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Abstract 

Objective: This systematic review aims to assess the effects of transcranial electrical 

stimulation (tES) on adults with anxiety. It focuses on evaluating physiological 

markers like heart rate variability (HRV), electroencephalogram (EEG), cortisol, and 

Interleukin-6 (IL-6) levels alongside various rating scales. Methods: The review 

process, adhering to PRISMA guidelines, involved a thorough literature search 
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across databases such as Embase, Scopus, PsycINFO, PubMed, and Web of 

Science. The risk of bias and quality of studies was evaluated using the JADAD 

scale. In total, 34 articles were meticulously chosen and analyzed by independent 

reviewer pairs. Results: The review included 34 studies, encompassing 1567 

participants aged between 18 to 65. The findings were mixed: while 19 studies 

reported a reduction in anxiety symptoms, 10 found no significant differences, and 4 

did not report changes in anxiety. Two studies were inconclusive. Conclusions: The 

review highlights a lack of standardized protocols for using tDCS in treating anxiety. 

The methodological quality of most studies was critically low, per PRISMA 

guidelines. There was considerable variation in methodological approaches across 

the studies, indicating a need for standardization in the research of anxiety treatment 

using tES. 

Keywords: Systematic Review, Anxiety, tDCS, Non-Invasive. 

 

Introduction 

Anxiety is one of the most prevalent psychological conditions worldwide, 

affecting millions of people across different age groups. It is the sixth leading cause 

of disability worldwide and the second most debilitating in most countries in the 

Americas1,2. According to WHO`s survey, Brazil has the highest prevalence of 

anxiety disorders worldwide. Brazil exhibits the highest prevalence in primary care 

settings1,3,4. Its negative impact on individuals' quality of life and mental and physical 

health makes searches for effective therapeutic interventions imperative. In this 

context, transcranial direct current stimulation (tDCS) has emerged as a promising 

approach for the treatment of anxiety5–7. 

tDCS is a non-invasive neuromodulatory technique that involves the 

application of low-intensity electrical current through electrodes placed on the scalp. 

This electrical stimulation aims to modulate neuronal excitability and has been 

investigated in various neuropsychiatric conditions, including anxiety. Scientific 

literature has reported evidence that tDCS can influence not only brain activity, but 

also biological and physiological markers related to anxiety. Additionally, tDCS 
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intervention may have effects on psychological aspects closely associated with 

anxiety, such as mood, cognition, and emotional regulation 8–13. 

However, despite preliminary research indicating promising results, there is 

still no clear consensus on the efficacy of tDCS as a treatment for anxiety, as well 

as on the underlying mechanisms of its biological, physiological, and psychological 

effects 14–17. However, the efficacy of tDCS for anxiety treatment is still under debate, 

as highlighted by the need for further research. Despite numerous studies, the 

mechanisms and effects of tDCS on anxiety remain unclear and require further 

investigation, as discussed by Shin18. 

Therefore, a systematic review is necessary to gather, synthesize, and 

critically evaluate the available evidence in the scientific literature to provide a 

comprehensive and up-to-date understanding of the topic. We aim to examine and 

analyze studies that have investigated biological, physiological, and psychological 

markers associated with tDCS intervention, where anxiety is one of the markers. The 

goal is to identify the main findings of these studies, assess their methodological 

quality, and discuss the clinical and theoretical implications of this evidence. 

By providing a critical synthesis of the current state of research in this field, it 

is hoped that this systematic review will contribute to advancing knowledge about 

the role of tDCS as an intervention for anxiety and stimulate future investigations 

that can clarify the neurobiological mechanisms involved and enhance available 

therapeutic approaches for individuals dealing with this challenging psychological 

condition. 

 

Materials and Methods  

A systematic literature review followed PRISMA guidelines19,20. Bibliographic 

and cross-sectional research was carried out through publications of scientific 

articles obtained in electronic media that answered what changes occur in people 

with anxiety after intervention with transcranial direct current stimulation (tDCS).  

Data from the included studies were summarized descriptively in Table 1 containing 

authors, year of publication, country, sample, aims, assessment, results and 

conclusions of each study and a narrative synthesis was conducted. The 
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Supplementary Material of Table 1 is presented in Appendix A - Supplementary 

material- Table 1. 

We adhered to the PICO framework guidelines for search strategies, and the 

research question addressed the following components: Are there changes in 

cortisol and Interleukin-6 levels, Heart Rate Variability, Electroencephalogram (EEG) 

records, and anxiety assessment scales after Transcranial Direct Current 

Stimulation (tDCS) in adults with anxiety? 

To identify studies with relevant information, literature searches were 

conducted using five online databases: Embase, Scopus, PsycINFO, PubMed, and 

Web of Science. We searched for studies in any language between 2017 and July 

2023 that referred to the assessment of anxiety levels after the intervention of 

transcranial electrical stimulation. MeSH terms were as follows: (("Transcranial 

Direct Current Stimulation" OR "Transcranial Direct Current Stimulation" OR tDCS 

OR "Cathodal Stimulation tDCS" OR "Transcranial Random Noise Stimulation" OR 

"Transcranial Alternating Current Stimulation" OR "Transcranial Electrical 

Stimulation" OR "Transcranial Electrical Stimulations" OR "Anodal Stimulation 

Transcranial Direct Current Stimulation" OR "Anodal Stimulation tDCS" OR 

"Repetitive Transcranial Electrical Stimulation" AND ((Anxiety OR Anxiet* OR Angst] 

OR Nervousness OR Hypervigilance OR Anxiousness OR "Social Anxiety" OR 

"Social Anxieties") OR ("Anxiety Disorders" OR "Anxiety Disorders" OR "Anxiety 

Disorder" OR "Anxiety Neuroses" OR "Neurotic Anxiety States" OR "Generalized 

anxiety disorder" OR "generalized anxiety"). Details of the protocol for this review 

were registered on the International Prospective Register of Systematic Reviews 

(PROSPERO) - under the CRD473699  registration number. 

Figure 1 contains a flowchart illustrating the analysis, and the PRISMA 

Checklist is presented in Appendix B - Supplementary material- PRISMA 2020 

Checklist.  
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Figure 1- PRISMA 2020 flow diagram for new systematic reviews 

 

 

 

Inclusion/exclusion criteria 

Articles eligible for this systematic review investigated whether the occurrence 

of January 2017 to July 2023. The studies had to meet specific criteria: articles 

published in peer-reviewed journals, involving only human participants, reporting 

original research, case-control, cohort, cross-sectional study, clinical trial, pilot study, 



Trends Psychiatry Psychother - Journal Article Pre-Proof (as accepted) Page 7 of 136 

 

 

Trends Psychiatry Psychother - Pre-Proof - http://doi.org/10.47626/2237-6089-2024-0950 

 
 

individuals over 18 years of age, and reporting outcome measures on changes in 

anxiety symptoms. 

We excluded studies that included repeated articles, book chapters, doctoral 

thesis, master's dissertation, summary (only), articles without summary, letters to the 

editor, conference publications, literature reviews/Meta-analysis, animal models 

under 18 years old, and associated pathologies. 

 

Charting methods 

Two independent reviewers, supervised by a third person, systematically 

extracted information following a predefined format. The extracted study 

characteristics included qualitative summaries of (1) the aims of the review, (2) the 

type of study, (3) treatment and control/comparison groups, (4) inclusion and 

exclusion criteria, (5) sample characteristics (e.g., age, gender), and (6) main 

findings. The extracted quantitative variables included (1) the date range of 

databases searched, (2) the number of included studies, and (3) the effect size 

results (e.g., Hedges’s g). If articles included Supplemental Materials, those were 

also examined along with the review article. Any discrepancies in data extraction 

were resolved through discussion with the judge author. 

 

Data extraction and quality assessment 

Once an article was selected for review, fulfilling the exclusion and inclusion 

criteria, the following data were extracted: authors, country, description of objectives, 

study design, sample characteristics, number of sessions, session time, number of 

weeks, device used, assessment instruments used, recording of heart rate variability 

(HRV), collection of interleukin-6 and cortisol, measured by EEG and reduction of 

anxiety and conclusion of the study.  

 

Quality of evidence 

Based on the GRADE system downgrading factors, the quality was classified 

as high, moderate, low, and very low21. Two independent judges assessed each 

study's limitations, inconsistency, imprecision, and publication bias. The 

https://www.sciencedirect.com/science/article/pii/S0887618522000019#sec0090
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methodological quality of the studies was evaluated by two reviewers (FM and 

FRTA); the evaluation was based on the quality of both the RCTs and the moderation 

analyses to obtain a combined quality score. The differences between the two 

reviewers were resolved by discussion until a consensus was reached. 

 

Quality assessment 

The methodological quality of the studies was assessed using the Jadad scale 

(“Appendix: Jadad Scale for Reporting Randomized Controlled Trials,” 2005). This 

scale comprises a set of five questions evaluating three aspects of clinical trials – 

randomization, blinding, and reporting of follow-up losses. The questions offer a 

binary response option (yes=1/no=0), with a scoring range of 0 to 5. Studies scoring 

below three possess low methodological quality, and their findings are deemed 

unsuitable for clinical practice. 

 

Study characteristics 

This search strategy yielded 663 articles. After removing duplicates and 

screening articles based on their titles and abstracts, 106 articles were selected for 

full-text evaluation. Following abstract and full-text screening, 25 were excluded and 

did not meet our inclusion criteria.  

As a result, 34 22–55studies were analyzed, a sample of 1567 individuals, mean 

age ranged from 18 to 65 years old.  

This data was summarized using a table (Table 1). 
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Table 1- Articles analyzed in the study 
 

Author (year) Country  Method Sample Aims Instruments HRV EEG Initial interleukin-6 final Interleukin-6 Cortisol Decrease in anxiety Conclusion 

Dutra, L. R. D. V. et al. 

(2020)22 

Brazil double-blind, placebo-

controlled trial 

26 women with the 

diagnosisof primary 

dysmenorrhea  

To determine whether 

tDCS could offer clinical 

benefits on pain, anxiety, 

affectivity, and 

functionality in women 

with primary 

dysmenorrhea. 

Hamilton Anxiety Scale 

(HAS), Positive and 

Negative AffectSchedule, 

The Six-Minute Walk Test 

(6MWT), Numeric Rating 

Scale for Pain 

No No No No No Yes Anodal tDCS over the left 

DLPFC seems to be an 

effective therapeutic 

approach for improving 

anxiety and functional 

capacity in patients with 

primary dysmenorrhea. 

Although painful 

symptomatology 

decreased, no significant 

effects were seen between 

groups. 

Garcia, S. et al. (2020)23 United States Of America double-blind, placebo-

controlled trial 

143 undergraduate 

students with and without 

a history of anxiety 

disorder diagnoses were 

recruited for this study.  

To investigate the use of 

transcranial direct current 

stimulation (tDCS) on 

both common anxiety 

symptoms and executive 

function abilities in a 

college aged sample. 

State Trait Anxiety 

Inventory (STAI) ; GAD-

7; Rey-Osterreith 

Complex Figure Task; 

Wisconsin Card Sorting 

Task 

NI NI NI NI NI No Overall, results suggest 

that while anodal 

stimulation of the lDLPFC 

may benefit cognitive 

abilities for this 

population, targeting 

psychological symptoms 

of anxiety likely requires 

stimulation over other 

cortex, possibly right 

DLPFC. Further, the use 

of tDCS, whether active or 

sham, may be distressing 

to patients. 

Gibson, B. C. et al. 

(2021)24 

United States Of America double-blind, placebo-

controlled trial 

54 healthy individuals  To explore the extent to 

which differences in state 

anxiety and related 

measures affect visual 

attention and category 

learning, both with and 

without the influence of 

tDCS. 

short form of the Profile of 

Mood States (POMS), 

Remote Associates Test 

(RAT), Remote Associates 

Test (RAT) 

NI NI NI NI NI It cannot be ruled out, and 

may even be likely, that 

trepidation about tDCS 

itself was the driving force 

behind individual 

differences  

These results indicate that 

anxiety can influence the 

quality of subjects’ 

attention at the onset of the 

task and that these 

attentional differences can 

influence tDCS-mediated 

category learning during 

the rapid assessment of 

visual scenes. These 

findings have implications 

for understanding the 

complex interactions that 

give rise to the variability 

in response to tDCS. 

Clarke, P. J. F. et al. 

(2020)25 

Australia double-blind, placebo-

controlled trial 

75 (female) healthy 

participants 

To assess the impact of 

tDCS on worry in terms of 

its immediate effects on 

negative intrusive thoughts 

and worry-related 

emotional reactivity. 

Secondly, to examine 

whether concurrent 

engagement in a mindful 

task during tDCS delivery 

would further augment 

any observed effects.  

DASS e STAI-S NI NI NI NI NI No Active tDCS was 

associated with 

significantly greater 

elevation in anxiety in 

response to the worry 

induction. No effects were 

observed on the frequency 

of negative thought 

intrusions, and the 

combined delivery of 

tDCS with the concurrent 

mindful task did not alter 

the pattern of observed 

effects. While inviting 

replication in a high 

anxious sample, the 

present results highlight 

the possibility that tDCS 

may interact with 

motivated engagement in 

negative patterns of 

cognition, such as worry, 

to produce greater 

emotional reactivity. 

Cobb, A. R. et al. (2021)26 United States Of America double-blind, placebo-

controlled trial 

49 healthy participants 

with marked fear of 

snakes, spiders, and/or 

contamination-related 

threats 

To preliminarily test 

whether excitatory tDCS 

of left mPFC and 

inhibitory tDCS of right 

dlPFC accelerates 

responding and improves 

outcomes from a single 

session of in vivo 

exposure in a 

transdiagnostic sample 

with marked 

arachnophobic, 

ophidophobic, and 

contamination-related fear. 

Also, to test the prediction 

that the effects of 

facilitating therapeutic 

learning should depend on 

qualities of that learning, 

in terms of emotional, 

cognitive, and behavioral 

reactions to feared targets 

and to test whether several 

negative prognostic 

indicators moderate tDCS 

augmentation effects. 

DMQ = Demographics 

and Medical 

Questionnaire; MINI-5= 

Mini International 

Neuropsychiatric 

Interview, Version 5; 

ADIS-5 = Anxiety and 

Related Disorders 

Interview Schedule for 

DSM-5 Disorders; C-

SSRS = Columbia Suicide 

Severity Rating Scale; 

CLQ = Claustrophobia 

Questionnaire; FSQ = Fear 

of Snakes and Spiders ; 

Questionnaire; OCI-R = ; 

experiential avoidance 

(EA; BEAQ), 

generalanxiety (BAI), and 

depression (BDI-II). 

NI NI NI NI NI Yes This investigation 

provides novel preliminary 

support for the use of 

tDCS to enhance in vivo 

exposure. Along with 

other emerging 

neuromodulation 

approaches to enhance 

extinction learning, the 

present results are 

encouraging. The most 

remarkable pattern across 

study findings suggests 

tDCS may promote good 

clinical outcomes despite 

the presence of several 

negative prognostic 

indicators. In sum, active 

tDCS was found to 

especially benefit 

individuals with more 

severe phobic symptoms 

and elevated fearful 

reactivity to anxiety, as 

well as individuals who 

exhibited persistent 
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emotional distress and 

threat-related beliefs about 

feared targets at the last 

exposure trial. These 

results should be 

interpreted cautiously due 

to the preliminary nature 

of this investigation. 

However, replication with 

larger and more severe 

clinical samples, and 

parallel efforts to optimize 

dosing parameters appear 

warranted. tDCS and other 

neuromodulation 

technologies have clear 

therapeutic potential for 

patients who are otherwise 

refractory to standard 

exposure-based 

interventions. 

Ney, L. J. et al. (2021)27 Australia and Italy  single-blinded 30 healthy participants To investigate whether 

tDCS immediately 

following extinction 

learning improves efficacy 

of extinction memory 

retention. 

Depression, Anxiety and 

Stress Scales (DASS-21), 

Alcohol Use Disorder 

Identification Test 

(AUDIT), Skin 

Condutance Response 

(SCR) 

No No No No No No Participants in the tDCS 

group showed impaired 

fear extinction retention on 

day 2, marked by 

significant generalisation 

of fear to the safety 

stimulus. This contrasts 

with earlier studies 

showing improved 

extinction retention when 

stimulation occurred 

during encoding of 

extinction learning, 

compared to immediate 

consolidation as in our 

study. These findings may 

have important 

implications for the use of 

tDCS during exposure 

therapy for anxiety and 

trauma disorders. 

Movahed, F. S. et al. 

(2018)28 

Iran single-blind, placebo-

controlled trial 

18 Adults with GAD !! 

(46% female; 64%male= 

+100%) 

To conduct an 

experimental design using 

tDCS on reduction of 

depressive and anxiety 

symptoms, and worry in 

patients with generalized 

anxiety disorder (GAD). 

GAD-7; Hamilton anxiety 

rating scale (HARS); 

Hamilton depression 

rating scale (HDRS); Penn 

state worry questionnaire 

(PSWQ)avaliação de 

depressão de Hamilton 

(HDRS) 

NI NI NI NI NI No The tDCS is a promising 

treatment for generalized 

anxiety disorder, 

especially in depressive 

and worry symptoms. 

Ahmadizadeh, M. J., 

Rezaei, M., & Fitzgerald, 

P. B. (2019)29 

Iran double-blind, placebo-

controlled trial 

40 Adults with PTSD (26 

female; 14 males) 

To examine the efficacy of 

tDCS for PTSD and its 

sub-symptoms. 

Posttraumatic stress 

disorder checklist for 

DSM-5 (PCL-5); Beck 

Depression Inventory-II 

(BDI-II); Beck Anxiety 

Inventory (BAI) 

NI NI NI NI NI yes This study supported the 

efficacy of 10 sessions of 

bilateral DLPFC tCDS 

delivered at 2 mA for the 

treatment of PTSD 

symptoms. Taken 

together, these findings 

suggest that although 

tDCS can reduce PTSD 

symptoms, researchers 

should consider the 

different types of PTSD 

and use strategies to 

ensure sufficient power to 

detect a potential effect of 

tDCS on various types of 

PTSD. 

Author (year) Country  Method Sample Aims Instruments HRV EEG Initial interleukin-6 final Interleukin-6 Cortisol Decrease in anxiety Conclusion 

Azmoodeh, S., Soleimani, 

E., & Issazadegan, A. 

(2021)30 

Iran randomized clinical trial 30 pacientes with epilepsy To examine the effects of 

transcranial direct current 

stimulation (tDCS) on the 

psychological profile of 

patients with epilepsy. 

DASS-21 NI NI NI NI NI Yes  The results showed that 

tDCS could reduce 

depression, anxiety, and 

stress with the changes 

caused in the brain system.  

Bornheim, E. et al. (2020) 

31 

Belgium double-blind, placebo-

controlled trial 

50 acute stroke patients 

aged between 18 and 80 

years old, presenting their 

first ever symptomatic 

ischemic stroke confirmed 

by CT or MRI were 

eligible for the study (33 

female; 17 male) 

To measure the effects of 

tDCS on functional and 

sensory outcomes 

throughout the first year 

post onset of stroke. 

Wolf Motor Function Test, 

Semmes Weinstein 

Monofilament Test, Upper 

Extremity Section 

(UEFM), Lower Extremity 

section (LEFM), 

Somatosensory section do 

Fugl Meyer Test, Tardieu 

Spasticity Scale, Stroke 

Impact Scale (SIS), 

Hospital Anxiety and 

Depression Scale (HADS) 

e Barthel Index. 

NI NI NI NI NI yes tDCS seems to be an 

effective adjuvant to 

conventional rehabilitation 

techniques. If applied in 

the acute stages of stroke, 

functional recovery is not 

only accelerated, but 

improved, and results are 

maintained up to one-year 

post stroke 

De Doncker, W., 

Ondobaka, S., & 

Kuppuswamy, A. 

(2021)32 

United Kingdom double-blind, placebo-

controlled trial 

30 Adults - Post-stroke 

after 3 months  

To assess whether fatigue 

symptoms can be reduced 

by increasing cortical 

excitability using anodal 

transcranial direct current 

stimulation (tDCS). 

FSS-7, VAS, EMG, The 

Hospital Anxiety and 

Depression Scale 

NI NI NI NI NI Unclear A single session of anodal 

tDCS improves fatigue 

symptoms with the effect 

lasting up to a week post 

stimulation. tDCS may 

therefore be a useful tool 

for managing fatigue 

symptoms post-stroke. 

de Lima, A. L. et al. 

(2019)33 

Brazil double-blind, placebo-

controlled trial 

30 adults with GAD  To evaluate the effect of 

anodal tDCS over DLPFC 

Hamilton Anxiety Rating 

Scale and the Beck 

NI NI NI NI NI No Five sessions of anodal 

tDCS along the DLPFC 
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on anxiety and on the level 

of stress, depression and 

positive/negative 

affectivity. 

Anxiety Inventory, the 

Lipp Inventory of Stress 

Symptoms for Adults, 

Positive and Negative 

Affect Schedule, and the 

Beck Depression 

Inventory (BDI). 

did not improve key 

outcomes for patients with 

GAD, although physical 

stress symptoms 

improved. The role of 

tDCS in GAD should be 

explored in larger patient 

samples using different 

parameters. 

Jafari, E. et al. (2021)34 Iran double-blind, placebo-

controlled trial 

45 patients with SAD  To determine whether 

modulation of the 

dorsolateral and medial 

PFC activity with a novel 

intensified stimulation 

protocol reduces SAD 

core symptoms, improves 

treatment-related 

variables, and reduces 

attention bias to 

threatening stimuli. 

Liebowitz Social Anxiety 

Scale (LSAS), Penn State 

Worry Questionnaire 

(PSWQ), Beck Depression 

Inventory-II (BDI-

II),Difficulties in Emotion 

Regulation Scale (DERS) 

,WHOQUL 

questionnaire,paradigma 

dot-probe 

NI NI NI NI NI Yes Modulation of lateral-

medial PFC activity with 

intensified stimulation can 

improve cognitive control, 

motivation and emotion 

networks in SAD and 

might thereby result in 

therapeutic effects. These 

effects can be larger with 

2-mA vs 1-mA intensities, 

though a linear 

relationship between 

intensity and efficacy 

should not be concluded. 

Our results need 

replication in larger trials. 

Kumari, B. et al. (2023)35 India simple-blind, placebo-

controlled trial 

50 adults with depression To compare the change in 

Hamilton Depression 

Rating Scale (HAM-D) 

scores with an early, add-

on tDCS versus sham 

tDCS in patients with 

major depressive disorder. 

Also, to compare the rates 

of tDCS related side 

effects between the active 

and sham tDCS group. 

Hamilton Depression 

Rating Scale (HAM-D), 

Beck’s Depression 

Inventory (BDI), and 

Hamilton Anxiety Rating 

Scale (HAM-A) 

NI NI NI NI NI No The study revealed a 

significant reduction in 

symptom severity with 

tDCS augmentation 

implying beneficial 

aspects of tDCS as an 

early augmentation 

strategy in drug-free 

patients of moderately 

severe depression. The 

tDCS application hastens 

the process of reduction in 

depressive and anxiety 

symptoms. The side 

effects associated with 

tDCS were usually of mild 

to moderate intensity, and 

tDCS was well tolerated. 

The findings from our 

study support the use of 

tDCS along with 

medications as an 

augmentation strategy 

early in the intervention 

process for moderate to 

severe depressive episode. 

However, the beneficial 

effects of tDCS may be 

time-limited. Increasing 

the number of tDCS 

sessions or incorporating 

the strategy of booster 

sessions may prolong the 

benefits; further studies 

are warranted to analyze 

this. 

Marcolin, K. A. S. et al. 

(2023)36 

Brazil clinical trial 8 Patients over 18 years of 

age diagnosed with PTSD 

without complete 

remission of symptoms 

To present a clinical trial 

study conducted in 

patients with PTSD caused 

by the KISS nightclub fire 

disaster who, being 

unresponsive to 

pharmacological therapy, 

underwent tDCS 

treatment. 

The Post-Traumatic Stress 

Disorder Checklist, 

Civilianversion (PCL-C), 

The Montreal Cognitive 

Assessment (MoCA), The 

Hamilton Depression 

Rating Scale (HAM-D) 

and The Hamilton Anxiety 

Rating Scale (HAM-A) 

No No No No No Yes  Despite decrease over 

time, improvement in 

post-traumatic stress 

disorder, depression and 

anxiety symptoms was 

maintained throughout the 

first month after treatment. 

Transcranial direct current 

stimulation adjuvant can 

be analternative treatment 

to refractory post-

traumatic stress disorder, 

either as monotherapy or 

as treatment 

enhancementstrategy. 

They can also be an option 

for patients who do not 

want or do not tolerate 

pharmacological 

management. 

McAleer, J. et al. (2023)37 United States Of America double-blind, pseudo-

counterbalanced design; 

pilot study 

29 volunteers with 

depression and/or anxiety, 

confirmed via psychiatric 

evaluation by a board-

certified psychiatrist (>23 

on the Depression Anxiety 

Stress Scale, DASS-21) 

To analyze the effects of 

dlPFC-targeting tDCS and 

offset (180-degree phase 

difference in stimulating 

electrodes) theta-tACS on 

emotion regulation in 

individuals with 

internalizing 

psychopathologies (IPs), 

measured by analyzing 

changes in their heart rate 

variability (HRV) in the 

context of repeated 

emotion regulation tasks.  

DASS-21 Yes Yes no no no NI tACS appears to increase 

ER capacity as reflected in 

increased HRV in 

individuals with 

internalizing 

psychopathologies, 

particularly after two 

sessions of stimulation. 

This study adds validity to 

the use of tACS as a 

neuromodulatory 

technique in cognitive and 

clinical research. 

Additional research is 

required to better 
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understand potential carry-

over effects of multiple 

sessions of stimulation. 

Naeim, M., Rezaeisharif, 

A., & Moghadam, S. A. 

(2021)38 

Iran double-blind, placebo-

controlled trial 

60 methadone users who 

had severe depression and 

anxiety. 

To evaluate the 

effectiveness of 

transcranial direct current 

stimulation (tDCS) on 

depression and anxiety in 

methadone users. 

Beck’s depression 

inventory, Berger’s test 

NI NI NI NI NI Yes It seems that the method of 

tDCS can reduce the 

severity of symptoms of 

depression and anxiety. 

Therefore, it can be 

claimed that this 

intervention can be 

considered by experts as a 

complementary 

intervention along with 

other psychological and 

pharmacological 

treatments. 

Author (year) Country  Method Sample Aims Instruments HRV EEG Initial interleukin-6 final Interleukin-6 Cortisol Decrease in anxiety Conclusion 

Nejati, V. et al. (2021)39 Iran  randomized, single-

blinded, and complete 

crossover design 

34 adults with GAD, with 

an age range between 20 

and 45 years ;19 females, 

To explore the causal 

contribution of the 

dorsolateral and 

ventromedial prefrontal 

cortices (dlPFC, vmPFC) 

on cognitive bias via non-

invasive brain stimulation. 

The state-trait anxiety 

inventory (STAI), Dot 

probe task, Reading mind 

from eyes test (RMET) 

NI NI NI NI NI NI As suggested by the 

results of this study, both 

dlPFC and vmPFC are 

involved in cognitive bias 

in GAD, but with partially 

different roles. Anodal 

stimulation over the right 

vmPFC and the left dlPFC 

reduced attention bias, 

supporting the relevance 

of these areas for attention 

bias. For interpretation 

bias, the significant effect 

of anodal dlPFC/cathodal 

vmPFC stimulation, but 

only trendwise effect of 

anodal tDCS over the 

dlPFC combined with an 

extracephalic return 

electrode is in accordance 

with a predominant effect 

of the dlPFC on 

interpretation bias, but 

does not rule out an 

additional minor 

involvement of the 

vmPFC. Based on these 

results, a new model is 

suggested for the neural 

underpinnings of anxiety 

symptoms. 

Nikakhlagh, S. et al. 

(2023)40 

Iran double-blind, placebo-

controlled trial 

42 right-handed 

participants with normal 

hearing sensitivity, who 

reported a chronic tinnitus 

lasting for at least 12 

months  

To evaluate the 

therapeutic effects of 

repeated sessions of 

anodal bifrontal tDCS on 

tinnitus symptoms. 

Furthermore, the tDCS 

impacts on the comorbid 

depression and anxiety of 

the patients were 

investigated. 

Tinnitus Handicap 

Inventory (THI), Beck 

Depression Inventory 

(BDI), Beck Anxiety 

Inventory (BAI) 

No No No No No Yes Our findings indicated that 

THI score, depression and 

anxiety level has been 

gradually diminished 

across subsequent 

measurement intervals. 

We also find significant 

reduction of distress-

related tinnitus in the real-

tDCS group after 

treatment. We conclude 

that application of tDCS to 

the bilateral DLPFC 

region alleviates chronic 

tinnitus and it should be 

considered in patients with 

refractory tinnitus. 

Nishida, K. et al. (2021)41 Japan/Germany randomized clinical trial 58 healthy participants 

(n=28-active; 30 sham) 

To augment the effects of 

mindfulness, suggested for 

reducing anxiety, with 

concurrent use of tDCS. 

STAI, the Positive and 

Negative Affect Schedule 

(PANAS)25, the Schedule 

for the Evaluation of 

Individual QoLDirect 

Weighting (SEIQoL-

DW)26, and the Five 

Facet Mindfulness 

Questionnaire (FFMQ) 

No Yes NI NI NI Yes The results of this study 

revealed an interaction 

effect between tDCS and 

time, and that SA-STAI 

scores were significantly 

decreased at 1 week after 

active tDCS. Furthermore, 

we found that the actual 

density of alpha activity in 

the rACC was 

significantly decreased 

only in the active tDCS 

group, and this reduction 

was significantly greater in 

the active group than in 

the sham tDCS group. 

Paula, T. M. H. et al. 

(2023)42 

Brazil double-blind, placebo-

controlled trial 

86 women with 

fibromyalgia (18-65) 

To investigate the 

analgesic and 

neuromodulatory effects 

of previous treatment with 

LDN combined with 

anodal tDCS in women 

with fibromyalgia. 

sociodemographic, Visual 

Analog Pain Scale (VAS), 

Pain Catastrophizing Scale 

(PCS), State-Trait Anxiety 

Inventory (STAI), 

Fibromyalgia Impact 

Questionnaire (FIQ), Beck 

Depression Inventory 

(BDI-II), Profile of 

Chronic Pain Scale 

(PCP:S), Pain Pressure 

Threshold (PPT), and 

Conditioned Pain 

Modulation (CPM). 

No No No No No Yes Combined LDN+tDCS has 

possible benefits in 

reducing pain frequency 

and intensity; 
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Pinto, A. C. P. N. et al. 

(2021)43 

Brazil Randomized Controlled 

Trial (piloto) 

36 Women aged 18–65 

years with pSS, on stable 

pharmacological therapy 

for least threemonths, with 

complaints of fatigue for 

at least three months. 

To evaluate the effect of a 

tDCS protocol on fatigue 

in patients with primary 

Sjögren's Syndrome (pSS) 

Fatigue Severity Scale 

(FSS), Profile of Fatigue 

and Discomfort -Sicca 

Symptoms Inventory 

(PROFAD-SSI), EULAR 

Sjogren € ’s Syndrome 

Patient Reported Index 

(ESSPRI), ShortForm 12 

Health Survey (SF-12), 

Pittsburgh Sleep Quality 

Index, Beck Depression 

Inventory (BDI), Elecsys 

Cortisol II assay kit. 

No No No No Yes No tDCS seems to be safe and 

reduce fatigue in pSS. A 

differential effect on pain 

and sleep may underlie its 

effects. Further studies are 

needed to optimise tDCS 

treatment strategies in pSS 

Singh, S. et al. (2021)44 India Pilot Study - prospective 

interventional study 

35 patients diagnosed with 

depressive disorder (based 

on CID-10) who showed 

inadequate improvement 

on antidepressant selective 

serotonin reuptake 

inhibitors  

To study the effect of 

tDCS as an augmentation 

strategy in depression and 

its various symptom 

domains. 

Hamilton Rating Scale for 

Depression-17 items 

(HAM-D) 

No No No No No Yes tDCS increase improves 

depressive symptoms in 

the short term. Almost all 

domains or variables of 

depressive 

symptomatology 

responded to tDCS in our 

sample. In clinical 

practice, this may help 

reduce sequential trials of 

multiple antidepressants or 

adjuvant drugs and avoid 

their costly side effects, 

thereby providing a safer 

alternative modality for 

treating depression. 

However, the open-label 

nature, absence of a 

control group, modest 

sample size, lack of 

uniform doses of 

antidepressant treatment, 

and lack of long-term 

evaluation of outcome 

measures are limitations 

that restrict the 

generalizability of this 

study. 

Smits, F. M. et al. 

(2022)45 

Netherlands double-blind, placebo-

controlled trial 

100 active-duty mili-tary 

personnel and post-active 

veterans with PTSD, 

anxiety, or impulsive 

aggression symp-toms 

To replicate tDCS-

enhanced inhibitory 

control training in a 

clinical sample and test 

whether this reduces 

stress-related mental 

health symptoms. 

Stop-signal response time 

(SSRT), Bochum 

Emotional Stimulus Set 

(BESST), Implicit 

association task (IAT), 

PTSD Checklist for DSM-

5, the trait version of 

thepositive and negative 

affect schedule (PANAS), 

STAXI-2, Beck 

Depression Inventory 2nd 

edition (BDI-II), Outcome 

Questionnaire 45 (OQ45), 

Dutch version of the 

childhood trauma 

questionnaire shortform 

(CTQ-SF) and Barrett’s 

ImpulsivityScale (BIS-11) 

No No No No No No The current RCT in 

military patients with 

stress-related symptoms 

provides no evidence for 

short-term or long-term 

benefits of 5 sessions of 

20-min tDCS targeting the 

right IFG at an intensity of 

1.25 mA combined with 

response inhibition 

training, on inhibitory 

control or PTSD, anxiety, 

and impulsive aggression 

symptoms. For these 

patients, tDCS may be 

more effective in higher 

doses (e.g. higher current 

density, more sessions) or 

when combined with 

emotionally challenging 

tasks or psychotherapy. 

Gaining insight in 

determinants of tDCS 

efficacy and convenient 

brain targets for 

neuromodulation in stress-

related disorders will 

allow the tailoring of 

future tDCS interventions. 

Szeremeta, E. M. et al. 

(2023)46 

Australia double-blind, placebo-

controlled trial 

101 To examine the effects of 

tDCS to the left DLPFC 

on attentional bias towards 

both negative and positive 

information, as well as its 

effects on both negative 

and positive emotional 

reactivity in response to 

emotional content. 

Positive and Negative 

Affect Schedule 

(PANAS); STAI-S; 

DASS-21; IDATE-S 

Yes no no no no Yes  We found no evidence of 

tDCS-induced effects on 

attentional bias towards 

either negative or positive 

information, with 

Bayesian analyses 

suggesting more evidence 

in favour of the absence of 

such effects in the present 

study. However, though 

results should be treated as 

preliminary, we found 

some evidence that tDCS 

may enhance emotional 

regulation that is aligned 

with intent, and may 

increase positive mood. 

These findings provide 

some support for effects of 

left frontal tDCS 

stimulation on emotional 

regulation and positive 

effects on overall mood. 

Wang, Y. et. al (2022)47 China double-blind, placebo-

controlled trial 

70 healthy female students  To investigate whether 

one single session of tDCS 

could reduce creativity 

Stai-T ; BDI-II; PANAS 

;Stai-S ; Trier Social 

Stress Test(TSST) 

Yes Yes Yes NI Yes Yes Results showed that 

R+L� stimulation 

facilitated the recovery of 
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impairments induced by 

acute stress, and whether 

the effect of tDCS on 

creativity performance is 

partially mediated by the 

recovery of the stress 

response. 

anxious state compared to 

sham stimulation. We also 

found that the decreased 

value of AUT scores after 

stress in the R+L� group 

was significantly lower 

than that in the sham 

group. Moreover, further 

analysis revealed state 

anxiety mediated the effect 

of tDCS on the flexibility 

component of the AUT. 

We concluded that 

bilateral tDCS over the 

DLPFC is efficient in 

alleviating stress-induced 

creativity impairment, 

which may correlate with 

greater recovery of state 

anxiety. Our findings 

provide causal evidence 

for the neurophysiological 

mechanisms by which 

stress affects creativity, as 

well as clinical 

suggestions for stress-

related psychiatric 

disorders prevention and 

intervention. 

Author (year) Country  Method Sample Aims Instruments HRV EEG Initial interleukin-6 final Interleukin-6 Cortisol Decrease in anxiety Conclusion 

Loreti, E. H. et al. 

(2023)48 

Brazil randomized clinical trial 35 women with FM To analyze the effects of 

ten sessions of active 

transcranial direct current 

stimulation transcranial 

direct current stimulation 

(tDCS) (2 mA) with 

13:20:13 stimulation at 

M1 in women with 

fibromyalgia (FM).  

Fibromyalgia Impact 

Questionnaire, Hamilton 

Anxiety Rating Scale, 

Hamilton Depression 

Rating Scale, World 

Health Organization's 

Quality of Life 

Questionnaire, and Fatigue 

Assessment Scale 

No No No No No No The active tDCS group 

showed improvement in 

pain after ten sessions (p < 

0.001), after 30 days (p < 

0.01), and after 90 days (p 

< 0.001) compared with 

sham tDCS. In addition, 

improvement in quality of 

life (QoL) and fatigue was 

observed in the active 

tDCS group. The results of 

this study suggest that 

active tDCS with an 

intensity of 2 mA for ten 

sessions was effective in 

decreasing pain and 

fatigue and improving 

QoL in patients with FM. 

Brooks, H. et al. (2021)49 Canada/ United States Of 

America 

double-blind, placebo-

controlled trial 

36 individuals with 

subjective cognitive 

complaints and symptoms 

of depression and/or 

anxiety were randomized 

to active (n = 12) or sham 

tDCS (n = 14).  

To assess the feasibility of 

combining Mindfulness-

Based Stress Reduction 

(MBSR) with transcranial 

direct current stimulation 

(tDCS) to increase 

putative benefits of MBSR 

for cognitive function and 

everyday mindfulness in 

depressed or anxious older 

adults with subjective 

cognitive decline. 

Fluid Cognition 

Composite do National 

Institutes of Health (NIH) 

Toolbox Cognition 

Battery, The Cognitive 

Affective Mindfulness 

Scale (CAMS-R) e the 8-

item short form v2.9 

PROMIS Scale for 

Satisfaction with Social 

Roles and Activities and 

the 8-item short form v2.0 

PROMIS Ability to 

Participate in Social Roles 

and Activities 

NI NI NI NI NI Yes Our findings suggest that 

it is feasible and safe to 

combine tDCS with 

MBSR in older depressed 

and anxious adults, 

including during remote, 

at-home use. Furthermore, 

tDCS may enhance MBSR 

via transferring its 

meditative learning and 

practice into increases in 

everyday mindfulness. 

Future studies need to 

improve adherence to 

MBSR with tDCS. 

Quinn, D. K. et al. 

(2020)50 

United States Of America double-blind, placebo-

controlled trial 

24 subjects with chronic 

mild-moderate TB 

To identify whether 

anodal tDCS applied to the 

left dorsolateral prefrontal 

cortex paired with a 

cognitive training protocol 

in mild traumatic brain 

injury (mTBI) patients 

results in changes in 

cerebral blood flow (CBF) 

on pCASL sequences. 

The Neurobehavioral 

Symptom Inventory (NSI); 

the Hamilton Depression 

Rating Scale (HAM-D); 

the Beck Depression 

Inventory-II (BDI); the 

Posttraumatic Stress 

Disorder Checklist-

Civilian version (PCL-C); 

the Patient-Reported 

Outcomes Measurement 

Information System-29 

(PROMIS); the Glasgow 

Outcome Scale-Extended 

(GOS-E); the Frontal 

Systems Behavior Scale 

(FrSBe); Wechsler Adult 

Intelligence Scale-Fourth 

Edition (WAIS-IV): Digit 

Span and Coding subtests; 

the Test of Premorbid 

Functioning (TOPF); the 

Hopkins Verbal Learning 

Test-Revised (HVLT-R) 

(54); and Test of Memory 

Malingering (TOMM) 

(55). 

NI NI NI NI NI yes The current study suggests 

a complex picture between 

mmTBI, cerebral 

perfusion, and recovery. 

Changes in CBF may 

result from physiologic 

effect of the intervention, 

compensatory neural 

mechanisms, or 

confounding factors. 

Limitations include a 

small sample size and 

heterogenous injury 

sample, but these findings 

suggest promising 

directions for future 

studies of cognitive 

training paradigms in 

mmTBI. 

Suen, P. J. C. et al. 

(2021)51 

Brazil double-blind, placebo-

controlled trial 

16 patients who were 

diagnosed with major 

depressive disorder during 

an acute depressive 

episode per DSM-5 

criteria  

To investigate whether 

electric field (EF) strength 

is correlated with 

behavioral changes in 

depressed patients using 

simulated electric fields in 

Magnetic resonance 

imaging, HDRS - 

Hamilton depression 

rating scale, STAI state–

trait anxiety inventory, 

No No No No No No We found no correlation 

between trait or state 

anxiety and EF strength 

over the DLPFC and ACC. 

Although some studies 

suggested that tDCS can 
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real patient data from a 

controlled clinical trial. 

Positive and Negative 

Affect Scale (PANAS) 

downregulate anxiety, 

negative findings have 

been also reported. For 

instance, recent trials 

showed modest or null 

effects of prefrontal tDCS 

in ameliorating anxiety 

symptoms. In this context, 

other tDCS protocols that 

could be more effective in 

improving anxiety 

symptoms should be 

investigated. In addition, 

tDCS effects on anxiety 

might be more effective 

when down-regulating 

stress-induced tasks. 

Nasiri, F. et al. (2020)52 Iran double-blind, placebo-

controlled trial 

43 (32 female) individuals 

diagnosed with GAD and 

comorbid depression  

To compare the unified 

protocol for 

transdiagnostic treatment 

of emotional disorders 

(UP) with and without 

transcranial direct current 

stimulation (tDCS) for the 

treatment of emotion 

regulation and executive 

control dysfunction in 

individuals diagnosed with 

generalized anxiety 

disorder (GAD) and 

comorbid major 

depressive disorder 

(MDD). 

Anxiety disorders 

interview schedule for 

DSM-IV (ADIS-IV), 

Anxiety sensitivity index 

(ASI), Beck Depression 

Inventory (BDI), Beck 

Anxiety Inventory (BAI), 

Generalized anxiety 

disorder questionnaire-IV 

(GAD-Q-IV), Intolerance 

of uncertainty scale, Penn 

state worry questionnaire 

(PSWQ). 

No No No No No Yes In the current study, 

combined UP+tDCS 

resulted in significantly 

greater reductions in 

anxiety, anxiety 

sensitivity, and worry 

relative to UP alone both 

post-treatment and at a 

three-month follow-up. 

Thus, a combined 

UP+tDCS approach may 

result in better and longer 

treatment improvement in 

treatment-resistant GAD 

patients with comorbid 

depression. 

Dechantsreiter, E. et al. 

(2023)53 

Israel/ Latvia/ Germany  two-arm, double-blind, 

randomized and placebo-

controlled multi-center 

trial  

14 patients with a primary 

diagnosis of MDD 

To examine the synergistic 

effects of a self-

administered home-

treatment, encompassing 

transcranial direct current 

stimulation (tDCS) along 

with a video game based 

training of attentional 

control. 

Hamilton Depression 

Rating Scale (HAM-D), 

Mini-International 

Neuropsychiatric 

Interview (M.I.N.I.), 

Montgomery and Åsberg 

Depression Rating Scale 

(MADRS), Beck 

Depression Inventory 

(BDI), Patient Health 

Questionnaire (PHQ-9), 

Generalized Anxiety 

Disorder 7-item (GAD-7), 

Rumination Response 

Scale, Clinical Global 

Impression-Severity, 

Clinical Global 

Impression-Improvement, 

WHO-5 well-being index, 

Global Assessment of 

Functioning Scale, 

Adaptive Cognitive 

Evaluation (ACE) battery. 

No No No No No NI Refers to anxiety scales, 

but shows no results 

Mariano, T. Y. et al. 

(2019)54 

United States Of America double-blind, placebo-

controlled trial 

30 (23 male; 7 female) 

patients with chronic low 

back pain 

To test whether 10 daily 

tDCS sessions aimed to 

inhibit the left dorsal 

anterior cingulate cortex 

(dACC), a region strongly 

implicated in the affective 

component of pain, would 

produce selective 

reduction in pain-related 

symptoms. 

11 point DVPRS, West 

Haven-Yale 

Multidimensional Pain 

Inventory (WHY-MPI-C), 

Roland Morris Disability 

Questionnaire (RMDQ) , 

Chronic Pain Acceptance 

Questionnaire (CPAQ-8), 

Sintomas de Ansiedade da 

Dor (PASS-20) , Patient 

Health Questionnaire 

(PHQ-9), Generalized 

Anxiety Disorder scale 

(GAD-7), 

Credibility/Expectancy 

Questionnaire (CEQ) and 

Client Satisfaction 

Questionnaire-8 (CSQ-8) 

NI NI NI NI NI yes To our knowledge, this is 

the first double-blinded 

RCT of multiple tDCS 

sessions targeting the left 

dACC to modulate 

CLBP’s affective 

symptoms. Results are 

encouraging, including 

several possible tDCS-

associated improvements. 

Better-powered RCTs are 

needed to confirm these 

effects. Future studies 

should also consider 

different stimulation 

schedules, additional 

cortical targets, high-

density multi-electrode 

tDCS arrays, and 

multimodal approaches. 

Liu, Y. et al. (2023)55 China double-blind, placebo-

controlled trial 

40 students from 

Southwest University who 

were about to take the 

postgraduate entrance 

examination in China (20 

males;20 females)  

To investigate the effects 

of repeated DLPFC tDCS 

on attentional control in 

chronically stressed 

individuals.  

Student Life Stress 

Inventory (SLSI), State-

Trait Anxiety Inventory 

(STAI), Beck Depression 

Inventory (BDI), Positive 

and Negative Affect 

Schedule, Perceived stress 

scale (PSS), Positive and 

Negative Affect Schedule 

(PANAS) 

No Yes No No No yes All in all, our study 

exhibited supporting 

evidence for potential 

benefits of anodal tDCS 

for attention control in 

chronically stressed 

individuals. Specifically, 

the anodal tDCS targeting 

the left DLPFC brain 

region modulated 

participants’ moods, as 

shown by the reductions in 

perceived stress, state 

anxiety, and trait anxiety. 

In addition, the reduction 

in reaction time indicated 

an enhanced attentional 

control, which is also 

supported by the decrease 

in the N2 amplitudes and 
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The PRISMA flow diagrams depict the screening and article selection process 

(Fig. 1). Studies originated from Iran (n=9), Brazil (n=7), The United States Of 

America (n=7), Australia (n=3), China (n=2), India (n=2), and Australia (n=1), 

Belgium (n=1), Canada (n=1), Italy (n=1), Germany (n=1), Israel (n=1), Japan (n=1), 

Latvia (n=1), Netherlands (n=1), Turkey (n=1), and United Kingdom (n=1). 

 

According to the Jadad scale, 34 RCTs included (77,1%) were high-quality 

studies. Table 2 shows the score of each subitem of the Jadad scale for the RCTs 

included. 
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Table 2: Jadad Scale 

  Author (year) randomization 
blinding 

Withdrawals and 
dropouts 

    

    
Was the study 
described as 
randomized? 

Was the method of 
randomization 
appropriate? 

Was the study 
described as 
blinding? a 

Was the method of 
blinding appropriate? 

Was there a description 
of withdrawals and 

dropouts? 
Total Score Decrease in anxiety 

22 Dutra, L. R. D. V. et al.  (2020) 1 1 1 1 1 5 Yes 

23 Garcia, S. et al. (2020) 1 1 1 1 1 5 No 

24 Gibson, B. C. et al. (2021) 1 1 1 1 1 5 y 

25  Clarke, P. J. F. et al. (2020) 0 0 1 1 1 3 No 

26  Cobb, A. R. et al. (2021) 1 1 1 1 1 5 y 

27 Ney, L. J. et al. (2021) 1 1 0,5 0 1 3,5 y 

28 Movahed, F. S. et al. (2018) 1 1 0,5 0 0 2,5 Yes 

29 Ahmadizadeh, M. J. et al. (2019) 1 1 1 1 1 5 Yes 

30 Azmoodeh, S. et al. (2021) 1 1 0 0 1 3 y 

31  Bornheim, E. et al. (2020) 1 1 1 1 1 5 Yes 

32 De Doncker, W.et al. (2021) 1 1 1 1 1 5 unclear 

33 de Lima, A. L. et al. (2019) 1 1 1 1 1 5 No 

34 Jafari, E. et al. (2021) 1 1 1 0 1 4 Yes 

35 Kumari, B. et al. (2023) 1 1 0,5 1 1 4,5 Yes 

36 Marcolin, K. A. S. et al. (2020) 1 0 1 0 1 3 Yes 

37 McAleer, J. et al. (2023)  1 1 1 0 0 3 Not infomed 

38  Naeim, M.et al. (2021) 1 0 0 0 0 1 Not infomed 

39 Nejati, V. et al. (2021) 1 1 0,5 1 1 4,5 uncler 

40  Nikakhlagh, S. et al. (2023) 1 1 1 0 0 3 Yes 

41  Nishida, K. et al. (2021) 1 0 1 0 1 3 y 

42 Paula, T. M. H. et al. (2023) 1 1 1 1 1 5 Yes 

43 Pinto, A. C. P. N. et al. (2021) 1 1 1 1 1 5 Not infomed 

44 Singh, S. et al. (2021) Pilot study 0 0 0 0 0 y 
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45  Smits, F. M. et al. (2021) 1 1 1 1 1 5 no 

46 Szeremeta, E. M. et al. (2023) 1 1 1 1 0 4 Yes 

47 Wang, Y. et. al (2022) 1 1 1 1 0 4 Yes 

48 Loreti, E. H. et al. (2023) 1 1 1 1 1 5 Not infomed 

49 Brooks, H. et al. (2021) 1 1 1 1 1 5 y 

50 Quinn, D. K. et al. (2020) 1 1 1 1 1 5 Yes 

51  Suen, P. J. C. et al. (2020) 1 1 1 1 1 5 no 

52 Nasiri, F. et al. (2020) 1 1 1 1 0 4 Yes 

53 Dechantsreiter, E. et al. (2023) 1 1 1 1 0 4 No 

54 Mariano, T. Y. et al. (2019) 1 1 1 0 1 4 No 

55  Liu, Y. et al. (2023) 1 1 0 0 0 2 Yes 
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Discussion 

This systematic literature review synthesized studies that evaluated markers 

of anxiety in adults who used tDCS. To our knowledge, this is the first systematic 

review that analyzes neurobiological, physiological, and psychological markers in 

tDCS intervention for anxiety together. The sample characterization of each study 

included in this review has been summarized in detail in Table 1. 

Based on the Jadad Scale (table 2), studies with scores greater than 3, only 

1, despite being classified, did not mention whether randomization occurred. The 

study also reported no change in anxiety.  

Among the four studies that scored 0.5, it was because they were single-blind 

studies; only one did not score above 327. The main issue with single-blind studies 

is the potential for assessment bias by the researchers, which can influence the 

study outcomes. This occurs because researchers may inadvertently influence 

participant responses or interpret results in a biased manner due to their knowledge 

of the treatment group to which participants were assigned. Therefore, double-blind 

studies (where participants and researchers are unaware of the treatment allocation) 

are more robust as they help minimize assessment bias. Out of all the studies with 

a score greater than 3, only one did not mention whether randomization occurred 

despite being classified. Additionally, a study was reported that showed no change 

in anxiety. However, this result can be questioned since it needed to follow essential 

steps. 

Of the four studies that scored 0.5, because they were single-blind, only one28 

did not obtain a score above 3. The main issue with single-blind studies is the 

potential for researchers to assess bias, which can influence the study outcomes. 

This occurs because researchers may inadvertently influence participant responses 

or interpret results in a biased manner due to their knowledge of the treatment group 

to which participants were assigned. Therefore, double-blind studies (where 

participants and researchers are unaware of the treatment allocation) are more 

robust as they help minimize assessment bias. 

Three studies were considered low‐quality (scores ≤ 3.0). One study 

described a fitting randomization process, with an investigator informed about 

participant randomization and responsible for configuring the stimulator based on 
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the prescribed protocols for the sham and anodal-tDCS groups. This points towards 

a controlled and systematic randomization approach, ensuring an unbiased 

distribution of participants across the different stimulation groups. However, in Liu's 

study55, the issue of blinding was not explicitly addressed. Although the investigator 

setting up the stimulator was aware of participant randomization, there was no 

explicit mention of blinding for participants or data collectors. 

Consequently, the study's blinding status remains unclear, lacking information 

to determine whether blinding measures were implemented definitively. 

In the second study, a pilot study based on the provided paper, there needs 

to be a specific mention of the appropriateness of randomization and blinding. 

Without detailed information on how randomization and blinding were implemented 

in the specific study described in the text, it is difficult to make a direct reference to 

the appropriateness of these methods, and the third study excluded, the article does 

not provide detailed information on the randomization process and does not explicitly 

mention whether blinding (also known as masking) was used in the study. 

As known, randomization is a crucial step in clinical trials to ensure that 

participants are assigned to treatment groups in an unbiased manner. Appropriate 

randomization methods include computer-generated randomization, block 

randomization, and stratified randomization. Moreover, is also essential to know who 

was blinded (e.g., participants, researchers, outcome assessors) and how the 

blinding was carried out. With specific information, it is easier to determine what 

measures were implemented. 

Regarding the reported outcomes, tree studies did not specify whether there 

was a change in anxiety37,52,53, two concluded as unclear24,65, ten articles reported 

no differences in anxiety symptoms 23,25,27,28,33,35,43,45,48,51, and nineteen articles 

showed a decrease in signs of anxiety 22,26,29–31,36,38,40,42,44–47,49,50,52,54,55. 

Out of the 34 studies analyzed, 24 showed that a sample of 1633 individuals 

had a session intervention time of 20 minutes. However, there is no consensus on 

the number of sessions 22,23,25,26,28–46. The others were distributed between 10 

minutes27, 21 minutes47, 26 minutes48, and 30 minutes24,49–51. Therefore, it is difficult 

to determine the correct number of sessions for the correct treatment protocol and 

frequency. 



Trends Psychiatry Psychother - Journal Article Pre-Proof (as accepted) Page 3 of 136 

 

 

Trends Psychiatry Psychother - Pre-Proof - http://doi.org/10.47626/2237-6089-2024-0950 

 
 

It was observed that a small number of these studies had the main objective 

of evaluating anxiety markers in a population with anxiety disorders28,33,39,52. Most 

studies analyzed anxiety as comorbidity, and other comorbidities such as 

depression35,51,53, pain54 or fibromyalgia48,42,54, dysmenorrhea22, Sjögren's 

Syndrome43, tinnitus symptoms40, psychopathologies37, stroke31, epilepsy30, mild 

traumatic brain injury50, methadone users38. 

There was also an analysis of anxiety markers in executive and cognitive 

functions23,24,27,50,53 , situations of fatigue32, stress 45,47 and PTSD29,36,45 , 

emotions25,34,46 or phobias26 , as well as the effects of mindfulness41,49. 

There was no uniformity in the use of scales to assess anxiety. The main tools 

for measuring outcomes were the State-Trait Anxiety Inventory (STAI) in eight 

studies, the Negative Affect Scale (PANAS) in six studies, the Beck Anxiety 

Inventory (BAI) in five studies, the Hamilton Anxiety Rating Scale (HAM-A) in five 

studies, Anxiety and Stress Scales (DASS-21) in four studies, and Anxiety and 

Stress Scales (DASS-21) in four studies and Positive and. 

Previous studies have explored the use of HRV as a biomarker of depression 

and anxiety in patients was lower than that of healthy controls56–58 and some 

standard waves in electroencephalography (EEG) are localized in some brain areas.  

However, in this review, only two studies were included to analyze HRV37,46. 

Although HRV has been examined in the context of anxious symptomatology 

and attentional bias, some research has found that tDCS targeting prefrontal areas 

can affect HRV. However, no such effects were found in Szeremeta's study46. 

Inspection of the HRV data revealed significant noise, which may have contributed 

to the lack of results. In the McAleer study37,  participants receiving tDCS displayed 

few significant changes in HF-HRV and no significant changes in RMSSD-HRV.  

Studies refer to the identification of signs of depression and anxiety through 

EEG59,60. Two studies used EEG as a marker55,61 .  One study55 shows that anodal 

tDCS stimulation enhances cognitive processing efficiency, selective attention, and 

possible improvement in response capability. The study also revealed a correlation 

between variations in P3 component amplitudes in EEG were negatively associated 

with scores on the Perceived Stress Scale (PSS), suggesting that improvements in 

stress were linked to a more efficient allocation of attention resources, as reflected 
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by the negative changes in P3 component amplitudes. In another study41 , the 

association between anxiety and neurophysiological was examined, and a 

correlation was observed between the ratios of change in STAI scores. These results 

suggest a complex relationship between anxiety and neurophysiological activity 

measured by EEG. 

As known, individuals suffering from anxiety disorders can exhibit elevated 

circulating levels of inflammatory markers, such as cortisol62,63 and Interleukin-

663,64. In this review, one study has referred to IL-6(IL-6) studies 47, and two studies 

linked cortisol to anxiety43,47.  

 

Conclusions 

The international scientific community acknowledges the importance of 

generating high-quality evidence on clinical neuromodulation techniques, including 

transcranial Direct Current Stimulation (tDCS). In this systematic review, our main 

findings suggest that while some studies point to a potential positive effect of tDCS 

in reducing anxiety in adults and improving conditions such as subjective pain, 

depression, cognitive processes, and Post-Traumatic Stress Disorder (PTSD), this 

potential is currently limited by the quality and heterogeneity of the available 

evidence. 

Despite promising results in some studies, the presence of bias and 

methodological concerns in other works underscore the urgent need for more 

specific and standardized investigations. The lack of uniformity in intervention 

parameters (such as the number and duration of sessions) and the scarcity of robust 

sample sizes hinder the consolidation of clear evidence regarding the effects of 

tDCS. This is particularly evident in the relationship between neurobiological markers 

like cortisol and Interleukin-6 and anxiety reduction through tDCS. 

Markers such as Electroencephalography (EEG) and Heart Rate Variability 

(HRV) are believed to be applicable as anxiety markers. However, our review 

highlights the need for further studies to consistently establish the relationship 

between these markers and the use of tDCS in anxiety interventions. 
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Therefore, developing a specific and standardized protocol for tDCS 

intervention would be highly beneficial, ensuring uniformity in all evaluation and 

comparison parameters. This, in turn, would lead to more robust and conclusive 

results.  

The existing evidence is not sufficient to indicate the efficacy of tDCS in 

medium to long-term follow-up, and future research is crucial to alter this situation. 

Consequently, customization of the research model for anxiety investigations is a 

possibility to be explored. We hope these results provide valuable information for 

clinicians and contribute to thoughtful reflections for establishing a protocol of 

parameters for comparison. 

As suggested by Valiengo and colleagues66, more studies are needed to 

show evidence of the benefits of tDCS in GAD patients. 

 

Limitations 

The findings from this research should be interpreted considering its 

limitations. We did not search for unpublished manuscripts and/or grey literature, 

which may increase publication bias in our review. 

Several limitations are acknowledged in the present review. First, the level of 

heterogeneity was high; this was attributed to the use of different adjustment factors 

across the studies, such as a varying study methodology, sample sizes, and 

markers.  

 

Future directions 

The results obtained in this synthesis highlight the need for methodologically 

more robust studies to identify biological, physiological, cognitive, and psychological 

measurement methods in interventions with tDCS. 

This review confirmed the idea of carrying out a project including several 

measurement measures in the same study. That reinforces the study being carried 

out with a group of researchers, where the authors are included. 
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Appendix B. Supplementary material- PRISMA 2020 Checklist 

Section 

and Topic 

It

e

m 

# 

Checklist item 
Location 

where 

item 

is 
reported 

TITLE  

Title 1 Identify the report as a systematic review. 1 

ABSTRACT  

Abstract 2 See the PRISMA 2020 for Abstracts checklist. 1-2 

INTRODUCTION  

Rationale 3 Describe the rationale for the review in the context of existing knowledge. 1 

Objectives 4 Provide an explicit statement of the objective(s) or question(s) the review addresses. 1 

METHODS  

Eligibility criteria 5 Specify the inclusion and exclusion criteria for the review and how studies were 

grouped for the syntheses. 

3 

Informatio

n sources 

6 Specify all databases, registers, websites, organizations, reference lists and other 

sources searched or consulted to identify studies. Specify the date when each 

source was last searched or consulted. 

2 

Search strategy 7 Present the full search strategies for all databases, registers, and websites, including 

any filters and limits used. 

2 

Selection 

process 

8 Specify the methods used to decide whether a study met the inclusion criteria of the 

review, including how many reviewers screened each record and each report 

retrieved, whether they worked independently, and if applicable, details of 

automation tools used in the process. 

2-3 

Data 

collection 

process 

9 Specify the methods used to collect data from reports, including how many reviewers 

collected data from each report, whether they worked independently, any processes 

for obtaining or confirming data from study investigators, and if applicable, details of 

automation tools used in the process. 

3 

Data items 10

a 

List and define all outcomes for which data were sought. Specify whether all results 

that were compatible with each outcome domain in each study were sought (e.g. 

for all measures, time points, analyses), and if not, the methods used to decide 

which results to collect. 

4 

10

b 

List and define all other variables for which data were sought (e.g. participant and 

intervention characteristics, funding sources). Describe any assumptions made 

about any missing or unclear information. 

Appendix A 

Study risk of bias 

assessment 

11 Specify the methods used to assess risk of bias in the included studies, including 

details of the tool(s) used, how many reviewers assessed each study and whether 

they worked independently, and if applicable, details of automation tools used in the 

process. 

4 

Effect measures 12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) 

used in the synthesis or presentation of results. 

4-6 



PRISMA 2020 Checklist 

 

Trends Psychiatry Psychother - Pre-Proof - http://doi.org/10.47626/2237-6089-2024-0950 

 
 

    

Synthesis 

methods 

13

a 

Describe the processes used to decide which studies were eligible for each synthesis (e.g. 

tabulating the study intervention characteristics and comparing against the planned groups 

for each synthesis (item #5)). 

4 

13

b 

Describe any methods required to prepare the data for presentation or synthesis, such as 

handling of missing summary statistics, or data conversions. 

 

13

c 

Describe any methods used to tabulate or visually display results of individual studies and 

syntheses. 

4 ; Appendix 

A 

13

d 

Describe any methods used to synthesize results and provide a rationale for the 

choice(s). If meta-analysis was performed, describe the model(s), method(s) to 

identify the presence and extent of statistical heterogeneity, and software 

package(s) used. 

4 

13

e 

Describe any methods used to explore possible causes of heterogeneity among 

study results (e.g. subgroup analysis, meta-regression). 

3-4 

13f Describe any sensitivity analyses conducted to assess robustness of the 

synthesized results. 

3-4 

Reporting 

bias 

assessment 

14 Describe any methods used to assess risk of bias due to missing results in a 

synthesis (arising from reporting biases). 

3-4 

Certainty 

assessme

nt 

15 Describe any methods used to assess certainty (or confidence) in the body of 

evidence for an outcome. 

2-4 
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and 

Topic 

It

e
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# 

Checklist item 
Location 

where 

item 

is 
reported 

RESULTS  

Study selection 16

a 

Describe the results of the search and selection process, from the number of records 

identified in the search to the number of studies included in the review, ideally using 

a flow diagram. 

4-5 

16

b 

Cite studies that might appear to meet the inclusion criteria, but which were 

excluded, and explain why they were excluded. 

4-5 

Study 

characteristics 

1

7 

Cite each included study and present its characteristics. 4-5 

Risk of bias in 

studies 

1

8 

Present assessments of risk of bias for each included study. 5 

Results of 

individual 

studies 

19 For all outcomes, present, for each study: (a) summary statistics for each group (where 

appropriate) and (b) an effect estimate and its precision (e.g. confidence/credible interval), 

ideally using structured tables or plots. 

 

Results 

of 

synthese

s 

20

a 

For each synthesis, briefly summarise the characteristics and risk of bias among 

contributing studies. 

 

20

b 

Present results of all statistical syntheses conducted. If meta-analysis was done, 

present for each the summary estimate and its precision (e.g. confidence/credible 

interval) and measures of statistical heterogeneity. If comparing groups, describe the 

direction of the effect. 

 

20

c 

Present results of all investigations of possible causes of heterogeneity among study 

results. 
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20

d 

Present results of all sensitivity analyses conducted to assess the robustness of the 

synthesized results. 

 

Reporting 

biases 

2

1 

Present assessments of risk of bias due to missing results (arising from reporting 

biases) for each synthesis assessed. 

5 

Certaint

y of 

evidenc

e 

2

2 

Present assessments of certainty (or confidence) in the body of evidence for each 

outcome assessed. 

4-5 

DISCUSSION  

Discussion 23

a 

Provide a general interpretation of the results in the context of other evidence. 6 

23

b 

Discuss any limitations of the evidence included in the review. 6-7 

23

c 

Discuss any limitations of the review processes used. 7 

23

d 

Discuss implications of the results for practice, policy, and future research. 6 

OTHER INFORMATION  

Registration 

and protocol 

24

a 

Provide registration information for the review, including register name and 

registration number, or state that the review was not registered. 

2 

24

b 

Indicate where the review protocol can be accessed, or state that a protocol was not 

prepared. 

2 

24

c 

Describe and explain any amendments to information provided at registration or in 

the protocol. 

2 

Support 2

5 

Describe sources of financial or non-financial support for the review, and the role of 

the funders or sponsors in the review. 

8 
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Competin

g 

interests 

2

6 

Declare any competing interests of review authors. 8 

Availability of 

data, code 

and other 

materials 

2

7 

Report which of the following are publicly available and where they can be found: 

template data collection forms; data extracted from included studies; data used for all 

analyses; analytic code; any other materials used in the review. 

8 

 

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 

2021;372:n71. doi: 10.1136/bmj.n71 
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recru
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test 

wheth

er 

excita

tory 

tDCS 

of left 

mPFC 

and 

inhibi

tory 

tDCS 

of 

right 

dlPFC 

accele

rates 

respo

nding 

49 

healt

hy 

parti

cipan

ts 

with  

mark

ed 

fear 

of 

snak

es, 

spide

rs, 

and/o

r 

conta

mina

tion-

relate

d 

mean 

age=21.

41, 

SD=7.1

2 

1 20 1 

foc.us, 

Model 

V2 

DMQ 

= 

Demog

raphics 

and 

Medica

l 

Questio

nnaire; 

MINI-

5= 

Mini 

Internat

ional 

Neurop

sychiat

ric 

Intervie

w, 

Versio

n 5; 

ADIS-

5 = 

N

I 

N

I 
NI NI NI Yes 

This 

invest

igatio

n 

provi

des 

novel 

preli

minar

y 

suppo

rt for 

the 

use of 

tDCS 

to 

enhan

ce in 

vivo 

expos

ure. 

Along 

with 
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and 

impro

ves 

outco

mes 

from 

a 

single 

sessio

n of 

in 

vivo 

expos

ure in 

a 

transd

iagno

stic 

sampl

e with 

marke

d 

arach

nopho

bic, 

ophid

ophob

ic, 

and 

conta

minati

threa

ts 

Anxiet

y and 

Related 

Disord

ers 

Intervie

w 

Schedu

le for 

DSM-5 

Disord

ers; C-

SSRS 

= 

Colum

bia 

Suicide 

Severit

y 

Rating 

Scale; 

CLQ = 

Claustr

ophobi

a 

Questio

nnaire; 

FSQ = 

Fear of 

Snakes 

and 

other 

emerg

ing 

neuro

modul

ation 

appro

aches 

to 

enhan

ce 

extinc

tion 

learni

ng, 

the 

prese

nt 

result

s are 

encou

raging

. The 

most 

remar

kable 

patter

n 

across 

study 

findin



PRISMA 2020 Checklist 

 

Trends Psychiatry Psychother - Pre-Proof - http://doi.org/10.47626/2237-6089-2024-0950 

 
 

on-

relate

d fear. 

Also, 

to test 

the 

predic

tion 

that 

the 

effect

s of 

facilit

ating 

therap

eutic 

learni

ng 

shoul

d 

depen

d on 

qualiti

es of 

that 

learni

ng, in 

terms 

of 

emoti

onal, 

Spiders 

; 

Questio

nnaire; 

OCI-R 

= ;     

experie

ntial 

avoida

nce 

(EA; 

BEAQ)

, 

general 

anxiety 

(BAI), 

and 

depress

ion 

(BDI-

II). 

gs 

sugge

sts 

tDCS 

may 

prom

ote 

good 

clinic

al 

outco

mes 

despit

e the 

prese

nce of 

severa

l 

negati

ve 

progn

ostic 

indica

tors. 

In 

sum, 

active 

tDCS 

was 

found 

to 
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cognit

ive, 

and 

behav

ioral 

reacti

ons to 

feared 

target

s and 

to test 

wheth

er 

severa

l 

negati

ve 

progn

ostic 

indica

tors 

moder

ate 

tDCS 

augm

entati

on 

effect

s. 

especi

ally 

benefi

t 

indivi

duals 

with 

more 

severe 

phobi

c 

sympt

oms 

and 

elevat

ed 

fearfu

l 

reacti

vity to 

anxiet

y, as 

well 

as 

indivi

duals 

who 

exhibi

ted 

persis

tent 
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emoti

onal 

distre

ss and 

threat

-

relate

d 

belief

s 

about 

feared 

target

s at 

the 

last 

expos

ure 

trial. 

These 

result

s 

shoul

d be 

interp

reted 

cautio

usly 

due to 

the 

preli
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minar

y 

nature 

of this 

invest

igatio

n. 

Howe

ver, 

replic

ation 

with 

larger 

and 

more 

severe 

clinic

al 

sampl

es, 

and 

parall

el 

effort

s to 

optim

ize 

dosin

g 

param

eters 
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appea

r 

warra

nted. 

tDCS 

and 

other 

neuro

modul

ation 

techn

ologie

s have 

clear 

therap

eutic 

potent

ial for 

patien

ts 

who 

are 

other

wise 

refrac

tory 

to 

standa

rd 

expos

ure-



PRISMA 2020 Checklist 

 

Trends Psychiatry Psychother - Pre-Proof - http://doi.org/10.47626/2237-6089-2024-0950 

 
 

based 

interv

ention

s. 

Ney, 

L. J. 

et al. 

(202

1)27 

Aust

ralia 

and 

Italy 

 

singl

e-

blind

ed 

NI 

To 

invest

igate 

wheth

er 

tDCS 

imme

diatel

y 

follo

wing 

extinc

tion 

learni

ng 

impro

ves 

effica

cy of 

extinc

tion 

memo

30 

healt

hy 

parti

cipan

ts 

Active 

= 24,1 

(SD 

5.5); 

Sham= 

25,1 

(SD 

8.9) 

1 10 1 

DC-

Stimul

ator 

Plus, 

Neuro

Conn, 

Ilmen

au, 

Germ

any 

Depres

sion, 

Anxiet

y and 

Stress 

Scales 

(DASS

-21), 

Alcoho

l Use 

Disord

er 

Identifi

cation 

Test 

(AUDI

T), 

Skin 

Condut

ance 

Respon

N

o 

N

o 
No No 

N

o 
No 

Partic

ipants 

in the 

tDCS 

group 

showe

d 

impai

red 

fear 

extinc

tion 

retenti

on on 

day 2, 

marke

d by 

signifi

cant 

gener

alisati

on of 
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ry 

retenti

on. 

se 

(SCR) 

fear to 

the 

safety 

stimul

us. 

This 

contra

sts 

with 

earlier 

studie

s 

showi

ng 

impro

ved 

extinc

tion 

retenti

on 

when 

stimul

ation 

occurr

ed 

durin

g 

encod

ing of 

extinc

tion 
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learni

ng, 

comp

ared 

to 

imme

diate 

conso

lidatio

n as 

in our 

study. 

These 

findin

gs 

may 

have 

impor

tant 

implic

ations 

for 

the 

use of 

tDCS 

durin

g 

expos

ure 

therap

y for 
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anxiet

y and 

traum

a 

disord

ers. 

Mov

ahed

, F. 

S. et 

al. 

(201

8)28 

Iran 

singl

e-

blind

, 

place

bo-

contr

olled 

trial 

No 

To 

condu

ct an 

experi

menta

l 

desig

n 

using 

tDCS 

on 

reduct

ion of 

depre

ssive 

and 

anxiet

y 

sympt

oms, 

and 

worry 

in 

18 

Adul

ts 

with 

GAD  

!! 

(46% 

fema

le; 

64%

male

= 

+100

%) 

Mean = 

28,7 

(9,6) 

10 20 NI NI 

GAD-

7; 

Hamilt

on 

anxiety 

rating 

scale 

(HARS

); 

Hamilt

on 

depress

ion 

rating 

scale 

(HDRS

); Penn 

state 

worry 

questio

nnaire 

(PSWQ

) 

N

I 

N

I 
NI NI NI No 

The 

tDCS 

is a 

promi

sing 

treatm

ent 

for 

gener

alized 

anxiet

y 

disord

er, 

especi

ally in 

depre

ssive 

and 

worry 

sympt

oms. 
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patien

ts 

with 

gener

alized 

anxiet

y 

disord

er 

(GAD

). 

avaliaç

ão de 

depress

ão de 

Hamilt

on 

(HDRS

) 

Ahm

adiz

adeh

, M. 

J., 

Reza

ei, 

M., 

& 

Fitz

geral

d, P. 

B. 

(201

9)29 

Iran 

doub

le-

blind

, 

place

bo-

contr

olled 

trial 

NI 

To 

exami

ne the 

effica

cy of 

tDCS 

for 

PTSD 

and 

its 

sub-

sympt

oms. 

40 

Adul

ts 

with 

PTS

D 

(26 

fema

le; 

14 

male

s) 

Active 

= 

44,5(2.

34)  

Sham = 

43 

(2.42) 

10 20 7 

DC-

Stimul

ator-

Plus, 

Neuro

Conn 

Posttra

umatic 

stress 

disorde

r 

checkli

st for 

DSM-5 

(PCL-

5); 

Beck 

Depres

sion 

Invento

ry-II 

(BDI-

II); 

Beck 

Anxiet

y 

N

I 

N

I 
NI NI NI yes 

This 

study 

suppo

rted 

the 

effica

cy of 

10 

sessio

ns of 

bilater

al 

DLPF

C 

tCDS 

delive

red at 

2 mA 

for 

the 
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Invento

ry 

(BAI) 

treatm

ent of 

PTSD 

sympt

oms. 

Taken 

togeth

er, 

these 

findin

gs 

sugge

st that 

althou

gh 

tDCS 

can 

reduc

e 

PTSD 

sympt

oms, 

resear

chers 

shoul

d 

consi

der 

the 

differ

ent 
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types 

of 

PTSD 

and 

use 

strate

gies 

to 

ensur

e 

suffici

ent 

power 

to 

detect 

a 

potent

ial 

effect 

of 

tDCS 

on 

variou

s 

types 

of 

PTSD

. 
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Azm

oode

h, 

S., 

Sole

iman

i, E., 

& 

Issaz

adeg

an, 

A. 

(202

1)30 

Iran 

rand

omiz

ed 

clini

cal 

trial 

IRCT20190803044417N1 

To 

exami

ne the 

effect

s of 

transc

ranial 

direct 

curren

t 

stimul

ation 

(tDCS

) on 

the 

psych

ologic

al 

profil

e of 

patien

ts 

with 

epilep

sy. 

30 

pacie

ntes 

with 

epile

psy 

38.13±

9.14-

Interve

ntion        

34.73±

9.26 -

control 

10 20 

5 

aft

er 

3 

NI 
DASS-

21 

N

I 

N

I 
NI NI NI Yes 

 The 

result

s 

showe

d that 

tDCS 

could 

reduc

e 

depre

ssion, 

anxiet

y, and 

stress 

with 

the 

chang

es 

cause

d in 

the 

brain 

syste

m.  
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Born

heim

, E. 

et al. 

(202

0) 31 

Belg

ium 

doub

le-

blind

, 

place

bo-

contr

olled 

trial 

B707201629972 

To 

measu

re the 

effect

s of 

tDCS 

on 

functi

onal 

and 

sensor

y 

outco

mes 

throu

ghout 

the 

first 

year 

post 

onset 

of 

stroke

. 

50 

acute 

strok

e 

patie

nts 

aged 

betw

een 

18 

and 

80 

years 

old, 

prese

nting 

their 

first 

ever 

symp

toma

tic 

ische

mic 

strok

e 

confi

rmed 

by 

CT 

or 

Active 

= 62,48 

(±11,86

) 

Sham = 

63,48 

(±12,94

) 

20 20 5 

NE 

STAR

STIM 

tCS® 

Wolf 

Motor 

Functio

n Test, 

Semme

s 

Weinst

ein 

Monofi

lament 

Test, 

Upper 

Extrem

ity 

Section 

(UEFM

), 

Lower 

Extrem

ity 

section 

(LEFM

), 

Somato

sensory 

section 

do Fugl 

Meyer 

Test, 

Tardieu 

Spastic

N

I 

N

I 
NI NI NI yes 

tDCS 

seems 

to be 

an 

effecti

ve 

adjuv

ant to 

conve

ntiona

l 

rehabi

litatio

n 

techni

ques. 

If 

applie

d in 

the 

acute 

stages 

of 

stroke

, 

functi

onal 

recov

ery is 

not 

only 
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MRI 

were 

eligi

ble 

for 

the 

study  

(33 

fema

le; 

17 

male

) 

ity 

Scale, 

Stroke 

Impact 

Scale 

(SIS), 

Hospita

l 

Anxiet

y and 

Depres

sion 

Scale 

(HADS

) e 

Barthel 

Index. 

accele

rated, 

but 

impro

ved, 

and 

result

s are 

maint

ained 

up to 

one-

year 

post 

stroke 

De 

Don

cker, 

W., 

Ond

obak

a, S., 

& 

Kup

pus

wam

y, A. 

(202

1)32 

Unit

ed 

King

dom 

doub

le-

blind

, 

place

bo-

contr

olled 

trial 

NCT04634864 

 To 

assess 

wheth

er 

fatigu

e 

sympt

oms 

can 

be 

reduc

ed by 

increa

sing 

30 

Adul

ts - 

Post-

strok

e  

after 

3 

mont

hs 

56.95 

(13.17) 

Active 

 

59.83 

(11.66) 

- 

Control 

1 

20' 

1m

A0 

+ 

20' 

2m

A 

1 

DC-

Stimul

ator 

Plus, 

Neuro

Conn, 

Alema

nha 

FSS-7,  

VAS, 

EMG, 

The 

Hospita

l 

Anxiet

y and 

Depres

sion 

Scale 

N

I 

N

I 
NI NI NI 

Un

cle

ar 

A 

single 

sessio

n of 

anoda

l 

tDCS 

impro

ves 

fatigu

e 

sympt

oms 

with 

http://clinicaltrials.gov/show/NCT04634864
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cortic

al 

excita

bility 

using 

anoda

l 

transc

ranial 

direct 

curren

t 

stimul

ation 

(tDCS

). 

the 

effect 

lastin

g up 

to a 

week 

post 

stimul

ation. 

tDCS 

may 

theref

ore be 

a 

useful 

tool 

for 

mana

ging 

fatigu

e 

sympt

oms 

post-

stroke

. 
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de 

Lim

a, A. 

L. et 

al. 

(201

9)33 

Braz

il 

doub

le-

blind

, 

place

bo-

contr

olled 

trial 

RBR-5QJG9T 

 To 

evalu

ate 

the 

effect 

of 

anod

al 

tDCS 

over 

DLP

FC 

on 

anxie

ty 

and 

on 

the 

level 

of 

stress

, 

depre

ssion 

and 

positi

ve/ne

gative 

affect

ivity. 

30 

adult

s 

with 

GAD 

Active 

= 32,07 

(6,5) 

Sham = 

29 

(5,05) 

5 20 5 NI 

Hamilt

on 

Anxiet

y 

Rating 

Scale 

and the 

Beck 

Anxiet

y 

Invento

ry, the 

Lipp 

Invento

ry of 

Stress 

Sympto

ms for 

Adults, 

Positiv

e and 

Negati

ve 

Affect 

Schedu

le, and 

the 

Beck 

Depres

sion 

Invento

N

I 

N

I 
NI NI NI No 

Five 

sessio

ns of 

anoda

l 

tDCS 

along 

the 

DLPF

C did 

not 

impro

ve 

key 

outco

mes 

for 

patien

ts 

with 

GAD, 

althou

gh 

physi

cal 

stress 

sympt

oms 

impro

ved. 

The 
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ry 

(BDI). 

role 

of 

tDCS 

in 

GAD 

shoul

d be 

explor

ed in 

larger 

patien

t 

sampl

es 

using 

differ

ent 

param

eters. 

Jafar

i, E. 

et al. 

(202

1)34 

Iran 

doub

le-

blind

, 

place

bo-

contr

olled 

trial 

IRCT20181013041327N2  

 To 

deter

mine 

wheth

er 

modul

ation 

of the 

dorsol

ateral 

and 

media

45 

patie

nts 

with 

SAD 

18-50                          

mean 

age 

32,36 

+- 6,99                  

1ma = 

32.83(7

,46) 

2ma = 

33.66(6

.19) 

sham = 

14 20 7 
Neuro

Stim 

Liebow

itz 

Social 

Anxiet

y Scale 

(LSAS)

, Penn 

State 

Worry 

Questio

nnaire 

(PSWQ

N

I 

N

I 
NI NI NI Yes 

Modu

lation 

of 

lateral

-

media

l PFC 

activit

y with 

intens

ified 

stimul

https://en.irct.ir/trial/44041
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l PFC 

activit

y with 

a 

novel 

intens

ified 

stimul

ation 

protoc

ol 

reduc

es 

SAD 

core 

sympt

oms, 

impro

ves 

treatm

ent-

relate

d 

variab

les, 

and 

reduc

es 

attenti

on 

bias 

30.58(7

.46) 

), 

 Beck 

Depres

sion 

Invento

ry-II 

(BDI-

II), 

Difficu

lties in 

Emotio

n 

Regulat

ion 

Scale 

(DERS

) , 

WHOQ

UL 

questio

nnaire, 

paradig

ma dot-

probe 

ation 

can 

impro

ve 

cognit

ive 

contro

l, 

motiv

ation 

and 

emoti

on 

netwo

rks in 

SAD 

and 

might 

thereb

y 

result 

in 

therap

eutic 

effect

s. 

These 

effect

s can 

be 

larger 
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to 

threat

ening 

stimul

i. 

with 

2-mA 

vs 1-

mA 

intens

ities, 

thoug

h a 

linear 

relatio

nship 

betwe

en 

intens

ity 

and 

effica

cy 

shoul

d not 

be 

concl

uded. 

Our 

result

s need 

replic

ation 

in 

larger 

trials. 
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Kum

ari, 

B. et 

al. 

(202

3)35 

India 

simp

le-

blind

, 

place

bo-

contr

olled 

trial 

CTRI/2022/01/039123 

To 

comp

are 

the 

chang

e in 

Hamil

ton 

Depre

ssion 

Ratin

g 

Scale 

(HA

M-D) 

scores 

with 

an 

early, 

add-

on 

tDCS 

versus 

sham 

tDCS 

in 

patien

ts 

with 

major 

depre

50 

adult

s 

with 

depre

ssion 

Active 

= 32.31 

(11.57) 

SHAM 

= 29.08 

(9.79) 

10 20 5 

Neuro

stim 

by 

Neuro

soft) 

Hamilt

on 

Depres

sion 

Rating 

Scale 

(HAM-

D), 

Beck’s 

Depres

sion 

Invento

ry 

(BDI), 

and 

Hamilt

on 

Anxiet

y 

Rating 

Scale 

(HAM-

A) 

N

I 

N

I 
NI NI NI No 

The 

study 

reveal

ed a 

signifi

cant 

reduct

ion in 

sympt

om 

severi

ty 

with 

tDCS 

augm

entati

on 

imply

ing 

benefi

cial 

aspect

s of 

tDCS 

as an 

early 

augm

entati

on 

strate

gy in 
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ssive 

disord

er. 

Also, 

to 

comp

are 

the 

rates 

of 

tDCS 

relate

d side 

effect

s 

betwe

en the 

active 

and 

sham 

tDCS 

group

. 

drug-

free 

patien

ts of 

moder

ately 

severe 

depre

ssion. 

The 

tDCS 

applic

ation 

hasten

s the 

proce

ss of 

reduct

ion in 

depre

ssive 

and 

anxiet

y 

sympt

oms. 

The 

side 

effect

s 

associ
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ated 

with 

tDCS 

were 

usuall

y of 

mild 

to 

moder

ate 

intens

ity, 

and 

tDCS 

was 

well 

tolerat

ed. 

The 

findin

gs 

from 

our 

study 

suppo

rt the 

use of 

tDCS 

along 

with 

medic
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ations 

as an 

augm

entati

on 

strate

gy 

early 

in the 

interv

ention 

proce

ss for 

moder

ate to 

severe 

depre

ssive 

episo

de. 

Howe

ver, 

the 

benefi

cial 

effect

s of 

tDCS 

may 

be 

time-
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limite

d. 

Increa

sing 

the 

numb

er of 

tDCS 

sessio

ns or 

incorp

oratin

g the 

strate

gy of 

boost

er 

sessio

ns 

may 

prolo

ng the 

benefi

ts; 

furthe

r 

studie

s are 

warra

nted 

to 
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analy

ze 

this. 

Mar

colin

, K. 

A. S. 

et al. 

(202

3)36 

Braz

il 

clini

cal 

trial 

registered in The Brazilian 

Clinical Trials Registry 

(ReBEC) under 

number RBR-2qpv74b  

To 

prese

nt a 

clinic

al 

trial 

study 

condu

cted 

in 

patien

ts 

with 

PTSD 

cause

d by 

the 

KISS 

nightc

lub 

fire 

disast

er 

8 

Patie

nts 

over 

18 ye

ars 

of 

age 

diagn

osed 

with 

PTS

D 

with

out 

comp

lete 

remis

sion 

of 

symp

toms 

30,88 ± 

7,74 
10 20 7 

Striat; 

Ibram

ed, 

Ampa

ro 

The 

Post-

Trauma

tic 

Stress 

Disord

er 

Checkli

st, 

Civilia

n 

version 

(PCL-

C), The 

Montre

al 

Cogniti

ve 

Assess

ment 

(MoCA

), The 

Hamilt

N

o 

N

o 
No No 

N

o 
Yes 

 

Despi

te 

decre

ase 

over 

time, 

impro

veme

nt in 

post-

traum

atic 

stress 

disord

er, 

depre

ssion 

and 

anxiet

y 

sympt

oms 
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who, 

being 

unres

ponsi

ve to 

pharm

acolo

gical 

therap

y, 

under

went 

tDCS 

treatm

ent. 

on 

Depres

sion 

Rating 

Scale 

(HAM-

D) and 

The 

Hamilt

on 

Anxiet

y 

Rating 

Scale 

(HAM-

A) 

was 

maint

ained 

throu

ghout 

the 

first 

month 

after 

treatm

ent. 

Trans

crania

l 

direct 

curren

t 

stimul

ation 

adjuv

ant 

can be 

an 

altern

ative 

treatm

ent to 

refrac

tory 

post-

traum
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atic 

stress 

disord

er, 

either 

as 

monot

herap

y or 

as 

treatm

ent 

enhan

ceme

nt 

strate

gy. 

They 

can 

also 

be an 

option 

for 

patien

ts 

who 

do not 

want 

or do 

not 

tolerat
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e 

pharm

acolo

gical 

mana

geme

nt. 

Mc

Alee

r, J. 

et al. 

(202

3)37 

Unit

ed 

State

s Of 

Ame

rica 

doub

le-

blind

, 

pseu

do-

coun

terba

lance

d 

desig

n; 

pilot 

study 

no 

To 

analy

ze the 

effect

s of 

dlPFC

-

targeti

ng 

tDCS 

and 

offset 

(180-

degre

e 

phase 

differ

ence 

in 

stimul

ating 

electr

29 

volu

nteer

s 

with 

depre

ssion 

and/o

r 

anxie

ty, 

confi

rmed 

via 

psyc

hiatri

c 

evalu

ation 

by a 

boar

d-

29.85 ±

 10.8 
3 20 1 

Pulvin

ar 

Neuro

, LLC, 

Chape

l Hill, 

NC 

DASS-

21 

Y

e

s 

Y

e

s 

no no no NI 

tACS 

appea

rs to 

increa

se ER 

capaci

ty as 

reflect

ed in 

increa

sed 

HRV 

in 

indivi

duals 

with 

intern

alizin

g 

psych

opath

ologie
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odes) 

theta-

tACS 

on 

emoti

on 

regula

tion 

in 

indivi

duals 

with 

intern

alizin

g 

psych

opath

ologie

s 

(IPs), 

measu

red by 

analy

zing 

chang

es in 

their 

heart 

rate 

variab

ility 

certif

ied 

psyc

hiatri

st 

(>23 

on 

the 

Depr

essio

n 

Anxi

ety 

Stres

s 

Scale

, 

DAS

S-21) 

s, 

partic

ularly 

after 

two 

sessio

ns of 

stimul

ation. 

This 

study 

adds 

validit

y to 

the 

use of 

tACS 

as a 

neuro

modul

atory 

techni

que in 

cognit

ive 

and 

clinic

al 

resear

ch. 

Additi
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(HRV

) in 

the 

conte

xt of 

repeat

ed 

emoti

on 

regula

tion 

tasks.  

onal 

resear

ch is 

requir

ed to 

better 

under

stand 

potent

ial 

carry-

over 

effect

s of 

multi

ple 

sessio

ns of 

stimul

ation. 

Naei

m, 

M., 

Reza

eish

arif, 

A., 

& 

Mog

hada

m, 

Iran 

doub

le-

blind

, 

place

bo-

contr

olled 

trial 

IR.ARUMS.REC.1398.558 

To 

evalu

ate 

the 

effecti

venes

s of 

transc

ranial 

direct 

curren

60 

meth

adon

e 

users 

who 

had 

sever

e 

depre

ssion 

age 

range 

of 20 to 

50 

years 

10 20 3 

Não 

infor

mado 

Beck’s 

depress

ion 

invento

ry, 

Berger’

s test 

N

I 

N

I 
NI NI NI Yes 

It 

seems 

that 

the 

metho

d of 

tDCS 

can 

reduc

e the 

severi
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S. A. 

(202

1)38 

t 

stimul

ation 

(tDCS

) on 

depre

ssion 

and 

anxiet

y in 

metha

done 

users. 

and 

anxie

ty. 

ty of 

sympt

oms 

of 

depre

ssion 

and 

anxiet

y. 

There

fore, 

it can 

be 

claim

ed 

that 

this 

interv

ention 

can be 

consi

dered 

by 

expert

s as a 

compl

ement

ary 

interv

ention 

along 
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with 

other 

psych

ologic

al and 

pharm

acolo

gical 

treatm

ents. 

Neja

ti, V. 

et al. 

(202

1)39 

Iran 

 

rand

omiz

ed, 

singl

e-

blind

ed, 

and 

com

plete 

cross

over 

desig

n 

NI 

To 

explor

e the 

causal 

contri

bution 

of the 

dorsol

ateral 

and 

ventro

media

l 

prefro

ntal 

cortic

es 

(dlPF

C, 

vmPF

C) on 

34 

adult

s 

with 

GAD

, 

with 

an 

age 

range 

betw

een 

20 

and 

45 

years 

;19 

fema

les, 

26.26 

(mean) 
5 20 1 

Activa

Dose 

 

(Activ

aTek 

Inc., 

EUA) 

The 

state-

trait 

anxiety 

invento

ry  

(STAI)

,  

Dot 

probe 

task,  

Readin

g mind 

from  

eyes 

test 

(RMET

) 

N

I 

N

I 
NI NI NI NI 

As 

sugge

sted 

by the 

result

s of 

this 

study, 

both 

dlPFC 

and 

vmPF

C are 

involv

ed in 

cognit

ive 

bias 

in 

GAD, 

but 
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cognit

ive 

bias 

via 

non-

invasi

ve bra

in 

stimul

ation. 

with 

partial

ly 

differ

ent 

roles. 

Anod

al 

stimul

ation 

over 

the 

right 

vmPF

C and 

the 

left 

dlPFC 

reduc

ed 

attenti

on 

bias, 

suppo

rting 

the 

releva

nce of 

these 

areas 

for 
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attenti

on 

bias. 

For 

interp

retatio

n 

bias, 

the 

signifi

cant 

effect 

of 

anoda

l 

dlPFC

/catho

dal 

vmPF

C 

stimul

ation, 

but 

only 

trend

wise 

effect 

of 

anoda

l 

tDCS 
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over 

the 

dlPFC 

combi

ned 

with 

an 

extrac

ephali

c 

return 

electr

ode is 

in 

accor

dance 

with a 

predo

minan

t 

effect 

of the 

dlPFC 

on 

interp

retatio

n 

bias, 

but 

does 

not 
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rule 

out an 

additi

onal 

minor 

involv

ement 

of the 

vmPF

C. 

Based 

on 

these 

result

s, a 

new 

model 

is 

sugge

sted 

for 

the 

neural 

under

pinnin

gs of 

anxiet

y 

sympt

oms. 
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Nika

khla

gh, 

S. et 

al. 

(202

3)40 

Iran 

doub

le-

blind

, 

place

bo-

contr

olled 

trial 

IRCT registration number: 

IRCT20210429051130N1 

To 

evalu

ate 

the 

therap

eutic 

effect

s of 

repeat

ed 

sessio

ns of 

anoda

l 

bifron

tal 

tDCS 

on 

tinnit

us 

sympt

oms. 

Furth

ermor

e, the 

tDCS 

impac

ts on 

the 

comor

bid 

42 

right-

hand

ed 

parti

cipan

ts 

with 

norm

al 

heari

ng 

sensi

tivity

, who 

repor

ted a 

chro

nic 

tinnit

us 

lastin

g for 

at 

least 

12 

mont

hs  

46.38 ± 

7.16(ac

tive); 

46.19 ± 

9.23(sh

am) 

24 20 6 

OASI

S 

Pro™ 

DC-

Stimul

ator 

(Mind 

Alive 

Inc., 

Edmo

nton, 

Albert

a, 

Canad

a). 

Tinnitu

s 

Handic

ap 

Invento

ry 

(THI), 

Beck 

Depres

sion 

Invento

ry 

(BDI), 

Beck 

Anxiet

y 

Invento

ry 

(BAI) 

N

o 

N

o 
No No 

N

o 
Yes 

Our 

findin

gs 

indica

ted 

that 

THI 

score, 

depre

ssion 

and 

anxiet

y 

level 

has 

been 

gradu

ally 

dimin

ished 

across 

subse

quent 

measu

remen

t 

interv

als. 

We 

also 

find 
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depre

ssion 

and 

anxiet

y of 

the 

patien

ts 

were 

invest

igated

. 

signifi

cant 

reduct

ion of 

distre

ss-

relate

d 

tinnit

us in 

the 

real-

tDCS 

group 

after 

treatm

ent. 

We 

concl

ude 

that 

applic

ation 

of 

tDCS 

to the 

bilater

al 

DLPF

C 

region 
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allevi

ates 

chroni

c 

tinnit

us and 

it 

shoul

d be 

consi

dered 

in 

patien

ts 

with 

refrac

tory 

tinnit

us. 

Nish

ida, 

K. et 

al. 

(202

1)41 

Japa

n/Ge

rman

y 

rand

omiz

ed 

clini

cal 

trial 

NI 

To 

augm

ent 

the 

effect

s of 

mindf

ulness

, 

sugge

sted 

for 

58 

healt

hy 

parti

cipan

ts 

(n=2

8-

activ

e; 30 

sham

) 

38.29 

(11.34) 

active      

40.59 

(9.27)c

ontrol 

1 20 1 

DC 

Stimul

ator 

Plus; 

Neuro

Conn 

STAI, 

the 

Positiv

e and 

Negati

ve 

Affect 

Schedu

le 

(PANA

S)25, 

the 

N

o 

Y

e

s 

NI NI NI Yes 

The 

result

s of 

this 

study 

reveal

ed an 

intera

ction 

effect 

betwe

en 
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reduci

ng 

anxiet

y, 

with 

concu

rrent 

use of 

tDCS. 

Schedu

le for 

the 

Evaluat

ion of 

Individ

ual 

QoLDi

rect 

Weight

ing 

(SEIQo

L-

DW)26

, and 

the 

Five 

Facet 

Mindfu

lness 

Questio

nnaire 

(FFMQ

) 

tDCS 

and 

time, 

and 

that 

SA-

STAI 

scores 

were 

signifi

cantly 

decre

ased 

at 1 

week 

after 

active 

tDCS. 

Furth

ermor

e, we 

found 

that 

the 

actual 

densit

y of 

alpha 

activit

y in 

the 
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rACC 

was 

signifi

cantly 

decre

ased 

only 

in the 

active 

tDCS 

group, 

and 

this 

reduct

ion 

was 

signifi

cantly 

greate

r in 

the 

active 

group 

than 

in the 

sham 

tDCS 

group. 
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Paul

a, T. 

M. 

H. et 

al. 

(202

3)42 

Braz

il 

doub

le-

blind

, 

place

bo-

contr

olled 

trial 

NCT0450225 

To 

invest

igate 

the 

analg

esic 

and 

neuro

modul

atory 

effect

s of 

previo

us 

treatm

ent 

with 

LDN 

combi

ned 

with 

anoda

l 

tDCS 

in 

wome

n with 

fibro

myalg

ia. 

86 

wom

en 

with 

fibro

myal

gia 

(18-

65) 

LDN+

ETCC 

= 49,74 

± 1,97 

LDN+S

HAM = 

48,09 ± 

1,56 

Placebo

+ACTI

VE = 

50,57 ± 

2,23 

Placebo

+SHA

M = 

48,95 ± 

2,08 

5 20 5 NI 

sociode

mograp

hic, 

Visual 

Analog 

Pain 

Scale 

(VAS), 

Pain 

Catastr

ophizin

g Scale 

(PCS), 

State-

Trait 

Anxiet

y 

Invento

ry 

(STAI)

, 

Fibrom

yalgia 

Impact 

Questio

nnaire 

(FIQ), 

Beck 

Depres

sion 

Invento

N

o 

N

o 
No No 

N

o 
Yes 

Comb

ined 

LDN

+tDC

S has 

possib

le 

benefi

ts in 

reduci

ng 

pain 

freque

ncy 

and 

intens

ity; 
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ry 

(BDI-

II), 

Profile 

of 

Chroni

c Pain 

Scale 

(PCP:S

), Pain 

Pressur

e 

Thresh

old 

(PPT), 

and 

Conditi

oned 

Pain 

Modula

tion 

(CPM). 

Pint

o, A. 

C. P. 

N. et 

al. 

(202

1)43 

Braz

il 

Rand

omiz

ed 

Cont

rolle

d 

Trial 

(pilot

o) 

NCT04119128 

To 

evalu

ate 

the 

effect 

of a 

tDCS 

protoc

ol on 

36 

Wom

en 

aged 

18–

65 

years 

with 

pSS, 

55,8 ± 

8,5 

(Active

)       

53,1 ± 

10,3(Sh

am) 

5 20 5 

 

Neuro

conn 

Gmb

H, 

Ilmen

au, 

Germ

any 

Fatigue 

Severit

y Scale 

(FSS),  

Profile 

of 

Fatigue 

and 

Discom

N

o 

N

o 
No No 

Y

es 
No 

tDCS 

seems 

to be 

safe 

and 

reduc

e 

fatigu

e in 
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fatigu

e in 

patien

ts 

with 

prima

ry 

Sjögr

en's 

Syndr

ome 

(pSS) 

on 

stabl

e 

phar

maco

logic

al 

thera

py 

for 

least 

three 

mont

hs, 

with 

comp

laints 

of 

fatig

ue 

for at 

least 

three 

mont

hs. 

fort - 

Sicca 

Sympto

ms 

Invento

ry 

(PROF

AD-

SSI), 

EULA

R 

Sjogren 

€ ’s 

Syndro

me 

Patient 

Report

ed 

Index 

(ESSP

RI), 

ShortF

orm 12 

Health 

Survey 

(SF-

12), 

Pittsbur

gh 

Sleep 

Quality 

pSS. 

A 

differ

ential 

effect 

on 

pain 

and 

sleep 

may 

underl

ie its 

effect

s. 

Furth

er 

studie

s are 

neede

d to 

optim

ise 

tDCS 

treatm

ent 

strate

gies 

in 

pSS 
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Index,  

Beck 

Depres

sion 

Invento

ry 

(BDI), 

Elecsys 

Cortiso

l II 

assay 

kit. 

Sing

h, S. 

et al. 

(202

1)44 

India 

Pilot 

Stud

y - 

pros

pecti

ve 

inter

venti

onal 

study 

NI 

 To 

study 

the 

effect 

of 

tDCS 

as an 

augm

entati

on 

strate

gy 

in dep

ressio

n and 

its 

variou

s 

sympt

35 

patie

nts 

diagn

osed 

with 

depre

ssive 

disor

der 

(base

d on 

CID-

10) 

who 

show

ed 

inade

quate 

 37.42 

years, 

ranging 

19–67 

years 

20 20 

2 

w

ee

ks 

FOCU

S V2 

Hamilt

on 

Rating 

Scale 

for 

Depres

sion-17 

items 

(HAM-

D) 

N

o 

N

o 
No No 

N

o 
Yes 

tDCS 

increa

se 

impro

ves 

depre

ssive 

sympt

oms 

in the 

short 

term. 

Almo

st all 

domai

ns or 

variab

les of 

depre
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om 

domai

ns. 

impr

ovem

ent 

on 

antid

epres

sant 

selec

tive 

serot

onin 

reupt

ake 

inhib

itors 

ssive 

sympt

omato

logy 

respo

nded 

to 

tDCS 

in our 

sampl

e. In 

clinic

al 

practi

ce, 

this 

may 

help 

reduc

e 

seque

ntial 

trials 

of 

multi

ple 

antide

pressa

nts or 

adjuv

ant 
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drugs 

and 

avoid 

their 

costly 

side 

effect

s, 

thereb

y 

provi

ding a 

safer 

altern

ative 

modal

ity for 

treatin

g 

depre

ssion. 

Howe

ver, 

the 

open-

label 

nature

, 

absen

ce of 

a 
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contro

l 

group, 

mode

st 

sampl

e size, 

lack 

of 

unifor

m 

doses 

of 

antide

pressa

nt 

treatm

ent, 

and 

lack 

of 

long-

term 

evalu

ation 

of 

outco

me 

measu

res 

are 
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limita

tions 

that 

restric

t the 

gener

alizab

ility 

of this 

study. 

Smit

s, F. 

M. 

et al. 

(202

2)45 

Neth

erlan

ds 

doub

le-

blind

, 

place

bo-

contr

olled 

trial 

NL5709 

To 

replic

ate 

tDCS-

enhan

ced 

inhibi

tory 

contro

l 

traini

ng in 

a 

clinic

al 

sampl

e and 

test 

wheth

er this 

reduc

100 

activ

e-

duty 

mili- 

tary 

perso

nnel 

and 

post-

activ

e 

veter

ans 

with 

PTS

D, 

anxie

ty, or 

impu

lsive 

Active 

= 40.5 

(10.6)  

SHAM 

= 44.4 

(9.4) 

5 20 

1-

5 

da

ys 

be

tw

ee

n 

se

ssi

on

s 

neuro

Conn 

DC-

stimul

ator 

Plus 

Stop-

signal 

respons

e time 

(SSRT)

, 

Bochu

m 

Emotio

nal 

Stimul

us Set 

(BESS

T), 

Implici

t 

associa

tion 

task 

(IAT),  

PTSD 

N

o 

N

o 
No No 

N

o 
No 

The 

curren

t RCT 

in 

milita

ry 

patien

ts 

with 

stress-

relate

d 

symp- 

toms 

provi

des no 

evide

nce 

for 

short-

term 
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es 

stress-

relate

d 

menta

l 

health 

sympt

oms. 

aggre

ssion 

symp

- 

toms 

Checkli

st for 

DSM-

5, the 

trait 

version 

of the 

positiv

e and 

negativ

e affect 

schedul

e 

(PANA

S),  

STAXI

-2, 

Beck 

Depres

sion 

Invento

ry 2nd 

edition 

(BDI-

II), 

Outco

me 

Questio

nnaire 

45 

(OQ45)

or 

long-

term 

benefi

ts 

of 5 

sessio

ns of 

20-

min 

tDCS 

targeti

ng the 

right 

IFG at 

an 

inten- 

sity of 

1.25 

mA 

combi

ned 

with 

respo

nse 

inhibi

tion 

traini

ng, on 

inhibi

tory 
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, Dutch 

version 

of the 

childho

od 

trauma 

questio

nnaire 

short 

form 

(CTQ-

SF) 

and 

Barrett’

s 

Impulsi

vity 

Scale 

(BIS-

11) 

contro

l or 

PTSD

, 

anxiet

y, and 

impul

sive 

aggre

ssion 

sympt

oms. 

For 

these 

patien

ts, 

tDCS 

may 

be 

more 

effecti

ve in 

higher 

doses 

(e.g. 

higher 

curren

t 

densit

y, 

more 



PRISMA 2020 Checklist 

 

Trends Psychiatry Psychother - Pre-Proof - http://doi.org/10.47626/2237-6089-2024-0950 

 
 

sessio

ns) or 

when 

combi

ned 

with 

emoti

onally 

challe

nging 

tasks 

or 

psych

o- 

therap

y. 

Gaini

ng 

insigh

t in 

deter

minan

ts of 

tDCS 

effica

cy 

and 

conve

nient 

brain 

target
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s for 

neuro

modul

ation 

in 

stress-

relate

d 

disord

ers 

will 

allow 

the 

tailori

ng of 

future 

tDCS 

interv

ention

s. 

Szer

emet

a, E. 

M. 

et al. 

(202

3)46 

Aust

ralia 

doub

le-

blind

, 

place

bo-

contr

olled 

trial 

no 

To 

exami

ne the 

effect

s of 

tDCS 

to the 

left D

LPFC

 on 

attenti

101 

Mage = 

22.57, 

SD = 

5.60; 

66.33% 

female 

1 20 1 

Chatta

nooga 

dual 

chann

el 

iontop

horesi

s 

syste

m [ 

Positiv

e and 

Negati

ve 

Affect 

Schedu

le 

(PANA

S); 

STAI-

S; 

Y

e

s 

n

o 
no no no Yes 

 We 

found 

no 

evide

nce of 

tDCS-

induc

ed 

effect

s on 

attenti
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onal 

bias 

towar

ds 

both 

negati

ve 

and 

positi

ve 

infor

matio

n, as 

well 

as its 

effect

s on 

both 

negati

ve 

and 

positi

ve 

emoti

onal 

reacti

vity 

in 

respo

nse to 

emoti

DASS-

21; 

IDATE

-S 

onal 

bias 

towar

ds 

either 

negati

ve or 

positi

ve 

infor

matio

n, 

with 

Bayes

ian 

analys

es 

sugge

sting 

more 

evide

nce in 

favou

r of 

the 

absen

ce of 

such 

effect

s in 

the 
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onal 

conte

nt. 

prese

nt 

study. 

Howe

ver, 

thoug

h 

result

s 

shoul

d be 

treate

d as 

preli

minar

y, we 

found 

some 

evide

nce 

that 

tDCS 

may 

enhan

ce 

emoti

onal 

regula

tion 

that is 

aligne
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d 

with i

ntent, 

and 

may 

increa

se 

positi

ve 

mood. 

These 

findin

gs 

provi

de 

some 

suppo

rt for 

effect

s of 

left 

fronta

l 

tDCS 

stimul

ation 

on 

emoti

onal 

regula

tion 
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and 

positi

ve 

effect

s on 

overal

l 

mood. 

Wan

g, Y. 

et. al 

(202

2)47 

Chin

a 

doub

le-

blind

, 

place

bo-

contr

olled 

trial 

his study was supported by 

the National Natural Science 

Foundation of China grant 

(32071078), The Research 

Program Fund of the 

Collaborative Innovation 

Center of Assessment toward 

Basic Education Quality 

at Beijing Normal 

University (2018-05-009-

BZPK01, 2020-05-009-

BZPK01, 2021-05-009-

BZPK01), Fundamental 

Research Funds for the 

Central 

Universities (GK201902011, 

2019TS140, 2021CSWY022,

 2021CSWY023), Innovation 

Capability Support Program 

of Shannxi 

Province (2020TD-037 

 To 

invest

igate 

wheth

er one 

single 

sessio

n of 

tDCS 

could 

reduc

e 

creati

vity 

impai

rment

s 

induc

ed by 

acute 

stress, 

and 

70 

healt

hy 

fema

le 

stude

nts 

19,6 

(1,55) 
1 21 1 

DC-

STIM

ULAT

OR 

MC 

Stai-T ; 

BDI-II;  

PANA

S ;Stai-

S ; 

Trier 

Social 

Stress 

Test 

(TSST) 

Y

e

s 

Y

e

s 

Yes NI 
Y

es 
Yes 

Result

s 

showe

d that 

R+L

� 

stimul

ation 

facilit

ated 

the 

recov

ery of 

anxio

us 

state 

comp

ared 

to 

sham 

stimul

ation. 
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wheth

er the 

effect 

of 

tDCS 

on 

creati

vity 

perfor

manc

e is 

partial

ly 

media

ted by 

the 

recov

ery of 

the 

stress 

respo

nse. 

We 

also 

found 

that 

the 

decre

ased 

value 

of 

AUT 

scores 

after 

stress 

in the 

R+L

� 

group 

was 

signifi

cantly 

lower 

than 

that in 

the 

sham 

group. 

More

over, 

furthe

r 

analys
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is 

reveal

ed 

state 

anxiet

y 

media

ted 

the 

effect 

of 

tDCS 

on the 

flexib

ility 

comp

onent 

of the 

AUT. 

We 

concl

uded 

that 

bilater

al 

tDCS 

over 

the 

DLPF

C is 

efficie
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nt in 

allevi

ating 

stress-

induc

ed 

creati

vity 

impai

rment, 

which 

may 

correl

ate 

with 

greate

r 

recov

ery of 

state 

anxiet

y. Our 

findin

gs 

provi

de 

causal 

evide

nce 

for 

the 
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neuro

physi

ologic

al 

mech

anism

s by 

which 

stress 

affect

s 

creati

vity, 

as 

well 

as 

clinic

al 

sugge

stions 

for 

stress-

relate

d 

psych

iatric 

disord

ers 

preve

ntion 

and 
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interv

ention

. 

Lore

ti, E. 

H. et 

al. 

(202

3)48 

Braz

il 

rand

omiz

ed 

clini

cal 

trial 

Brazilian Registry of Clinical 

Trials identifier: RBR-

8wc8rjq 

To 

analy

ze the 

effect

s of 

ten 

sessio

ns of 

active 

transc

ranial 

direct 

curren

t 

stimul

ation 

transc

ranial 

direct 

curren

t 

stimul

ation 

35 

wom

en 

with 

FM 

41.17 ± 

11.305 
10 26 NI 

conve

ntiona

l 

tDCS 

device 

 Fibro

myalgi

a 

Impact 

Questio

nnaire, 

Hamilt

on 

Anxiet

y 

Rating 

Scale, 

Hamilt

on 

Depres

sion 

Rating 

Scale, 

World 

Health 

Organi

zation's 

Quality 

N

o 

N

o 
No No 

N

o 
No 

The 

active 

tDCS 

group 

showe

d 

impro

veme

nt in 

pain 

after 

ten 

sessio

ns (p 

< 

0.001)

, after 

30 

days 

(p < 

0.01), 

and 

after 
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(tDCS

) (2 

mA) 

with 

13:20:

13 

stimul

ation 

at M1 

in 

wome

n with 

fibro

myalg

ia 

(FM). 

of Life 

Questio

nnaire, 

and 

Fatigue 

Assess

ment 

Scale 

90 

days 

(p < 

0.001) 

comp

ared 

with 

sham 

tDCS. 

In 

additi

on, 

impro

veme

nt in 

qualit

y of 

life 

(QoL) 

and 

fatigu

e was 

obser

ved in 

the 

active 

tDCS 

group. 

The 

result

s of 
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this 

study 

sugge

st that 

active 

tDCS 

with 

an 

intens

ity of 

2 mA 

for 

ten 

sessio

ns 

was 

effecti

ve in 

decre

asing 

pain 

and 

fatigu

e and 

impro

ving 

QoL 

in 

patien

ts 
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with 

FM. 

Broo

ks, 

H. et 

al. 

(202

1)49 

Cana

da/ 

Unit

ed 

State

s Of 

Ame

rica 

doub

le-

blind

, 

place

bo-

contr

olled 

trial 

NCT03653351 and 

NCT03680664 

 To 

assess 

the 

feasib

ility 

of 

combi

ning 

Mindf

ulness

-

Based 

Stress 

Reduc

tion 

(MBS

R) 

with 

transc

ranial 

direct 

curren

36 

indiv

idual

s 

with 

subje

ctive 

cogni

tive 

comp

laints 

and 

symp

toms 

of 

depre

ssion 

and/o

r 

anxie

ty 

were 

Active 

= 68.3 

(5.9) 

SHAM 

= 69.0 

(5.0)  

40 30 5 

Magst

im/Ne

uronik

a  

HDC-

Kit 

Fluid 

Cogniti

on 

Compo

site do 

Nation

al 

Institut

es of 

Health 

(NIH) 

Toolbo

x 

Cogniti

on 

Battery

,  The 

Cogniti

ve 

Affecti

ve 

Mindfu

N

I 

N

I 
NI NI NI Yes 

Our 

findin

gs 

sugge

st that 

it is 

feasib

le and 

safe 

to 

combi

ne 

tDCS 

with 

MBS

R in 

older 

depre

ssed 

and 

anxio

us 



PRISMA 2020 Checklist 

 

Trends Psychiatry Psychother - Pre-Proof - http://doi.org/10.47626/2237-6089-2024-0950 

 
 

t 

stimul

ation 

(tDCS

) to 

increa

se 

putati

ve 

benefi

ts of 

MBS

R for 

cognit

ive 

functi

on 

and 

every

day 

mindf

ulness 

in 

depre

ssed 

or 

anxio

us 

older 

adults 

with 

rand

omiz

ed to 

activ

e 

(n = 

12) 

or 

sham 

tDCS 

(n = 

14). 

lness 

Scale 

(CAM

S-R) e 

the 8-

item 

short 

form 

v2.9 

PROM

IS 

Scale 

for 

Satisfa

ction 

with 

Social 

Roles 

and 

Activiti

es and 

the 8-

item 

short 

form 

v2.0 

PROM

IS 

Ability 

to 

Particip

adults

, 

includ

ing 

durin

g 

remot

e, at-

home 

use. 

Furth

ermor

e, 

tDCS 

may 

enhan

ce 

MBS

R via 

transf

erring 

its 

medit

ative 

learni

ng 

and 

practi

ce 

into 

increa
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subjec

tive 

cognit

ive 

declin

e. 

ate in 

Social 

Roles 

and 

Activiti

es 

ses in 

every

day 

mindf

ulness

. 

Futur

e 

studie

s need 

to 

impro

ve 

adher

ence 

to 

MBS

R 

with 

tDCS. 

Quin

n, D. 

K. et 

al. 

(202

0)50 

Unit

ed 

State

s Of 

Ame

rica 

doub

le-

blind

, 

place

bo-

contr

olled 

trial 

NI 

To 

identi

fy 

wheth

er 

anoda

l 

tDCS 

applie

d to 

the 

24 

subje

cts 

with 

chro

nic 

mild-

mode

rate 

TB 

Active 

= 29.4 

Sham = 

36.8 

10 30   

Neuro

Conn 

(neuro

Care 

Group 

Gmb

H, 

Muniq

ue, 

Alema

nha) 

 the 

Neurob

ehavior

al 

Sympto

m 

Invento

ry 

(NSI); 

the 

Hamilt

N

I 

N

I 
NI NI NI yes 

The 

curren

t 

study 

sugge

sts a 

compl

ex 

pictur

e 

betwe
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left 

dorsol

ateral 

prefro

ntal 

cortex 

paired 

with a 

cognit

ive 

traini

ng 

protoc

ol in 

mild 

traum

atic 

brain 

injury 

(mTB

I) 

patien

ts 

result

s in 

chang

es in 

cerebr

al 

blood 

flow 

on 

Depres

sion 

Rating 

Scale 

(HAM-

D); the 

Beck 

Depres

sion 

Invento

ry-II 

(BDI); 

the 

Posttra

umatic 

Stress 

Disord

er 

Checkli

st-

Civilia

n 

version 

(PCL-

C); the 

Patient-

Report

ed 

Outco

mes 

en 

mmT

BI, 

cerebr

al 

perfus

ion, 

and 

recov

ery. 

Chan

ges in 

CBF 

may 

result 

from 

physi

ologic 

effect 

of the 

interv

ention

, 

comp

ensato

ry 

neural 

mech

anism

s, or 

confo
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(CBF) 

on 

pCAS

L 

seque

nces. 

Measur

ement 

Inform

ation 

System

-29 

(PRO

MIS); 

the 

Glasgo

w 

Outco

me 

Scale-

Extend

ed 

(GOS-

E); the 

Frontal 

System

s 

Behavi

or 

Scale 

(FrSBe

); 

Wechsl

er 

Adult 

Intellig

ence 

undin

g 

factor

s. 

Limit

ations 

includ

e a 

small 

sampl

e size 

and 

hetero

genou

s 

injury 

sampl

e, but 

these 

findin

gs 

sugge

st 

promi

sing 

directi

ons 

for 

future 

studie

s of 
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Scale-

Fourth 

Edition 

(WAIS

-IV): 

Digit 

Span 

and 

Coding 

subtest

s; the 

Test of 

Premor

bid 

Functio

ning 

(TOPF)

; the 

Hopkin

s 

Verbal 

Learnin

g Test-

Revise

d 

(HVLT

-R) 

(54); 

and 

Test of 

Memor

cognit

ive 

traini

ng 

paradi

gms 

in 

mmT

BI. 
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y 

Maling

ering 

(TOM

M) 

(55). 

Suen

, P. 

J. C. 

et al. 

(202

1)51 

Braz

il 

doub

le-

blind

, 

place

bo-

contr

olled 

trial 

NCT01894815 

To 

invest

igate 

wheth

er 

electri

c field 

(EF) 

streng

th is 

correl

ated 

with 

behav

ioral 

chang

es in 

depre

ssed 

patien

ts 

using 

16 

patie

nts  

who 

were 

diagn

osed 

with 

majo

r 

depre

ssive 

disor

der 

durin

g an 

acute 

depre

ssive 

episo

de 

per 

42.8 ± 

10.9 
22 30 

10

-

w

ee

k 

pe

rio

d 

1 × 1 

tDCS-

CT, 

Soteri

xMedi

cal, 

New 

York, 

NY 

Magnet

ic 

resonan

ce 

imagin

g, 

HDRS 

- 

Hamilt

on 

depress

ion 

rating 

scale, 

STAI 

state–

trait 

anxiety 

invento

ry,  

Positiv

e and 

N

o 

N

o 
No No 

N

o 
No 

We 

found 

no 

correl

ation 

betwe

en 

trait 

or 

state 

anxiet

y and 

EF 

streng

th 

over 

the 

DLPF

C and 

ACC. 

Altho

ugh 

https://translate.google.com/website?sl=auto&tl=pt&hl=pt-BR&u=https://clinicaltrials.gov/ct2/show/NCT01894815
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simul

ated 

electri

c 

fields 

in real 

patien

t data 

from 

a 

contro

lled 

clinic

al 

trial. 

DSM

-5 

criter

ia  

Negati

ve 

Affect 

Scale 

(PANA

S) 

some 

studie

s 

sugge

sted 

that 

tDCS 

can 

downr

egulat

e 

anxiet

y, 

negati

ve 

findin

gs 

have 

been 

also 

report

ed. 

For 

instan

ce, 

recent 

trials 

showe

d 

mode

st or 
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null 

effect

s of 

prefro

ntal 

tDCS 

in 

ameli

oratin

g 

anxiet

y 

sympt

oms. 

In this 

conte

xt, 

other 

tDCS 

protoc

ols 

that 

could 

be 

more 

effecti

ve in 

impro

ving 

anxiet

y 
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sympt

oms 

shoul

d be 

invest

igated

. In 

additi

on, 

tDCS 

effect

s on 

anxiet

y 

might 

be 

more 

effecti

ve 

when 

down- 

regula

ting 

stress-

induc

ed 

tasks. 
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Nasi

ri, F. 

et al. 

(202

0)52 

Iran 

doub

le-

blind

, 

place

bo-

contr

olled 

trial 

 IRCT20140929019334N1 

(see 

https://irct.ir/trial/27988). 

 To 

comp

are 

the 

unifie

d 

protoc

ol for 

transd

iagno

stic 

treatm

ent of 

emoti

onal 

disord

ers 

(UP) 

with 

and 

witho

ut 

transc

ranial 

direct 

curren

t 

stimul

ation 

(tDCS

) for 

43 

(32 

fema

le) 

indiv

idual

s 

diagn

osed 

with 

GAD 

and 

como

rbid 

depre

ssion 

UP+tD

CS 

group = 

20.23 

(SD=2.

89); UP 

group= 

21.53 

(SD=3.

56).  

10 20 5 NI 

Anxiet

y 

disorde

rs 

intervie

w 

schedul

e for 

DSM-

IV 

(ADIS-

IV), 

Anxiet

y 

sensitiv

ity 

index 

(ASI), 

Beck 

Depres

sion 

Invento

ry 

(BDI), 

Beck 

Anxiet

y 

Invento

ry 

(BAI), 

Genera

N

o 

N

o 
No No 

N

o 
Yes 

In the 

curren

t 

study, 

combi

ned 

UP+t

DCS 

result

ed in 

signifi

cantly 

greate

r 

reduct

ions 

in 

anxiet

y, 

anxiet

y 

sensiti

vity, 

and 

worry 

relativ

e to 

UP 

alone 

both 

post-
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the 

treatm

ent of 

emoti

on 

regula

tion 

and 

execu

tive 

contro

l 

dysfu

nction 

in 

indivi

duals 

diagn

osed 

with 

gener

alized 

anxiet

y 

disord

er 

(GAD

) and 

comor

bid 

major 

lized 

anxiety 

disorde

r 

questio

nnaire-

IV 

(GAD-

Q-IV), 

Intolera

nce of 

uncerta

inty 

scale, 

Penn 

state 

worry 

questio

nnaire 

(PSWQ

). 

treatm

ent 

and at 

a 

three-

month 

follo

w-up. 

Thus, 

a 

combi

ned 

UP+t

DCS 

appro

ach 

may 

result 

in 

better 

and 

longer 

treatm

ent 

impro

veme

nt in 

treatm

ent-

resista

nt 
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depre

ssive 

disord

er 

(MD

D). 

GAD 

patien

ts 

with 

comor

bid 

depre

ssion. 

Dec

hant

sreit

er, 

E. et 

al. 

(202

3)53 

Israe

l/ 

Latvi

a/ 

Ger

man

y 

 two-

arm, 

doub

le-

blind

, 

rand

omiz

ed 

and 

place

bo-

contr

olled 

multi

-

cente

r 

trial  

NCT04953208 

To 

exami

ne the 

syner

gistic 

effect

s of a 

self-

admin

istere

d 

home-

treatm

ent, 

enco

mpass

ing 

transc

ranial 

direct 

curren

t 

14 

patie

nts 

with 

a 

prim

ary 

diagn

osis 

of 

MD

D 

18-65  30 30 5 NI 

Hamilt

on 

Depres

sion 

Rating 

Scale 

(HAM-

D), 

Mini-

Internat

ional 

Neurop

sychiat

ric 

Intervie

w 

(M.I.N.

I.), 

Montg

omery 

and 

Åsberg 

N

o 

N

o 
No No 

N

o 
NI 

Refer

s to 

anxiet

y 

scales

, but 

shows 

no 

result

s 
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stimul

ation 

(tDCS

) 

along 

with a 

video 

game 

based 

traini

ng of 

attenti

onal 

contro

l. 

Depres

sion 

Rating 

Scale 

(MAD

RS), 

Beck 

Depres

sion 

Invento

ry 

(BDI), 

Patient 

Health 

Questio

nnaire 

(PHQ-

9), 

Genera

lized 

Anxiet

y Dis- 

order 

7-item 

(GAD-

7), 

Rumin

ation 

Respon

se 

Scale, 
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Clini- 

cal 

Global 

Impres

sion-

Severit

y, 

Clinica

l 

Global 

Impres

sion-

Improv

ement, 

WHO-

5 well-

being 

index, 

Global 

Assess

ment of 

Functio

ning 

Scale, 

Adapti

ve 

Cogniti

ve 

Evaluat

ion 
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(ACE) 

battery. 

Mari

ano, 

T. 

Y. et 

al. 

(201

9)54 

Unit

ed 

State

s Of 

Ame

rica 

doub

le-

blind

, 

place

bo-

contr

olled 

trial 

NCT02771990, 

NCT02768129 

To 

test 

wheth

er 10 

daily 

tDCS 

sessio

ns 

aimed 

to 

inhibi

t the 

left 

dorsal 

anteri

or 

cingul

ate 

cortex 

(dAC

C), a 

region 

strong

30 

(23 

male; 

7 

fema

le) 

patie

nts 

with 

chro

nic 

low 

back 

pain 

ACTIV

E = 

65.1 ± 

8.8 

SHAM 

= 60.7 

± 11.8 

10 20 7 

DC-

STIM

ULAT

OR 

PLUS, 

Neuro

Conn 

Gmb

H 

11 

point 

DVPR

S, West 

Haven-

Yale 

Multidi

mensio

nal 

Pain 

Invento

ry 

(WHY-

MPI-

C), 

Roland 

Morris 

Disabil

ity 

Questio

nnaire 

(RMD

Q) , 

N

I 

N

I 
NI NI NI yes 

To 

our 

knowl

edge, 

this is 

the 

first 

doubl

e-

blinde

d 

RCT 

of 

multi

ple 

tDCS 

sessio

ns 

targeti

ng the 

left 

dACC 

to 
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ly 

implic

ated 

in the 

affecti

ve 

comp

onent 

of 

pain, 

would 

produ

ce 

selecti

ve 

reduct

ion in 

pain-

relate

d 

sympt

oms. 

Chroni

c Pain 

Accept

ance 

Questio

nnaire 

(CPAQ

-8), 

Sintom

as de 

Ansied

ade da 

Dor 

(PASS-

20) , 

Patient 

Health 

Questio

nnaire 

(PHQ-

9), 

Genera

lized 

Anxiet

y 

Disord

er scale 

(GAD-

7), 

Credibi

lity/Ex

modul

ate 

CLBP

’s 

affecti

ve 

sympt

oms. 

Result

s are 

encou

raging

, 

includ

ing 

severa

l 

possib

le 

tDCS-

associ

ated 

impro

veme

nts. 

Better

-

power

ed 

RCTs 

are 
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pectanc

y 

Questio

nnaire 

(CEQ) 

and 

Client 

Satisfa

ction 

Questio

nnaire-

8 

(CSQ-

8) 

neede

d to 

confir

m 

these 

effect

s. 

Futur

e 

studie

s 

shoul

d also 

consi

der 

differ

ent 

stimul

ation 

sched

ules, 

additi

onal 

cortic

al 

target

s, 

high-

densit

y 

multi-
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electr

ode 

tDCS 

arrays

, and 

multi

modal 

appro

aches. 

Liu, 

Y. et 

al. 

(202

3)55 

Chin

a 

doub

le-

blind

, 

place

bo-

contr

olled 

trial 

no 

 To 

invest

igate 

the 

effect

s of 

repeat

ed 

DLPF

C 

tDCS 

on 

attenti

onal 

contro

l in 

chroni

cally 

stress

ed 

indivi

duals.  

40 

stude

nts 

from 

Sout

hwes

t 

Univ

ersity 

who 

were 

about 

to 

take 

the 

postg

radua

te 

entra

nce 

exam

inati

18–26 

years, 

Mage = 

21.2 

years, 

SD age 

= 1.65) 

5 20 5 

Soteri

x 

Medic

al, 

Wood

bridge

, NJ, 

EUA 

Student 

Life 

Stress 

Invento

ry 

(SLSI), 

State-

Trait 

Anxiet

y 

Invento

ry 

(STAI)

, Beck 

Depres

sion 

Invento

ry 

(BDI), 

Positiv

e and 

Negati

N

o 

Y

e

s 

No No 
N

o 
yes 

All in 

all, 

our 

study 

exhibi

ted 

suppo

rting 

evide

nce 

for 

potent

ial 

benefi

ts of 

anoda

l 

tDCS 

for 

attenti

on 

contro
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on in 

Chin

a (20 

male

s;20 

fema

les) 

ve 

Affect 

Schedu

le, 

Perceiv

ed 

stress 

scale 

(PSS), 

Positiv

e and 

Negati

ve 

Affect 

Schedu

le 

(PANA

S) 

l in 

chroni

cally 

stress

ed 

indivi

duals. 

Specif

ically, 

the 

anoda

l 

tDCS 

targeti

ng the 

left 

DLPF

C 

brain 

region 

modul

ated 

partici

pants’ 

mood

s, as 

show

n by 

the 

reduct

ions 



PRISMA 2020 Checklist 

 

Trends Psychiatry Psychother - Pre-Proof - http://doi.org/10.47626/2237-6089-2024-0950 

 
 

in 

percei

ved 

stress, 

state 

anxiet

y, and 

trait 

anxiet

y. In 

additi

on, 

the 

reduct

ion in 

reacti

on 

time 

indica

ted an 

enhan

ced 

attenti

onal 

contro

l, 

which 

is also 

suppo

rted 

by the 
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decre

ase in 

the 

N2 

amplit

udes 

and 

the 

increa

se in 

the P3 

amplit

udes 
 


