://paperpile.com/c/nA9SdX/19Rl7
https://paperpile.com/c/nA9SdX/ZvWQB
https://paperpile.com/c/nA9SdX/ZvWQB
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Brazilian Portuguese translation of the Schedule for Affective Disorders and 

Schizophrenia for School-Age Children-Present and Lifetime Version (K-SADS-

PL)15,28,30. Depressive symptoms were assessed using the Children's 

Depression Rating Scale–Revised (CDRS-R), validated for use in adolescents. 

Data collection was approved by the Brazilian National Ethics in Research 

Commission (CAAE 50473015.9.0000.5327). All participants provided written 

assent, with additional written consent obtained from their primary caregivers. 

Our study is a secondary exploration based on adolescents’ available 

data from a well-powered study, the IDEA-RiSCo study, for which the sample 

size was estimated for the study of neurobiological differences between low- 

and high-risk adolescents. To keep the same ratio per group (n = 50) to 

evaluate neurodevelopmental effects, we added 51 adults with MDD, described 

in section 2.2.2. 

 

Adults with depression 

The adult population comprises 51 individuals aged 18 to 65 years 

(mean age of 40.02 ± 11.00 years, 12 males (23.5%)). All participants initially 

presented with a Hamilton Depression Rating Scale (HDRS) score of 17 or 

higher and had their diagnosis of MDD confirmed through the Mini International 

Neuropsychiatric Interview (MINI)31. Exclusion criteria included presence of 

other mental disorders, severe neurological or clinical diseases, severe suicidal 

ideation, psychotic symptoms, manic symptoms (score > 8 on the Young Mania 

Rating Scale), rapid cycling bipolar disorder, and contraindications to repetitive 

transcranial magnetic stimulation (rTMS) or magnetic resonance imaging (MRI), 

such as the presence of metal or electronic implants in the cephalic segment, 

epilepsy, and claustrophobia. The study was approved by local and national 

ethics committees (CAAE: 52384921.6.0000.0068). 

 

MRI data acquisition 

Structural magnetic resonance imaging (MRI) was performed for both the 

adolescent and adult samples. For adolescents, scans were conducted using a 

3T Ingenia scanner (Koninklijke Philips N.V., The Netherlands), software 

version 5.3.1, at the Hospital de Clínicas de Porto Alegre, Porto Alegre (RS), 

Brazil. Adults underwent MRI using a 3T Achieva scanner (Philips) at the 

https://paperpile.com/c/nA9SdX/ZvWQB+SYTkh+9ZyuS
https://paperpile.com/c/nA9SdX/RN7vB
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Instituto de Radiologia do Hospital das Clínicas, São Paulo, Brazil. All 

participants, regardless of age, adhered to standardized procedures prior to 

imaging acquisition, which included the removal of metal objects to ensure 

safety and image quality, and they were instructed to keep their heads still 

during the scan. Participants were informed about the duration of the scan and 

were assured that they could communicate with the experimenter at any time. 

For the adolescent participants, high-resolution structural images were 

acquired using T1-weighted volumetric acquisition (MPRAGE) in the sagittal 

plane with the following parameters: TR = 8.7 ms, TE = 4 ms, TI = 900 ms, flip 

angle = 8°, field of view = 256 x 242 mm, with 200 slices of 0.94 mm thickness 

and an acquisition matrix of 272 x 255, yielding a voxel resolution of 0.94 x 0.94 

x 0.94 mm³. Notably, dynamic stabilization was not employed for adolescent 

scans. Dynamic stabilization was not applied because the acquisition protocol 

used in this study did not include this feature for structural imaging. The Philips 

Ingenia 3T scanner (software version 5.3.1) did not include a prospective 

motion correction module for anatomical scans. Head motion was minimized 

using foam padding and verbal instructions before and during scanning. During 

acquisition, real-time image previews were monitored, and the sequence was 

repeated whenever motion was observed. After acquisition, images were 

visually inspected to ensure the absence of motion artifacts and the anatomical 

precision required for subsequent analyses. 

Adult patients had T1-weighted images collected with a different set of 

parameters: repetition time (TR) = 7.0 ms, echo time (TE) = 3.2 ms, excitation 

angle (FA) = 8°, field of view (FOV) = 240 x 240 mm2, and a matrix of 240 x 240 

pixels, resulting in 180 slices of 1 mm thickness, yielding a voxel size of 1 x 1 x 

1 mm³. Additionally, a T2-weighted sequence was utilized with TE = 287 ms, TR 

= 2100 ms, 180 axial slices (thickness = 1 mm), FA = 90º, and FOV = 256 x 256 

mm. Dynamic stabilization was employed for the adult participants to minimize 

motion artifacts, along with cardiac and respiratory monitoring during image 

acquisition. More than 90% of the adult sample was actively medicated at the 

time of MRI acquisition. 
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E-field modeling analysis 

Creating head models  

Head models were generated via charm from the SimNIBS (v4.0.0), a 

free and open-source software package developed by the Danish Research 

Centre for Magnetic Resonance in Copenhagen, Denmark. The charm tool 

enables general modeling for each subject using T1-weighted MRI facilitating 

the reconstruction of high-resolution head models. An examination of 

segmentations slice-by-slice was undertaken to ensure accurate tissue 

classifications. Subsequently, tetrahedral volume mesh head models were 

generated based on the segmentation surfaces utilizing SimNIBS32,33.  

 

Simulation 

The simulation phase began after the individual tetrahedral volume mesh 

head models were created. SimNIBS was employed to conduct simulations 

utilizing a standard bilateral montage, wherein tDCS electrodes were positioned 

with the anode and cathode at F3 and F4, respectively, using the standard 

SimNIBS methodology to map the 10-10 EEG system (Figure 1). In the 

simulations, the electric current intensity was set to 2 mA for the left hemisphere 

and -2 mA for the right hemisphere. The electrodes, configured in a rectangular 

shape, measured 5 x 5 cm, with a thickness of 5 mm. The saline-soaked 

sponges utilized in the simulation had a thickness of 6 mm. The conductivity 

parameters were adjusted based on the default settings in SimNIBS, 

encompassing white matter (0.126 S/m), gray matter (0.275 S/m), cerebrospinal 

fluid (1.654 S/m), skull (0.010 S/m), skin (0.465 S/m), and eyeballs (0.500 S/m). 

We considered the same values for both adolescent and adult samples to focus 

on the morphological effects34. 

https://paperpile.com/c/nA9SdX/AdHrt
https://paperpile.com/c/nA9SdX/daWO9
https://paperpile.com/c/nA9SdX/lCox8
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Figure 1: Illustration of the tDCS settings performed in the present study using software 

SimNIBS. (a) Demonstration of the stimulation site: anodal electrode positioned over 

the left DLPFC (F3 in 10-10 EEG system, yellow electrode) and cathodal over the right 

DLPFC (F4 in 10-10 EEG system, blue electrode) and (b) simulated electric field for 

the tDCS. The colour represents the simulated electric field magnitude according to the 

montage settings, with red color representing the highest values. tDCS: transcranial 

direct current stimulation. EEG: electroencephalography. DLPFC: dorsolateral 

prefrontal cortex.  

 

Regions of Interest (ROIs) Definition 

The selected ROIs targeted for the study were the brain areas in which 

simulated EF strength (represented as "magnE" in SimNIBS software) was 

assessed. Magnitude in this context refers to the strength or intensity of the EF 

applied to a specific brain region. It is quantitatively represented by the variable 

"magn E" and typically measured in volts per meter (V/m). This measure 

reflects the extent of EF exposure a particular brain area receives during 

stimulation, influencing the neural activity in that region. 

In order to define the DLPFC, we used the Sallet atlas (2013)35, which 

provides a detailed parcellation of the area based on functional and 

tractography data through a cross-species comparison of both humans and 

primates. The atlas divides the DLPFC into 10 subregions, denominated 

"clusters", which are also recognized by their corresponding Brodmann areas 

https://paperpile.com/c/nA9SdX/yIK8H
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(BAs). The DLPFC is a critical area involved in executive functions such as 

working memory, cognitive control, and decision-making. The Sallet et al. atlas 

(2013) defines the following subregions: the Supplementary Motor Area (SMA) 

(cluster 1), the pre-Supplementary Motor Area (pre-SMA) (cluster 2), Brodmann 

area 9 (cluster 3), and Brodmann area 10 (cluster 4). Additionally, on the lateral 

surface, six areas were identified and labeled as follows: area 9/46d (cluster 5), 

area 9/46v (cluster 6), Brodmann area 46 (cluster 7), area 8A (cluster 8), 

anterior dorsal premotor area (PMd) (cluster 9), and area 8B (cluster 10) (Figure 

2, Table 1 from Supplementary Material). These clusters, as defined by the 

atlas, helped to pinpoint specific functional and anatomical subdivisions within 

the broader DLPFC area, providing a refined understanding of its diverse roles 

and connectivity patterns. 

The ACC ROI was assessed by using the parcellation of the 

Brainnetome atlas36, a connectivity-based parcellation framework that identifies 

the subdivisions of the whole human brain, providing a cross-validated and 

multimodal anatomical and functional parcellation atlas based on structural MRI, 

diffusion tensor imaging and resting-state fMRI connectivity. In this study, two 

subregions of the ACC were analyzed in both the left and right hemispheres. 

Specifically, we focused on the subgenual ACC (sgACC) and pregenual ACC 

(pgACC) using the “A32sg” and “A32p” ROIs from the Brainnetome atlas, due to 

their significant roles in predicting antidepressant response27  (Figure 2). 

 

 

Figure 2: Regions of Interest (ROIs). For illustrative purposes, the regions were 

presented as circles centered on their center of mass in MNI coordinates. SMA: 

Supplementary Motor Area. BA: Brodmann area. ant PMd: anterior dorsal premotor 

https://paperpile.com/c/nA9SdX/3sOzT
https://paperpile.com/c/nA9SdX/yOcaQ
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area. ACC: Anterior Cingulate Cortex. pg: pregenual. sg: subgenual. MNI: Montreal 

Neurological Institute. 

 

Electric field values calculation  

We first used the mni2subject function to transform the ROI's coordinates 

from MNI space into the individual participant space. Subsequently, the nii2msh 

function was applied to generate surface meshes from the transformed clusters. 

To quantify the Electric Field (EF) magnitudes at the individual participant level, 

the mesh files generated for each ROI for each participant were processed 

through a custom MATLAB script37. This script calculated the regional EF 

magnitudes for each ROI at the individual level. 

 

Statistical analysis 

To standardize depressive symptom scores measured using distinct 

tools—HDRS for adults and CDRS for adolescents—we employed Z-score 

transformation. This calculation was performed separately for both the adult and 

adolescent groups to account for potential differences in severity and scoring 

distribution.  

Then, we conducted a series of statistical analyses to compare EF 

magnitudes across different brain regions between adolescents and adults. The 

groups were included as factors in the dataset, allowing for appropriate variance 

analysis between the age groups. This analysis focused on 24 predefined brain 

regions, as previously described. For each brain region, a one-way ANCOVA 

was conducted to evaluate significant differences in EF magnitudes between 

the predefined groups (adolescents at low or high risk for depression or with 

current depression compared to adults with depression), controlling for the MRI 

acquisition site. We also reran the models to assess the effects of gender, as 

the proportion of males and females differed between adults and adolescents. 

The p-value associated with the ANOVA F-statistic was recorded to assess 

significance. If the ANCOVA p-value for a region was less than 0.05, indicating 

significant differences between groups, then Tukey’s HSD test was performed 

for post-hoc analysis, comparing all pairwise group means and providing 

adjusted p-values for each comparison. 

https://paperpile.com/c/nA9SdX/hzgO2
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To mitigate the increased likelihood of Type I errors due to multiple 

comparisons, we applied the False Discovery Rate (FDR) correction to the 

ANOVA p-values. Results were presented considering region names, raw and 

FDR-corrected ANOVA p-values, and Tukey HSD post-hoc results with 

comparison groups and associated p-values, with detailed information included 

in the Supplementary Material. There were no missing data in our study. 

 

Results 

A total of 201 individuals were included in the study. The flow diagram 

with screening, inclusion and exclusion information can be seen in Figure 3. 

While our exclusion criteria aimed to ensure safety and diagnostic accuracy, 

they may have introduced selection bias by excluding individuals with 

psychiatric comorbidities, low IQ, or medical contraindications to MRI. This 

could limit the applicability of findings to more severely affected or comorbid 

populations. Additional exclusions during adolescents screening included: in the 

low-risk group, four participants were excluded after criterion re-evaluation, one 

due to IQ <70, two with psychiatric comorbidities, five with unconfirmed MDD, 

and two for other reasons (metal implant and blood collection refusal). In the 

high-risk group, two individuals were excluded for IQ <70, one for psychiatric 

comorbidities, eight with confirmed MDD, and two for other reasons. The MDD 

group experienced greater exclusions: eight following criterion re-evaluation, 

one for IQ <70, one not meeting post-pubertal criteria, twenty for psychiatric 

comorbidities, fifty due to unconfirmed diagnosis, and three for reasons 

including metal implants and MRI non-completion. Participants without lifetime 

depression (LR and HR) or with current MDD (MDD group) were invited for 

biological sampling. We also add that in the adolescent sample we have low 

(LR) and high (HR and MDD) levels of risk factors, which means that the 

findings are not necessarily generalizable to individuals with intermediate risk 

levels. Adult exclusions included one for medical complications, one for 

symptom worsening, one due to treatment non-response, one for work reasons, 

and four for missing MRI.  
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Figure 3: Flow diagram of the study. HDRS: Hamilton Depression Rating Scale. 

HCPA: Hospital das Clínicas de Porto Alegre. MDD: Major Depressive Disorder. 

IDEA: Identifying Depression Early in Adolescence. IDEA-RiSCo: Identifying 

Depression Early in Adolescence Risk Stratified Cohort. More details regarding 

adolescents group allocation and inclusion and exclusion criteria can be found in Figure 

S3.3 in Supplementary material from the original study. 

 

The demographic characteristics of all subjects are shown in Table 1. It 

was found significant group effects on age (p < 2e-16), sex (p = .012), and z-

scores (p < 2e-16), with adolescents in the LR, HR, and MDD groups being 

significantly younger and having lower z-scores compared to MDD adults, 

except from the MDD adolescents having higher z-scores compared to MDD 

adults. No significant differences among the adolescent groups in terms of age 

and sex were found (p > .05). Significant differences in z-scores were found 

between the MDD adolescent group compared to LR (p < .001) and HR (p < 

.001) groups. 
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Table 1. Population description and statistics.  

 LR 

adolescents 

(N = 50) 

HR 

adolescents 

(N = 50) 

MDD 

adolescents 

(N = 50) 

MDD adults 

(N = 51) 

p 

Age (mean ± SD) 15.43 ± 0.81 15.76 ± 0.83 15.80 ± 0.75 40.02 ± 

10.11 

<2e-16 

Female (%) 25 (50%) 25 (50%) 25 (50%) 39 (76.5%) 0.012 

DS raw score (mean 

± SD) 

19.33 ± 2.85 

(CDRS) 

22.64 ± 5.44 

(CDRS) 

50.94 ± 9.79 

(CDRS) 

18.24 ± 2.70 

(HDRS) 

 

DS z-score (mean ± 

SD) 

-0.7 ± 0.3 -0.5 ± 0.35 1.3 ± 0.6 0.28 ± 1 <2e-16 

MDD = Major Depressive Disorder, HR = High Risk of Developing MDD, LR = Low 

Risk of Developing MDD, DS = depression scale, HDRS = Hamilton Rating Scale for 

Depression, CDRS = Children's Depression Rating Scale. SD - standard deviation. 

 

 

Differences in EF magnitudes across groups 

There were statistically significant differences in the mean EF 

magnitudes across the adolescents groups (MDD, high-risk, low-risk) and adults 

with MDD for every ROI analyzed (p-FDR = 0.05, Figure 4). The most 

significant differences were observed in the right SMA area (cluster 1) and the 

right pregenual ACC (see Table 2 in the Supplementary Material). The smallest 

significant difference was observed in the left area 9/46v (cluster 6), followed by 

the right Brodmann area 10 (cluster 4) (see Table 2 in the Supplementary 

Material). The differences remained significant even after controlling for gender 

effects. 
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Figure 4: Differences in regional electric field magnitudes across groups (adolescents at 

low or high risk for Major Depressive Disorder (MDD) or with current MDD compared 

to adults with MDD) (p-FDR = 0.05).  For illustrative purposes, the regions were 

presented as circles centered on their center of mass in MNI coordinates. Colorbars 

represent p-FDR values converted to -log10 scale. MNI: Montreal Neurological 

Institute. FDR: False Discovery Rate. 

 

Differences in EF magnitudes between adults and adolescents with depression 

 Post-hoc analyses indicated MDD, HR and LR adolescent groups 

exhibited significantly  (p < 0.05) higher regional EF magnitude compared to 

adults with MDD in both hemispheres (Figures 5a, 5b and 5c, respectively. See 

also Table 2 in the Supplementary Material). The adolescent group with MDD 

exhibited less differences in regional EF magnitudes compared to adults with 

MDD, followed by the HR and LR groups, respectively. The differences 

remained significant even after controlling for gender effects. 
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Figure 5: Post-hoc pairwise comparisons of the differences in regional electric field 

magnitudes between (a) adolescents with Major Depressive Disorder (MDD) and adults 

with MDD; (b) adolescents at high risk of MDD and adults with MDD; and (c) 

adolescents at low risk of MDD and adults with MDD. Significant values were set at 

Tukey p-value < 0.05. For illustrative purposes, the regions were presented as circles 

centered on their center of mass in MNI coordinates. Colorbars represent p values 

converted to -log10 scale. MNI: Montreal Neurological Institute. 

 

Differences in EF magnitudes among adolescents identified as low risk, high 

risk, and diagnosed with depression 

Among adolescent groups, the regional EF magnitude did not differ 

significantly between risk and diagnosis groups (p > .05, see Table 2 in the 

Supplementary Material) in both hemispheres. The differences remained non-

significant even after controlling for gender effects. 

 

Discussion 

This study aimed to investigate simulated EF magnitude in adolescents 

at risk for depression or with current depression compared to adults with 

depression using tDCS protocols parameters that are usually considered for 

adult populations with depression. Findings indicate that (1) depression 

protocols applied to the adult population induce significantly higher regional EF 

magnitude in adolescents with depression compared to adults with depression 

and (2) among adolescents, non-significant induced regional EF magnitude 

differences were observed.  

Adolescents exhibited significantly higher EF magnitudes in all DLPFC 

and ACC regions compared to adults with depression. In a recent study with 

high definition transcranial electrical stimulation in healthy participants, an 

inverse linear relationship between age and EF intensity was observed across 

the lifespan, with anatomical factors such as skull thickness, scalp thickness, 

and epidural cerebrospinal fluid thickness being important in the inter-individual 

EF variability34. This inverse linear relationship was also noted when 

considering transcranial magnetic stimulation38. Our findings corroborate this 

relationship between age and EF, even in the case of patients with depression. 

https://paperpile.com/c/nA9SdX/lCox8
https://paperpile.com/c/nA9SdX/vCXFw
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However, the question still remains as to how this relationship influences clinical 

outcome.  

Using a subsample of 16 adult patients who underwent tDCS in the 

Escitalopram versus Electrical Current Therapy for Treating Depression Clinical 

Study (ELECT-TDCS) trial39, Suen and collaborators applied computational 

modelling considering a current intensity of 2 mA and electrode sizes of 5 × 5 

cm2, the anode and the cathode positioned over F5 and F6, respectively. They 

found high variability in the simulated EF strength among patients, with higher 

bilateral ACC and DLPFC simulated EF strength associated with bigger 

decrease of negative affect and higher left ACC simulated EF strength related 

to bigger depression scores decrease24. Although the findings of Suen and 

collaborators may suggest that higher interindividual baseline EF strength 

informs better behavioral outcomes after tDCS, previous studies indicate that 

the excitatory or inhibitory tDCS effects found in adults cannot be automatically 

extrapolated to younger populations. As an example, a preliminary pediatric 

study with participants aged between 11 to 16 years old, found that 1-mA 

cathodal tDCS produced an unexpected excitatory effect on cortical excitability 

of the motor cortex. Additionally, 0.5 mA cathodal tDCS decreased while the 0.5 

mA anodal stimulation induced any change on cortico-spinal excitability, 

indicating age-dependent effects of tDCS on cortical excitability of the primary 

motor cortex 40. Similarly, another study found that 1 mA cathodal tDCS 

suppressed the N100 amplitude in healthy children and adolescents compared 

with sham stimulation, while the N100 amplitude was not modified by 1 mA 

anodal tDCS41.  

Additionally, while adolescents exhibit higher EF magnitudes than adults 

under the same prefrontal tDCS protocol, it does not necessarily follow that the 

same protocol will translate into greater clinical efficacy. It is important to 

acknowledge that tDCS can produce non-linear effects, with higher current 

intensities (e.g., 2 mA versus 1 mA) not necessarily leading to stronger 

neurophysiological and behavioral/cognitive outcomes42,43. Moreover, we stress 

that the excitatory and inhibitory effects of tDCS cannot be directly transferred 

from adults to adolescents44. Additionally, we highlight the neurodevelopmental 

differences in adolescents, specifically addressing how variations in conductivity 

due to anatomical changes, like increased skull thickness and expanded 

https://paperpile.com/c/nA9SdX/jUYrF
https://paperpile.com/c/nA9SdX/fdCzx
https://paperpile.com/c/nA9SdX/dsWMd
https://paperpile.com/c/nA9SdX/RR49Z
https://paperpile.com/c/nA9SdX/14jl+fLiC
https://paperpile.com/c/nA9SdX/713oU
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cerebrospinal fluid (CSF) space45,46, contribute to the variability in EFs. These 

aspects highlight that responses to tDCS are often non-linear, influenced by 

factors beyond mere current intensity. 

The regional EF magnitude did not differ significantly between 

adolescents at risk for depression and with current depression. In studies 

comparing simulated EF strength by tDCS in adults with MDD and healthy 

controls, some  found significant reduction when considering the 99.5th 

percentile of the simulated EF strength47, a specific part of the superior frontal 

sulcus48, whole-brain and Sallet areas 8B and 949. Csifcsák and collaborators 

suggested that the anatomical changes associated with depression did not 

influence the stimulation effects48. Using the same adolescent sample from our 

study, it was found that there were no significant differences in whole-brain 

cortical and subcortical volume, surface area or cortical thickness between 

adolescents at risk for depression or with current depression50. Some studies 

did not report changes in volume or thickness in the brains of depressed 

adolescents51,52, while others pointed out significant changes in regional brain 

volume53,54, cortical thickness55 and surface area52, calling for more research to 

establish more robust patterns of structural brain changes in depressed 

adolescent patients. It is noteworthy that both the present and Rohrsetzer and 

collaborators studies considered a risk-enriched cohort15 with adolescents 

stratified by their risk of developing depressive disorder using a composite 

score that encompasses 11 sociodemographic variables29, which can provide a 

more nuanced perspective towards neurobiological correlates of at risk and 

currently depressed adolescents. For the adult population, in contraposition, an 

ancillary study from the ELECT-tDCS trial found that larger left prefrontal cortex 

baseline gray matter volume was associated with bigger antidepressant effects 

after tDCS56.  

The absence of significant differences in EF magnitude among the 

adolescent groups (LR, HR, and MDD) represents a favorable outcome for 

protocol standardization. This finding indicates that even with the slight 

neurobiological changes linked to varying levels of depression risk, these 

alterations are not substantial enough to notably impact impedance or current 

flow. Consequently, this consistency supports the application of tDCS protocols 

across different clinical adolescent populations without the need for 

https://paperpile.com/c/nA9SdX/xogEC+10LhD
https://paperpile.com/c/nA9SdX/ldHNf
https://paperpile.com/c/nA9SdX/lc2dC
https://paperpile.com/c/nA9SdX/Q5MIO
https://paperpile.com/c/nA9SdX/lc2dC
https://paperpile.com/c/nA9SdX/cvf40
https://paperpile.com/c/nA9SdX/xy4GT+JPrR2
https://paperpile.com/c/nA9SdX/Oof0i+cRVXN
https://paperpile.com/c/nA9SdX/VZcxe
https://paperpile.com/c/nA9SdX/JPrR2
https://paperpile.com/c/nA9SdX/ZvWQB
https://paperpile.com/c/nA9SdX/19Rl7
https://paperpile.com/c/nA9SdX/qk4KO
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individualized adjustments based purely on risk status. By streamlining 

treatment strategies in this manner, we enhance the feasibility of tDCS 

implementation in real-world clinical settings, thereby promoting uniformity and 

potentially improving treatment outcomes across diverse adolescent subgroups. 

Research focused on applying tDCS in adolescents must consider the 

unique aspects of neurodevelopment to ensure appropriateness and efficacy of 

the intervention. Studies of tDCS applied over the motor cortex of adults 

indicated that anodal tDCS increases excitatory neurotransmitter glutamate 

activity, while cathodal tDCS increases inhibitory neurotransmitter GABA5. 

Inhibitory potential of GABA increases throughout development57, having an 

unexpected excitatory effect in early development44. Beyond the acute phase, 

the prolonged tDCS effects depend on modifications in the efficacy of N-methyl-

D-aspartate (NMDA) receptors5, which promotes excitatory neurotransmission 

in early life, while in the mature brain it is dominated by the synergy between α-

amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA)-NMDA 

receptors44. In addition to alterations in the GABAergic and glutamatergic 

systems throughout neurodevelopment, various processes, including 

anatomical maturation and cortical network development, also occur58–61. In this 

context, while an important factor for evaluating the efficacy and safety of tDCS 

protocols, EF magnitude does not capture all brain individual variations, as it 

does not consider, for example, the functional dynamics or the brain networks 

reconfigurations62. When considering multimodal MRI analysis, the resting-state 

functional MRI has been the most robust depression onset predictor in many 

studies63–65. 

We considered the positioning of the anode over the left DLPFC and the 

cathode over the right DLPFC, since this is the most used positioning in trials 

that evaluated tDCS in adult depressive patients8. This positioning seeks to 

normalize the hypoactivity in the left DLPFC and hyperactivity in the right 

DLPFC found in the brains of adult depressive patients66. However, the frontal 

imbalance hypothesis does not seem to match the findings in the brains of 

depressed adolescents, who showed unexpected hyperactivation in the DLPFC 

when faced with tasks with negative stimuli67, undermining usual electrode 

positioning for adults as the most appropriate for the adolescent population. 

Another relevant issue refers to the intensity of current applied, its safety and 

https://paperpile.com/c/nA9SdX/EokCw
https://paperpile.com/c/nA9SdX/43OM0
https://paperpile.com/c/nA9SdX/713oU
https://paperpile.com/c/nA9SdX/EokCw
https://paperpile.com/c/nA9SdX/713oU
https://paperpile.com/c/nA9SdX/oIoMK+eRwHR+sunui+03kfo
https://paperpile.com/c/nA9SdX/1sdLu
https://paperpile.com/c/nA9SdX/oIs96+MK5c1+PTLlC
https://paperpile.com/c/nA9SdX/SZPSh
https://paperpile.com/c/nA9SdX/qYy5m
https://paperpile.com/c/nA9SdX/8rHBz
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tolerability in adolescents40,41,68. In a study that evaluated different tDCS setups 

in two children and three adults, it was reported that a lower intensity of applied 

current (~1 mA) in pediatric patients could result in similar current density to 

those observed in adults exposed to 2 mA. Although modeling did not indicate 

the presence of brain damage in children's brains when applying a current 

intensity of 2 mA, caution was suggested, as current density tends to be higher 

in pediatric populations46. Given that replicating adult tDCS protocols in children 

may not produce equivalent doses due to developmental differences, careful 

consideration must be given when designing and adjusting protocols for future 

adolescent clinical trials. Tailoring stimulation parameters to account for age-

related neurophysiological differences will be crucial to optimize safety and 

efficacy in this population. 

While this study provides valuable insights, several limitations must be 

acknowledged. The reliance on EF simulations does not fully capture real-time 

brain stimulation dynamics, and the cross-sectional design limits causal 

inferences about depression progression. Considering that our primary finding 

emphasizes age-based differences in EF magnitude, it is important to address 

the limitation associated with utilizing standard SimNIBS conductivity 

parameters derived from adult data for the adolescent sample. Existing 

literature indicates that adolescents may exhibit distinct conductivity 

characteristics, such as higher water content in their skull and surrounding 

tissues45,46. This variation could significantly impact impedance and may result 

in either an underestimation or overestimation of the EF results in our study. By 

incorporating these considerations, we aim to provide a more nuanced 

interpretation of our findings and underscore the necessity for age-specific 

conductivity models in future research. Future studies could benefit from 

longitudinal designs integrating neuroimaging and electrophysiological data 

during active tDCS sessions. Employing unified diagnostic tools and symptom 

severity measures across age groups would improve consistency and reliability. 

Lastly, understanding how developmental changes in gray and white matter 

influence tDCS responsiveness could provide a more comprehensive 

framework for optimizing neuromodulation in younger populations. 

 

https://paperpile.com/c/nA9SdX/dsWMd+RR49Z+wktOs
https://paperpile.com/c/nA9SdX/10LhD
https://paperpile.com/c/nA9SdX/xogEC+10LhD
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Conclusion 

In conclusion, this study highlights the age and depression-dependent 

variability in electric fields (EFs) induced by transcranial direct current 

stimulation (tDCS) in critical brain regions for mood regulation, such as the 

dorsolateral prefrontal cortex (DLPFC) and anterior cingulate cortex (ACC). 

These findings emphasize the necessity for age and depression-specific 

adjustments to tDCS parameters to optimize therapeutic outcomes. Future 

research should prioritize several key areas: conducting age-adjusted dose-

finding studies to determine optimal current intensities for adolescents, 

evaluating alternative electrode montages tailored specifically for this age 

group, and integrating computational modeling with longitudinal clinical 

outcomes to better understand the treatment's long-term effects. This 

comprehensive approach is crucial for advancing tDCS protocols aimed at 

effectively treating depressive symptoms in adolescents while considering the 

neural and psychosocial factors that may influence treatment efficacy. 

 

Acknowledgement 

We are extremely grateful to the schools and individuals who participated in the 

IDEA-RiSCo study, and to all members of the IDEA team for their dedication, 

hard work, and insights. PHRS is supported by FAPESP (Grant number: 

2022/03266-0). BAC is supported by FAPESP (Grant number: 2021/10827-6). 

Dr. Brunoni is the recipient of the Sherry Gold Knopf Crasilneck Distinguished 

Chair in Psychiatry, in Honor of Mollie and Murray Gold, and of the Dear 

Scholar Award of the University of Texas Southwestern Medical Center. ARB 

has a small equity of FlowTM, whose devices were not used in the present 

study. LBR is currently supported by a Research Foundation – Flanders (FWO) 

grant (12AZO24N). The Identifying Depression Early in Adolescence (IDEA) 

project was funded by an MQ Brighter Futures grant (MQBF/1 IDEA). Additional 

support was provided by the UK Medical Research Council 

(MC_PC_MR/R019460/1) and the Academy of Medical Sciences 

(GCRFNG_100281) under the Global Challenges Research Fund. HLF was 

partly supported by the Economic and Social Research Council (ESRC) Centre 

for Society and Mental Health at King’s College London (ES/S012567/1). VM 

was supported by the National Institute for Health and Care Research (NIHR) 

https://www.sciencedirect.com/science/article/pii/S001094522300299X#gs1


Braz J Psychiatry - BJP Article Pre-Proof (as accepted) Page 24 of 38 

 

Braz J Psychiatry - Pre-Proof - http://doi.org/10.47626/1516-4446-2025-4418 

Maudsley Biomedical Research Centre at South London and Maudsley National 

Health Service (NHS) Foundation Trust and King’s College London 

(NIHR203318). CK is a CNPq researcher and an Academy of Medical Sciences 

Newton Advanced fellow. The views expressed are those of the authors and do 

not necessarily reflect the views of the NHS, the NIHR, the Department of 

Health and Social Care, the ESRC, or King’s College London. 

 

This work is also supported by research grants from Brazilian public funding 

agencies Conselho Nacional de Desenvolvimento Científico e Tecnológico 

(CNPq; 477129/2012-9 and 445828/2014-5), Coordenação de Aperfeiçoamento 

de Pessoal de Nível Superior (CAPES; 62/2014), and Fundação de Amparo à 

Pesquisa do Estado do Rio Grande do Sul (FAPERGS; 17/2551-0001009-4). 

 

Author Contributions: CRediT TaxonomyClarissa Garcia 

CustódioConceptualization-Equal, Data curation-Equal, Formal analysis-Equal, 

Investigation-Equal, Methodology-Equal, Visualization-Equal, Writing - original 

draft-Equal, Writing - review & editing-EqualLilian de OliveiraConceptualization-

Equal, Data curation-Equal, Formal analysis-Equal, Investigation-Equal, Writing 

- original draft-Equal, Writing - review & editing-EqualLaura Fernandes 

BertoConceptualization-Equal, Formal analysis-Equal, Investigation-Equal, 

Visualization-Equal, Writing - original draft-Equal, Writing - review & editing-

EqualBianca Besteti FernandesConceptualization-Equal, Data curation-Equal, 

Formal analysis-Equal, Resources-Equal, Visualization-Equal, Writing - review 

& editing-EqualJuliane GonçalvesData curation-Equal, Formal analysis-Equal, 

Investigation-Equal, Methodology-Equal, Software-Equal, Validation-Equal, 

Visualization-Equal, Writing - review & editing-EqualOscarina 

EzequielConceptualization-Equal, Data curation-Equal, Project administration-

Equal, Resources-Equal, Validation-Equal, Writing - review & editing-

EqualAlessandra LucchettiConceptualization-Equal, Data curation-Equal, 

Formal analysis-Equal, Methodology-Equal, Project administration-Equal, 

Supervision-Equal, Writing - review & editing-EqualLisabeth 

DiLallaConceptualization-Equal, Methodology-Equal, Project administration-

Equal, Validation-Equal, Writing - original draft-Equal, Writing - review & editing-

EqualHomero ValladaConceptualization-Equal, Formal analysis-Equal, 



Braz J Psychiatry - BJP Article Pre-Proof (as accepted) Page 25 of 38 

 

Braz J Psychiatry - Pre-Proof - http://doi.org/10.47626/1516-4446-2025-4418 

Investigation-Equal, Methodology-Equal, Supervision-Equal, Writing - original 

draft-Equal, Writing - review & editing-EqualEurípedes 

MiguelConceptualization-Equal, Data curation-Equal, Funding acquisition-

Equal, Project administration-Equal, Supervision-Equal, Validation-Equal, 

Writing - review & editing-EqualGiancarlo LucchettiConceptualization-Equal, 

Data curation-Equal, Methodology-Equal, Project administration-Equal, 

Supervision-Equal, Validation-Equal, Visualization-Equal, Writing - original draft-

Equal, Writing - review & editing-EqualRodolfo DamianoConceptualization-

Equal, Data curation-Equal, Formal analysis-Equal, Investigation-Equal, 

Methodology-Equal, Project administration-Equal, Resources-Equal, 

Supervision-Equal, Validation-Equal, Writing - original draft-Equal, Writing -  

 

Edited by: Marsal Sanches 

 

References  

1 GBD 2019. Global, regional, and national burden of 12 mental disorders in 

204 countries and territories, 1990-2019: a systematic analysis for the 

Global Burden of Disease Study 2019. Lancet Psychiatry. 2022;9:137–50. 

2 Kieling C, Buchweitz C, Caye A, Silvani J, Ameis SH, Brunoni AR, et al. 

Worldwide Prevalence and Disability From Mental Disorders Across 

Childhood and Adolescence: Evidence From the Global Burden of Disease 

Study. JAMA Psychiatry. 2024;81:347–56. 

3 Herrman H, Patel V, Kieling C, Berk M, Buchweitz C, Cuijpers P, et al. 

Time for united action on depression: a Lancet-World Psychiatric 

Association Commission. Lancet. 2022;399:957–1022. 

4 Brunoni AR, Sampaio-Junior B, Moffa AH, Aparício LV, Gordon P, Klein I, 

et al. Noninvasive brain stimulation in psychiatric disorders: a primer. Braz 

J Psychiatry. 2019;41:70–81. 

5 Nitsche MA, Fricke K, Henschke U, Schlitterlau A, Liebetanz D, Lang N, et 

al. Pharmacological modulation of cortical excitability shifts induced by 

transcranial direct current stimulation in humans. J Physiol. 2003;553:293–

301. 

6 Nitsche MA, Seeber A, Frommann K, Klein CC, Rochford C, Nitsche MS, et 

al. Modulating parameters of excitability during and after transcranial direct 

http://paperpile.com/b/nA9SdX/TbATc
http://paperpile.com/b/nA9SdX/TbATc
http://paperpile.com/b/nA9SdX/TbATc
http://paperpile.com/b/nA9SdX/DPUsz
http://paperpile.com/b/nA9SdX/DPUsz
http://paperpile.com/b/nA9SdX/DPUsz
http://paperpile.com/b/nA9SdX/DPUsz
http://paperpile.com/b/nA9SdX/sDLEI
http://paperpile.com/b/nA9SdX/sDLEI
http://paperpile.com/b/nA9SdX/sDLEI
http://paperpile.com/b/nA9SdX/jjW7J
http://paperpile.com/b/nA9SdX/jjW7J
http://paperpile.com/b/nA9SdX/jjW7J
http://paperpile.com/b/nA9SdX/EokCw
http://paperpile.com/b/nA9SdX/EokCw
http://paperpile.com/b/nA9SdX/EokCw
http://paperpile.com/b/nA9SdX/EokCw
http://paperpile.com/b/nA9SdX/45e6q
http://paperpile.com/b/nA9SdX/45e6q


Braz J Psychiatry - BJP Article Pre-Proof (as accepted) Page 26 of 38 

 

Braz J Psychiatry - Pre-Proof - http://doi.org/10.47626/1516-4446-2025-4418 

current stimulation of the human motor cortex. J Physiol. 2005;568:291–

303. 

7 Stagg CJ, Best JG, Stephenson MC, O’Shea J, Wylezinska M, Kincses ZT, 

et al. Polarity-sensitive modulation of cortical neurotransmitters by 

transcranial stimulation. J Neurosci. 2009;29:5202–6. 

8 da Silva PHR, Vanderhasselt M-A, Pilloni G, Charvet L, Padberg F, Bikson 

M, et al. Challenges and future directions of Transcranial Direct Current 

Stimulation for Depression: insights from a systematic review and meta-

analysis. Braz J Psychiatry. 2025. 

9 Lee JC, Kenney-Jung DL, Blacker CJ, Doruk Camsari D, Lewis CP. 

Transcranial Direct Current Stimulation in Child and Adolescent Psychiatric 

Disorders. Child Adolesc Psychiatr Clin N Am. 2019;28:61–78. 

10 Amatachaya A, Auvichayapat N, Patjanasoontorn N, Suphakunpinyo C, 

Ngernyam N, Aree-Uea B, et al. Effect of anodal transcranial direct current 

stimulation on autism: a randomized double-blind crossover trial. Behav 

Neurol. 2014;2014:173073. 

11 Amatachaya A, Jensen MP, Patjanasoontorn N, Auvichayapat N, 

Suphakunpinyo C, Janjarasjitt S, et al. The short-term effects of 

transcranial direct current stimulation on electroencephalography in 

children with autism: a randomized crossover controlled trial. Behav Neurol. 

2015;2015:928631. 

12 Sotnikova A, Soff C, Tagliazucchi E, Becker K, Siniatchkin M. Transcranial 

Direct Current Stimulation Modulates Neuronal Networks in Attention 

Deficit Hyperactivity Disorder. Brain Topogr. 2017;30:656–72. 

13 Soff C, Sotnikova A, Christiansen H, Becker K, Siniatchkin M. Transcranial 

direct current stimulation improves clinical symptoms in adolescents with 

attention deficit hyperactivity disorder. J Neural Transm (Vienna). 

2017;124:133–44. 

14 Kieling C, Adewuya A, Fisher HL, Karmacharya R, Kohrt BA, Swartz JR, et 

al. Identifying depression early in adolescence. Lancet Child Adolesc 

Health. 2019;3:211–3. 

15 Kieling C, Buchweitz C, Caye A, Manfro P, Pereira R, Viduani A, et al. The 

Identifying Depression Early in Adolescence Risk Stratified Cohort (IDEA-

RiSCo): Rationale, Methods, and Baseline Characteristics. Front 

http://paperpile.com/b/nA9SdX/45e6q
http://paperpile.com/b/nA9SdX/45e6q
http://paperpile.com/b/nA9SdX/T4zva
http://paperpile.com/b/nA9SdX/T4zva
http://paperpile.com/b/nA9SdX/T4zva
http://paperpile.com/b/nA9SdX/SZPSh
http://paperpile.com/b/nA9SdX/SZPSh
http://paperpile.com/b/nA9SdX/SZPSh
http://paperpile.com/b/nA9SdX/SZPSh
http://paperpile.com/b/nA9SdX/Z2hse
http://paperpile.com/b/nA9SdX/Z2hse
http://paperpile.com/b/nA9SdX/Z2hse
http://paperpile.com/b/nA9SdX/RVuWw
http://paperpile.com/b/nA9SdX/RVuWw
http://paperpile.com/b/nA9SdX/RVuWw
http://paperpile.com/b/nA9SdX/RVuWw
http://paperpile.com/b/nA9SdX/S9zw4
http://paperpile.com/b/nA9SdX/S9zw4
http://paperpile.com/b/nA9SdX/S9zw4
http://paperpile.com/b/nA9SdX/S9zw4
http://paperpile.com/b/nA9SdX/S9zw4
http://paperpile.com/b/nA9SdX/2Fm7o
http://paperpile.com/b/nA9SdX/2Fm7o
http://paperpile.com/b/nA9SdX/2Fm7o
http://paperpile.com/b/nA9SdX/AC2xu
http://paperpile.com/b/nA9SdX/AC2xu
http://paperpile.com/b/nA9SdX/AC2xu
http://paperpile.com/b/nA9SdX/AC2xu
http://paperpile.com/b/nA9SdX/D2Uob
http://paperpile.com/b/nA9SdX/D2Uob
http://paperpile.com/b/nA9SdX/D2Uob
http://paperpile.com/b/nA9SdX/ZvWQB
http://paperpile.com/b/nA9SdX/ZvWQB
http://paperpile.com/b/nA9SdX/ZvWQB


Braz J Psychiatry - BJP Article Pre-Proof (as accepted) Page 27 of 38 

 

Braz J Psychiatry - Pre-Proof - http://doi.org/10.47626/1516-4446-2025-4418 

Psychiatry. 2021;12:697144. 

16 Vöckel J, Spitznagel N, Markser A, Sigrist C, Koenig J. A paucity of 

evidence in youth: The curious case of transcranial direct current 

stimulation for depression. Asian J Psychiatr. 2024;91:103838. 

17 Datta A, Zhou X, Su Y, Parra LC, Bikson M. Validation of finite element 

model of transcranial electrical stimulation using scalp potentials: 

implications for clinical dose. J Neural Eng. 2013;10:036018. 

18 Carvalho AF, Köhler CA, Fernandes BS, Quevedo J, Miskowiak KW, 

Brunoni AR, et al. Bias in emerging biomarkers for bipolar disorder. 

Psychol Med. 2016;46:2287–97. 

19 Moffa et al. Efficacy and acceptability of transcranial direct current 

stimulation (tDCS) for major depressive disorder: An individual patient data 

meta-analysis. Prog Neuropsychopharmacol Biol Psychiatry. 

2020;99:109836. 

20 Nitsche MA, Paulus W. Excitability changes induced in the human motor 

cortex by weak transcranial direct current stimulation. J Physiol. 2000;527 

Pt 3:633–9. 

21 Tortella et al. Transcranial direct current stimulation in psychiatric 

disorders. World Journal of Psychiatry. 2015;5:88–102. 

22 Minhas P, Bikson M, Woods AJ, Rosen AR, Kessler SK. Transcranial direct 

current stimulation in pediatric brain: a computational modeling study. Annu 

Int Conf IEEE Eng Med Biol Soc. 2012;2012:859–62. 

23 Liebetanz D, Koch R, Mayenfels S, König F, Paulus W, Nitsche MA. Safety 

limits of cathodal transcranial direct current stimulation in rats. Clin 

Neurophysiol. 2009;120:1161–7. 

24 Suen PJC, Doll S, Batistuzzo MC, Busatto G, Razza LB, Padberg F, et al. 

Association between tDCS computational modeling and clinical outcomes 

in depression: data from the ELECT-TDCS trial. Eur Arch Psychiatry Clin 

Neurosci. 2021;271:101–10. 

25 Baxter LR Jr, Schwartz JM, Phelps ME, Mazziotta JC, Guze BH, Selin CE, 

et al. Reduction of prefrontal cortex glucose metabolism common to three 

types of depression. Arch Gen Psychiatry. 1989;46:243–50. 

26 Fox MD, Buckner RL, White MP, Greicius MD, Pascual-Leone A. Efficacy 

of transcranial magnetic stimulation targets for depression is related to 

http://paperpile.com/b/nA9SdX/ZvWQB
http://paperpile.com/b/nA9SdX/s0u59
http://paperpile.com/b/nA9SdX/s0u59
http://paperpile.com/b/nA9SdX/s0u59
http://paperpile.com/b/nA9SdX/xfiWs
http://paperpile.com/b/nA9SdX/xfiWs
http://paperpile.com/b/nA9SdX/xfiWs
http://paperpile.com/b/nA9SdX/nhx1m
http://paperpile.com/b/nA9SdX/nhx1m
http://paperpile.com/b/nA9SdX/nhx1m
http://paperpile.com/b/nA9SdX/XF7JR
http://paperpile.com/b/nA9SdX/XF7JR
http://paperpile.com/b/nA9SdX/XF7JR
http://paperpile.com/b/nA9SdX/XF7JR
http://paperpile.com/b/nA9SdX/7CB3l
http://paperpile.com/b/nA9SdX/7CB3l
http://paperpile.com/b/nA9SdX/7CB3l
http://paperpile.com/b/nA9SdX/B5H4U
http://paperpile.com/b/nA9SdX/B5H4U
http://paperpile.com/b/nA9SdX/zo8PG
http://paperpile.com/b/nA9SdX/zo8PG
http://paperpile.com/b/nA9SdX/zo8PG
http://paperpile.com/b/nA9SdX/8p1w9
http://paperpile.com/b/nA9SdX/8p1w9
http://paperpile.com/b/nA9SdX/8p1w9
http://paperpile.com/b/nA9SdX/fdCzx
http://paperpile.com/b/nA9SdX/fdCzx
http://paperpile.com/b/nA9SdX/fdCzx
http://paperpile.com/b/nA9SdX/fdCzx
http://paperpile.com/b/nA9SdX/wv4im
http://paperpile.com/b/nA9SdX/wv4im
http://paperpile.com/b/nA9SdX/wv4im
http://paperpile.com/b/nA9SdX/X8mWo
http://paperpile.com/b/nA9SdX/X8mWo


Braz J Psychiatry - BJP Article Pre-Proof (as accepted) Page 28 of 38 

 

Braz J Psychiatry - Pre-Proof - http://doi.org/10.47626/1516-4446-2025-4418 

intrinsic functional connectivity with the subgenual cingulate. Biol 

Psychiatry. 2012;72:595–603. 

27 Jing Y, Zhao N, Deng X-P, Feng Z-J, Huang G-F, Meng M, et al. Pregenual 

or subgenual anterior cingulate cortex as potential effective region for brain 

stimulation of depression. Brain Behav. 2020;10:e01591. 

28 Piccin J, Viduani A, Buchweitz C, Pereira RB, Zimerman A, Amando GR, et 

al. Prospective follow-up of adolescents with and at risk for depression: 

Protocol and methods of the Identifying Depression Early in Adolescence 

Risk Stratified Cohort longitudinal assessments. JAACAP Open. 

2024;2:145–59. 

29 Rocha TB-M, Fisher HL, Caye A, Anselmi L, Arseneault L, Barros FC, et al. 

Identifying Adolescents at Risk for Depression: A Prediction Score 

Performance in Cohorts Based in 3 Different Continents. J Am Acad Child 

Adolesc Psychiatry. 2021;60:262–73. 

30 Caye A, Kieling RR, Rocha TB, Graeff-Martins AS, Geyer C, Krieger F, et 

al. Schedule for Affective Disorders and Schizophrenia for School-Age 

Children - Present and Lifetime Version (K-SADS-PL), DSM-5 update: 

translation into Brazilian Portuguese. Braz J Psychiatry. 2017;39:384–6. 

31 Amorim P. Mini International Neuropsychiatric Interview (MINI): validação 

de entrevista breve para diagnóstico de transtornos mentais. Braz J 

Psychiatry. 2000;22:106–15. 

32 Opitz A, Paulus W, Will S, Antunes A, Thielscher A. Determinants of the 

electric field during transcranial direct current stimulation. Neuroimage. 

2015;109:140–50. 

33 Thielscher A, Antunes A, Saturnino GB. Field modeling for transcranial 

magnetic stimulation: A useful tool to understand the physiological effects 

of TMS? Conf Proc IEEE Eng Med Biol Soc. 2015;2015:222–5. 

34 Ma W, Wang F, Yi Y, Huang Y, Li X, Liu Y ’ou, et al. Mapping the electric 

field of high-definition transcranial electrical stimulation across the lifespan. 

Sci Bull (Beijing). 2024;69:3876–88. 

35 Sallet J, Mars RB, Noonan MP, Neubert F-X, Jbabdi S, O’Reilly JX, et al. 

The Organization of Dorsal Frontal Cortex in Humans and Macaques. J 

Neurosci. 2013;33:12255–74. 

36 Fan L, Li H, Zhuo J, Zhang Y, Wang J, Chen L, et al. The Human 

http://paperpile.com/b/nA9SdX/X8mWo
http://paperpile.com/b/nA9SdX/X8mWo
http://paperpile.com/b/nA9SdX/yOcaQ
http://paperpile.com/b/nA9SdX/yOcaQ
http://paperpile.com/b/nA9SdX/yOcaQ
http://paperpile.com/b/nA9SdX/SYTkh
http://paperpile.com/b/nA9SdX/SYTkh
http://paperpile.com/b/nA9SdX/SYTkh
http://paperpile.com/b/nA9SdX/SYTkh
http://paperpile.com/b/nA9SdX/SYTkh
http://paperpile.com/b/nA9SdX/19Rl7
http://paperpile.com/b/nA9SdX/19Rl7
http://paperpile.com/b/nA9SdX/19Rl7
http://paperpile.com/b/nA9SdX/19Rl7
http://paperpile.com/b/nA9SdX/9ZyuS
http://paperpile.com/b/nA9SdX/9ZyuS
http://paperpile.com/b/nA9SdX/9ZyuS
http://paperpile.com/b/nA9SdX/9ZyuS
http://paperpile.com/b/nA9SdX/RN7vB
http://paperpile.com/b/nA9SdX/RN7vB
http://paperpile.com/b/nA9SdX/RN7vB
http://paperpile.com/b/nA9SdX/AdHrt
http://paperpile.com/b/nA9SdX/AdHrt
http://paperpile.com/b/nA9SdX/AdHrt
http://paperpile.com/b/nA9SdX/daWO9
http://paperpile.com/b/nA9SdX/daWO9
http://paperpile.com/b/nA9SdX/daWO9
http://paperpile.com/b/nA9SdX/lCox8
http://paperpile.com/b/nA9SdX/lCox8
http://paperpile.com/b/nA9SdX/lCox8
http://paperpile.com/b/nA9SdX/yIK8H
http://paperpile.com/b/nA9SdX/yIK8H
http://paperpile.com/b/nA9SdX/yIK8H
http://paperpile.com/b/nA9SdX/3sOzT


Braz J Psychiatry - BJP Article Pre-Proof (as accepted) Page 29 of 38 

 

Braz J Psychiatry - Pre-Proof - http://doi.org/10.47626/1516-4446-2025-4418 

Brainnetome Atlas: A New Brain Atlas Based on Connectional Architecture. 

Cereb Cortex. 2016;26:3508–26. 

37 MathWorks, Inc. MATLAB & Simulink Stud Vers 2013a. Philadelphia, PA: 

Prentice Hall; 2013. 

38 Alawi M, Lee PF, Deng Z-D, Goh YK, Croarkin PE. Modelling the 

differential effects of age on transcranial magnetic stimulation induced 

electric fields. J Neural Eng. 2023;20. 

39 Brunoni AR, Moffa AH, Sampaio-Junior B, Borrione L, Moreno ML, 

Fernandes RA, et al. Trial of Electrical Direct-Current Therapy versus 

Escitalopram for Depression. N Engl J Med. 2017;376:2523–33. 

40 Moliadze V, Schmanke T, Andreas S, Lyzhko E, Freitag CM, Siniatchkin M. 

Stimulation intensities of transcranial direct current stimulation have to be 

adjusted in children and adolescents. Clin Neurophysiol. 2015;126:1392–9. 

41 Moliadze V, Lyzhko E, Schmanke T, Andreas S, Freitag CM, Siniatchkin M. 

1 mA cathodal tDCS shows excitatory effects in children and adolescents: 

Insights from TMS evoked N100 potential. Brain Res Bull. 2018;140:43–51. 

42 Weller S, Nitsche MA, Plewnia C. Enhancing cognitive control training with 

transcranial direct current stimulation: a systematic parameter study. Brain 

Stimul. 2020;13:1358–69. 

43 Batsikadze G, Moliadze V, Paulus W, Kuo M-F, Nitsche MA. Partially non-

linear stimulation intensity-dependent effects of direct current stimulation on 

motor cortex excitability in humans. J Physiol. 2013;591:1987–2000. 

44 Ben-Ari Y, Khazipov R, Leinekugel X, Caillard O, Gaiarsa JL. GABAA, 

NMDA and AMPA receptors: a developmentally regulated “ménage à trois.” 

Trends Neurosci. 1997;20:523–9. 

45 Beauchamp MS, Beurlot MR, Fava E, Nath AR, Parikh NA, Saad ZS, et al. 

The developmental trajectory of brain-scalp distance from birth through 

childhood: implications for functional neuroimaging. PLoS One. 

2011;6:e24981. 

46 Kessler SK, Minhas P, Woods AJ, Rosen A, Gorman C, Bikson M. Dosage 

considerations for transcranial direct current stimulation in children: a 

computational modeling study. PLoS One. 2013;8:e76112. 

47 Uenishi S, Tamaki A, Yamada S, Yasuda K, Ikeda N, Mizutani-Tiebel Y, et 

al. Computational modeling of electric fields for prefrontal tDCS across 

http://paperpile.com/b/nA9SdX/3sOzT
http://paperpile.com/b/nA9SdX/3sOzT
http://paperpile.com/b/nA9SdX/hzgO2
http://paperpile.com/b/nA9SdX/hzgO2
http://paperpile.com/b/nA9SdX/vCXFw
http://paperpile.com/b/nA9SdX/vCXFw
http://paperpile.com/b/nA9SdX/vCXFw
http://paperpile.com/b/nA9SdX/jUYrF
http://paperpile.com/b/nA9SdX/jUYrF
http://paperpile.com/b/nA9SdX/jUYrF
http://paperpile.com/b/nA9SdX/dsWMd
http://paperpile.com/b/nA9SdX/dsWMd
http://paperpile.com/b/nA9SdX/dsWMd
http://paperpile.com/b/nA9SdX/RR49Z
http://paperpile.com/b/nA9SdX/RR49Z
http://paperpile.com/b/nA9SdX/RR49Z
http://paperpile.com/b/nA9SdX/14jl
http://paperpile.com/b/nA9SdX/14jl
http://paperpile.com/b/nA9SdX/14jl
http://paperpile.com/b/nA9SdX/fLiC
http://paperpile.com/b/nA9SdX/fLiC
http://paperpile.com/b/nA9SdX/fLiC
http://paperpile.com/b/nA9SdX/713oU
http://paperpile.com/b/nA9SdX/713oU
http://paperpile.com/b/nA9SdX/713oU
http://paperpile.com/b/nA9SdX/xogEC
http://paperpile.com/b/nA9SdX/xogEC
http://paperpile.com/b/nA9SdX/xogEC
http://paperpile.com/b/nA9SdX/xogEC
http://paperpile.com/b/nA9SdX/10LhD
http://paperpile.com/b/nA9SdX/10LhD
http://paperpile.com/b/nA9SdX/10LhD
http://paperpile.com/b/nA9SdX/ldHNf
http://paperpile.com/b/nA9SdX/ldHNf


Braz J Psychiatry - BJP Article Pre-Proof (as accepted) Page 30 of 38 

 

Braz J Psychiatry - Pre-Proof - http://doi.org/10.47626/1516-4446-2025-4418 

patients with schizophrenia and mood disorders. Psychiatry Res 

Neuroimaging. 2022;326:111547. 

48 Csifcsák G, Boayue NM, Puonti O, Thielscher A, Mittner M. Effects of 

transcranial direct current stimulation for treating depression: A modeling 

study. J Affect Disord. 2018;234:164–73. 

49 Mizutani-Tiebel Y, Takahashi S, Karali T, Mezger E, Bulubas L, Papazova 

I, et al. Differences in electric field strength between clinical and non-clinical 

populations induced by prefrontal tDCS: A cross-diagnostic, individual MRI-

based modeling study. NeuroImage Clin. 2022;34:103011. 

50 Rohrsetzer F, Balardin JB, Picon F, Sato JR, Battel L, Viduani A, et al. An 

MRI-based morphometric and structural covariance network study of 

Brazilian adolescents stratified by depression risk. Braz J Psychiatry. 

2023;45:318–26. 

51 Shapero BG, Chai XJ, Vangel M, Biederman J, Hoover CS, Whitfield-

Gabrieli S, et al. Neural markers of depression risk predict the onset of 

depression. Psychiatry Res Neuroimaging. 2019;285:31–9. 

52 Schmaal L, Hibar DP, Sämann PG, Hall GB, Baune BT, Jahanshad N, et 

al. Cortical abnormalities in adults and adolescents with major depression 

based on brain scans from 20 cohorts worldwide in the ENIGMA Major 

Depressive Disorder Working Group. Mol Psychiatry. 2017;22:900–9. 

53 Bashford-Largo J, R Blair RJ, Blair KS, Dobbertin M, Dominguez A, Hatch 

M, et al. Identification of structural brain alterations in adolescents with 

depressive symptomatology. Brain Res Bull. 2023;201:110723. 

54 Zhang X, Cao J, Huang Q, Hong S, Dai L, Chen X, et al. Severity related 

neuroanatomical and spontaneous functional activity alteration in 

adolescents with major depressive disorder. Front Psychiatry. 

2023;14:1157587. 

55 Reynolds S, Carrey N, Jaworska N, Langevin LM, Yang X-R, Macmaster 

FP. Cortical thickness in youth with major depressive disorder. BMC 

Psychiatry. 2014;14:83. 

56 Bulubas L, Padberg F, Bueno PV, Duran F, Busatto G, Amaro E Jr, et al. 

Antidepressant effects of tDCS are associated with prefrontal gray matter 

volumes at baseline: Evidence from the ELECT-TDCS trial. Brain Stimul. 

2019;12:1197–204. 

http://paperpile.com/b/nA9SdX/ldHNf
http://paperpile.com/b/nA9SdX/ldHNf
http://paperpile.com/b/nA9SdX/lc2dC
http://paperpile.com/b/nA9SdX/lc2dC
http://paperpile.com/b/nA9SdX/lc2dC
http://paperpile.com/b/nA9SdX/Q5MIO
http://paperpile.com/b/nA9SdX/Q5MIO
http://paperpile.com/b/nA9SdX/Q5MIO
http://paperpile.com/b/nA9SdX/Q5MIO
http://paperpile.com/b/nA9SdX/cvf40
http://paperpile.com/b/nA9SdX/cvf40
http://paperpile.com/b/nA9SdX/cvf40
http://paperpile.com/b/nA9SdX/cvf40
http://paperpile.com/b/nA9SdX/xy4GT
http://paperpile.com/b/nA9SdX/xy4GT
http://paperpile.com/b/nA9SdX/xy4GT
http://paperpile.com/b/nA9SdX/JPrR2
http://paperpile.com/b/nA9SdX/JPrR2
http://paperpile.com/b/nA9SdX/JPrR2
http://paperpile.com/b/nA9SdX/JPrR2
http://paperpile.com/b/nA9SdX/Oof0i
http://paperpile.com/b/nA9SdX/Oof0i
http://paperpile.com/b/nA9SdX/Oof0i
http://paperpile.com/b/nA9SdX/cRVXN
http://paperpile.com/b/nA9SdX/cRVXN
http://paperpile.com/b/nA9SdX/cRVXN
http://paperpile.com/b/nA9SdX/cRVXN
http://paperpile.com/b/nA9SdX/VZcxe
http://paperpile.com/b/nA9SdX/VZcxe
http://paperpile.com/b/nA9SdX/VZcxe
http://paperpile.com/b/nA9SdX/qk4KO
http://paperpile.com/b/nA9SdX/qk4KO
http://paperpile.com/b/nA9SdX/qk4KO
http://paperpile.com/b/nA9SdX/qk4KO


Braz J Psychiatry - BJP Article Pre-Proof (as accepted) Page 31 of 38 

 

Braz J Psychiatry - Pre-Proof - http://doi.org/10.47626/1516-4446-2025-4418 

57 Silverstein FS, Jensen FE. Neonatal seizures. Ann Neurol. 2007;62:112–

20. 

58 Marsman A, Mandl RCW, van den Heuvel MP, Boer VO, Wijnen JP, Klomp 

DWJ, et al. Glutamate changes in healthy young adulthood. Eur 

Neuropsychopharmacol. 2013;23:1484–90. 

59 Warm D, Schroer J, Sinning A. Gabaergic Interneurons in Early Brain 

Development: Conducting and Orchestrated by Cortical Network Activity. 

Front Mol Neurosci. 2021;14:807969. 

60 Martin CR, Preedy VR, Rajendram R. Diagnosis, Management and 

Modeling of Neurodevelopmental Disorders: The Neuroscience of 

Development. Academic Press; 2021. 

61 Rakic P. A small step for the cell, a giant leap for mankind: a hypothesis of 

neocortical expansion during evolution. Trends Neurosci. 1995;18:383–8. 

62 Xu M, Li X, Teng T, Huang Y, Liu M, Long Y, et al. Reconfiguration of 

Structural and Functional Connectivity Coupling in Patient Subgroups With 

Adolescent Depression. JAMA Netw Open. 2024;7:e241933. 

63 Ho TC, Shah R, Mishra J, May AC, Tapert SF. Multi-level predictors of 

depression symptoms in the Adolescent Brain Cognitive Development 

(ABCD) study. J Child Psychol Psychiatry. 2022;63:1523–33. 

64 Ooi LQR, Chen J, Zhang S, Kong R, Tam A, Li J, et al. Comparison of 

individualized behavioral predictions across anatomical, diffusion and 

functional connectivity MRI. Neuroimage. 2022;263:119636. 

65 Gracia-Tabuenca Z, Barbeau EB, Xia Y, Chai X. Predicting depression risk 

in early adolescence via multimodal brain imaging. Neuroimage Clin. 

2024;42:103604. 

66 Mayberg HS, Brannan SK, Tekell JL, Silva JA, Mahurin RK, McGinnis S, et 

al. Regional metabolic effects of fluoxetine in major depression: serial 

changes and relationship to clinical response. Biol Psychiatry. 

2000;48:830–43. 

67 Miller CH, Hamilton JP, Sacchet MD, Gotlib IH. Meta-analysis of Functional 

Neuroimaging of Major Depressive Disorder in Youth. JAMA Psychiatry. 

2015;72:1045–53. 

68 Hunold A, Haueisen J, Freitag CM, Siniatchkin M, Moliadze V. Cortical 

current density magnitudes during transcranial direct current stimulation 

http://paperpile.com/b/nA9SdX/43OM0
http://paperpile.com/b/nA9SdX/43OM0
http://paperpile.com/b/nA9SdX/oIoMK
http://paperpile.com/b/nA9SdX/oIoMK
http://paperpile.com/b/nA9SdX/oIoMK
http://paperpile.com/b/nA9SdX/eRwHR
http://paperpile.com/b/nA9SdX/eRwHR
http://paperpile.com/b/nA9SdX/eRwHR
http://paperpile.com/b/nA9SdX/sunui
http://paperpile.com/b/nA9SdX/sunui
http://paperpile.com/b/nA9SdX/sunui
http://paperpile.com/b/nA9SdX/03kfo
http://paperpile.com/b/nA9SdX/03kfo
http://paperpile.com/b/nA9SdX/1sdLu
http://paperpile.com/b/nA9SdX/1sdLu
http://paperpile.com/b/nA9SdX/1sdLu
http://paperpile.com/b/nA9SdX/oIs96
http://paperpile.com/b/nA9SdX/oIs96
http://paperpile.com/b/nA9SdX/oIs96
http://paperpile.com/b/nA9SdX/MK5c1
http://paperpile.com/b/nA9SdX/MK5c1
http://paperpile.com/b/nA9SdX/MK5c1
http://paperpile.com/b/nA9SdX/PTLlC
http://paperpile.com/b/nA9SdX/PTLlC
http://paperpile.com/b/nA9SdX/PTLlC
http://paperpile.com/b/nA9SdX/qYy5m
http://paperpile.com/b/nA9SdX/qYy5m
http://paperpile.com/b/nA9SdX/qYy5m
http://paperpile.com/b/nA9SdX/qYy5m
http://paperpile.com/b/nA9SdX/8rHBz
http://paperpile.com/b/nA9SdX/8rHBz
http://paperpile.com/b/nA9SdX/8rHBz
http://paperpile.com/b/nA9SdX/wktOs
http://paperpile.com/b/nA9SdX/wktOs


Braz J Psychiatry - BJP Article Pre-Proof (as accepted) Page 32 of 38 

 

Braz J Psychiatry - Pre-Proof - http://doi.org/10.47626/1516-4446-2025-4418 

correlate with skull thickness in children, adolescent and young adults. 
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Supplementary material 

 

 

Table 1: Regions and MNI coordinates. 

Region  MNI coordinate (x, y, z) 

left SMA (cluster 1) -8, 4, 58 

right SMA (cluster1) 8 , 4 , 58 

left pre-SMA (cluster 2) -5, 24, 50 

right pre-SMA (cluster 2) 5, 24, 50 

left Brodmann area 9 (cluster 3) -6, 48, 29 

right Brodmann area 9 (cluster 3) 6, 48, 29 

left Brodmann area 10 (cluster 4) -4, 58, 6 

right Brodmann area 10 (cluster 4) 4, 58, 6 

left area 9/46d (cluster 5) -29, 40, 39 

right area 9/46d (cluster 5) 29, 40, 39 

left area 9/46v (cluster 6) -45, 28, 26 

right area 9/46v (cluster 6) 45, 28, 26 

left Brodmann area 46 (cluster 7) -28, 48, 15 

right Brodmann area 46 (cluster 7) 28, 48,15 

left area 8A (cluster 8) -30, 5, 49 

right area 8A (cluster 8) 30, 5, 49 

left anterior PMd (cluster 9) -23, 0, 51 

right anterior PMd (cluster 9) 23, 0, 51 

left area 8B (cluster 10) -24, 32, 38 

right area 8B (cluster 10) 24, 32, 38 

left pregenual ACC  -6, 34, 21  

right pregenual ACC  5, 28, 27  

left subgenual ACC  -4, 39, -2  

right subgenual ACC  5, 41, 6  

SMA: Supplementary Motor Area. PMd:  dorsal premotor area. ACC: Anterior 

Cingulate Cortex. MNI: Montreal Neurological Institute. 
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Table 2: One-way ANCOVA results of the differences in simulated electric field 

magnitudes among the groups and post-hoc Tukey p-values. 0: Group of adults with 

Major Depressive Disorder; 1: Group of adolescents with Low-risk of Major Depressive 

Disorder; 2: Group of adolescents with High-risk of Major Depressive Disorder and 3: 

Group of adolescents with Major Depressive Disorder. 

Region  ANOVA p-

value  

p-value (FDR-

corrected)  

Groups Comparison  Tukey p-value 

left SMA (cluster 1) 1.06E-18 4.85E-18        1-0  <1.00E-15 

       2-0  8.86E-13 

       3-0  1.92E-13 

       2-1  0.61 

       3-1  0.75 

       3-2  0.99 

right SMA (cluster1) 1.63E-20 3.91E-19        1-0  <1.00E-15 

       2-0  <1.00E-15 

       3-0  <1.00E-15 

       2-1  0.80 

       3-1  0.93 

       3-2  0.99 

left pre-SMA (cluster 2) 

 

2.69E-18 

 

7.68E-18        1-0  <1.00E-15 

       2-0  1.66E-12 

       3-0  1.12E-12 

       2-1  0.56 

       3-1  0.60 

       3-2  0.99 

right pre-SMA (cluster 

2) 

 

3.31E-19 1.99E-18        1-0  <1.00E-15 

       2-0  8.85E-14 

       3-0  1.01E-13 

       2-1  0.78 

       3-1  0.77 

       3-2  0.99 

left Brodmann area 9 

(cluster 3) 

1.28E-17 2.57E-17        1-0  <1.00E-15 

       2-0  6.20E-12 
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       3-0  1.02E-10 

       2-1  0.39 

       3-1  0.17 

       3-2  0.96 

right Brodmann area 9 

(cluster 3) 

4.02E-17 7.43E-17        1-0  <1.00E-15 

       2-0  2.57E-12 

       3-0  5.48E-11 

       2-1  0.73 

       3-1  0.41 

       3-2  0.96 

left Brodmann area 10 

(cluster 4) 

1.52E-13 1.82E-13        1-0  7.09E-13 

       2-0  1.36E-08 

       3-0  2.88E-08 

       2-1  0.33 

       3-1  0.26 

       3-2  0.99 

right Brodmann area 10 

(cluster 4) 

8.19E-12 8.55E-12        1-0  3.08E-11 

       2-0  1.48E-07 

       3-0  3.20E-07 

       2-1  0.42 

       3-1  0.33 

       3-2  0.99 

left area 9/46d (cluster 

5) 

2.67E-14 3.55E-14        1-0  3.83E-13 

       2-0  5.65E-10 

       3-0  1.25E-08 

       2-1  0.62 

       3-1  0.29 

       3-2  0.94 

right area 9/46d (cluster 

5) 

1.44E-14 2.04E-14        1-0  1.31E-13 

       2-0  5.43E-10 
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       3-0  1.34E-08 

       2-1  0.52 

       3-1  0.21 

       3-2  0.94 

left area 9/46v (cluster 

6) 

3.70E-11 3.70E-11        1-0  1.10E-10 

       2-0  1.16E-06 

       3-0  3.51E-07 

       2-1  0.31 

       3-1  0.45 

       3-2  0.99 

right area 9/46v (cluster 

6) 

1.54E-12 1.76E-12        1-0  4.08E-12 

       2-0  8.34E-08 

       3-0  2.19E-07 

       2-1  0.30 

       3-1  0.21 

       3-2  0.99 

left Brodmann area 46 

(cluster 7) 

2.26E-12 2.46E-12        1-0  5.71E-12 

       2-0  7.36E-08 

       3-0  4.60E-07 

       2-1  0.34 

       3-1  0.18 

       3-2  0.98 

right Brodmann area 46 

(cluster 7) 

4.64E-14 5.86E-14        1-0  4.08E-13 

       2-0  2.48E-09 

       3-0  1.11E-08 

       2-1  0.46 

       3-1  0.30 

       3-2  0.99 

left area 8A (cluster 8) 8.18E-17 1.31E-16        1-0  <1.00E-15 

       2-0  1.50E-12 
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       3-0  9.91E-11 

       2-1  0.88 

       3-1  0.48 

       3-2  0.90 

right area 8A (cluster 8) 7.93E-16 1.19E-15        1-0  1.10E-13 

       2-0  2.64E-11 

       3-0  6.39E-11 

       2-1  0.82 

       3-1  0.74 

       3-2  0.99 

left anterior PMd 

(cluster 9) 

1.21E-18 4.85E-18        1-0  <1.00E-15 

       2-0  1.66E-12 

       3-0  7.99E-13 

       2-1  0.45 

       3-1  0.52 

       3-2  0.99 

right anterior PMd 

(cluster 9) 

5.32E-17 9.12E-17        1-0  <1.00E-15 

       2-0  1.57E-12 

       3-0  1.93E-11 

       2-1  0.88 

       3-1  0.66 

       3-2  0.98 

left area 8B (cluster 10) 2.77E-18 7.69E-18        1-0  <1.00E-15 

       2-0  9.57E-13 

       3-0  3.80E-12 

       2-1  0.59 

       3-1  0.45 

       3-2  0.99 

right area 8B (cluster 

10) 

4.79E-18 1.15E-17        1-0  <1.00E-15 

       2-0  1.87E-12 
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       3-0  1.22E-11 

       2-1  0.51 

       3-1  0.33 

       3-2  0.99 

left pregenual ACC 1.53E-19 1.23E-18        1-0  <1.00E-15 

       2-0  2.27E-13 

       3-0  7.29E-13 

       2-1  0.99 

       3-1  0.33 

       3-2  0.43 

right pregenual ACC 9.27E-19 1.11E-18        1-0  <1.00E-15 

       2-0  1.96E-13 

       3-0  6.53E-13 

       2-1  0.38 

       3-1  0.29 

       3-2  0.99 

left subgenual ACC 5.82E-18 1.27E-17        1-0  <1.00E-15 

       2-0  1.41E-11 

       3-0  1.82E-12 

       2-1  0.34 

       3-1  0.54 

       3-2  0.99 

right subgenual ACC  2.88E-18 7.69E-18        1-0  <1.00E-15 

       2-0  1.74E-12 

       3-0  3.25E-12 

       2-1  0.51 

       3-1  0.44 

       3-2  0.99 

SMA: Supplementary Motor Area. PMd:  dorsal premotor area. ACC: Anterior 

Cingulate Cortex. 

 

 


