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Introduction: To objectively and accurately evaluate the clinical efficacy of 
transcranial direct current stimulation (tDCS) for schizophrenia, we conducted this 
systematic review and exploratory meta-analysis (PROSPERO: CRD420251002632). 

Methods: Firstly, randomized controlled trials (RCTs) related to the adjunctive 
use of tDCS for schizophrenia were searched on PubMed, Embase and Web of 
Science databases according to search strategies developed in advance. 
Secondly, the eligible articles were screened according to the inclusion and 
exclusion criteria. Finally, the data were extracted and a complete meta-analysis 
was performed. Meanwhile, we also completed publication bias analysis and 
sensitivity analysis. Statistical analysis was conducted using RevMan software 
(version 5.4). 

Results: We ultimately included 11 eligible RCTs. The results of the exploratory 
meta-analysis indicated that the adjunctive use of tDCS seems to be able to 
enhance the cognitive function of patients (the Paced Auditory Serial Addition 
Task: standardized mean deviation (SMD) = 3.57, 95% confidence interval (CI) 
(2.60, 4.54), P < 0.00001). Subgroup analyses showed that the adjunctive use of 
tDCS at 15 sessions (Clinical Global Impression-Schizophrenia scale: SMD= 
-0.56, 95% CI (-0.87, -0.25), P=0.0004) or twice daily (Clinical Global 
Impression-Schizophrenia scale: SMD= -0.85, 95% CI (-1.67, -0.03), P=0.04) 
also decreased the disease severity. 
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Discussion: This exploratory meta-analysis revealed that tDCS in the treatment 
of schizophrenia appears capable of improving cognitive function and effectively 
reducing the severity of the disease. What’s more, tDCS has great development 
potential in schizophrenia, and it may be written into the guidelines for non-drug 
treatment of schizophrenia in the future. As a matter of fact, this exploratory 
study points out the direction for future scientific research and clinical practice. 

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/, 
identifier CRD420251002632. 
KEYWORDS 

transcranial direct current stimulation, cognitive function, schizophrenia, systematic 
review, meta-analysis 
1 Introduction 

Schizophrenia is a common severe mental illness. As of 2022, 
approximately 24 million people worldwide suffer from schizophrenia 
(1). The large number of people affected by schizophrenia is the first 
major difficulty that schizophrenia poses to families and society. 
Patients with acute schizophrenia are prone to excessive behavior, 
which brings harm to their families and society. Correspondingly, 
people with chronic schizophrenia have a higher rate of disability later 
in life (2). Antipsychotic therapy is the mainline of treatment for 
schizophrenia; However, approximately 1/3 of patients do not respond 
to treatment (3). This is the second major difficulty that schizophrenia 
brings to society. In fact, even patients who have a clear response to 
existing drug treatments and experience symptom relief still have a 
significant risk of relapse when faced with stressors (4). The high 
recurrence rate is the third major challenge in completely overcoming 
schizophrenia. Moreover, the pathological mechanism of 
schizophrenia is quite complex, involving metabolic disorders and 
abnormal protein function (5). Cognitive dysfunction is a core 
symptom of schizophrenia, and this irreversible damage to 
neurological function poses a significant challenge to the recovery of 
patients (6). The above challenges have brought great pressure on 
patients with schizophrenia, their families and even society. Therefore, 
there is an urgent need to optimize existing treatment options and find 
more efficient treatment measures in the field of psychiatry. 

Despite the fact that the majority of antipsychotics have an 
impact on the mental symptoms experienced by individuals 
diagnosed with schizophrenia, they are ineffective in the recovery 
of cognitive function (7). This is particularly evident in their 
inability to enhance working memory deficits in patients. The 
cognitive decline is multifaceted, encompassing symptoms such as 
memory loss, impaired learning ability, and inattention (8). A 
significant proportion of patients diagnosed with schizophrenia, 
specifically 85%, exhibit cognitive impairment (9). 
02 
Transcranial electrical stimulation has long been used in 
psychiatric diseases (10), and studies have confirmed that the 
adjunctive use of transcranial alternating current stimulation can 
alleviate both total and negative neuropsychiatric symptoms in 
patients with schizophrenia (11). Similarly, transcranial direct 
current stimulation (tDCS) is also a common non-invasive 
treatment and is currently widely used in Parkinson’s disease (12, 
13), stroke (14, 15), depression (16–18), attention-deficit/ 
hyperactivity disorder (19), insomnia (20) and impairment of 
cognitive function (21, 22). In recent years, tDCS is also 
considered to have the characteristics of improving delusion and 
social function of schizophrenia patients (23, 24). In addition, some 
scholars have found that tDCS can relieve the negative symptoms of 
schizophrenia patients and improve working memory (25). 
However, not all tDCS have obtained satisfactory scientific 
research results. Previous studies have also revealed negative 
results of tDCS in the treatment of schizophrenia (26, 27). 
Therefore, in the face of confused results, it is difficult for 
clinicians to determine the efficacy of tDCS in schizophrenia, let 
alone make direct clinical decisions. Although the efficacy of tDCS 
in schizophrenia has been explored in recent years by meta-analyses 
(26, 28, 29), especially demonstrating its potential to improve 
working memory deficits in patients (29), however, the studies 
included in these meta-analyses confounded schizophrenia, 
schizoaffective disorder, delusional disorder, affective disorder, 
and borderline personality disorder, and therefore, we believe that 
methodological flaws impair the reliability of the conclusions of 
these meta-analyses. 

In order to fill this research gap, we hypothesized that tDCS 
may improve cognitive function in schizophrenia, and conducted 
this systematic review and exploratory meta-analysis to evaluate the 
clinical efficacy of tDCS in schizophrenia, providing a reference for 
clinicians to develop treatment plans and policymakers to formulate 
schizophrenia treatment policies. 
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2 Method 

Under the guidance of the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA), we have 
completed the process of literature retrieval and screening, literature 
quality evaluation, data extraction and analysis. This research plan was 
registered in PROSPERO (https://www.crd.york.ac.uk/PROSPERO/ 
home) in advance (CRD420251002632). 
2.1 Search strategy 

We searched the PubMed, Embase and Web of Science (WOS) 
databases for tDCS studies related to schizophrenia, with the 
literature spanning from the time of library construction to 
March 2025, and developed search strategies through a 
combination of subject and free terms (see Supplementary 
Material). The main subject terms include: “schizophrenias”, 
“dementia praecox”, “schizophrenic disorders”, “disorder, 
schizophrenic”, “disorders, schizophrenic”, “schizophrenic 
disorder”, “anodal stimulation transcranial direct current 
stimulation”, “cathodal stimulation transcranial direct current 
stimulation”, “transcranial alternating current stimulation”, 
“repetitive transcranial electrical stimulation”, “transcranial 
electrical stimulation”. Two researchers independently conducted 
literature searches, and any disagreements were resolved by a senior 
literature research expert. Relevant literature was retrieved using a 
predefined search strategy, and the searched documents were then 
imported into NoteExpress (version 4.1.0) software. 
2.2 Inclusion and exclusion criteria 

2.2.1 Inclusion criteria 
 

Fron
1. Research type: Randomized controlled trial studies. 
2. Participants: Patients with schizophrenia diagnosed by the 

Diagnostic and Statistical Manual of Mental Disorders 
(DSM) or International Classification of Diseases (ICD)-10. 

3. Interventions: tDCS alone or tDCS + basic therapy. 
4. Control: basic therapy. 
5.	 Outcomes: the Positive and Negative Syndrome Scale 

(PANSS), the Scale for the Assessment of Negative 
Symptoms (SANS), the Auditory Hallucinations Rating 
Sca l e  (AHRS) ,  Ca lgary  Depres s ion  Sca l e  f o r  
Schizophrenia (CDSS), Clinical Global Impression-

Schizophrenia scale (CGI), the Paced Auditory Serial 
Addition Task (PASAT). 

6. Language: English. 
2.2.2 Exclusion criteria 

1. Directly repeating literature or publishing literature with 

duplicated data. 
2. Literature involving other diseases or literature not related 

to tDCS research. 
tiers in Psychiatry 03	 
3. Literature in the form of reviews and letters. 
4. Animal researches. 
5.	 Review, Mendelian randomization study, protocol, 

case report. 
6. The data are incomplete or the data cannot be extracted. 
7. Documents unable to obtain full text. 
8. self-control study before and after. 
2.3 Data extraction 

After the final inclusion of the literature was determined 
according to the screening criteria, two researchers began to 
independently extract relevant information of the included 
literature. Firstly, record the extracted author names, publication 
years, titles, diagnostic criteria, interventions, sessions and 
frequency of interventions, and outcome measures in an Excel 
spreadsheet. In case of discrepancies, a third researcher will be 
invited to discuss and reach a consensus. In this meta-analysis, the 
PASAT, a cognitive function evaluation indicator, was utilized as 
the primary outcome indicator, with the remaining indicators 
serving as secondary outcome indicators. 
2.4 Quality assessment 

Systematic review was carried out using the methodology and 
quality evaluation standards of the Cochrane handbook, and the 
quality evaluation of 7 items for each included literature was carried 
out (30): random sequence generation, allocation concealment, 
blinding, outcome assessment bias, incomplete reporting, selective 
reporting, other biases, each item is rated on 3 levels: low risk, high 
risk, and unclear. If an item in the literature is evaluated as low risk 
or high risk, it indicates that it is impossible to change the result 
seriously or the result can be questioned, and if it is unclear, the 
scientific research credibility of the result will be seriously

weakened. Furthermore, the Jadad scale was utilized to evaluate 
the quality of the included articles. The total score is determined by 
the quality of the submission, with 1–2 points allocated for low 
quality and 3–5 points for high quality. The Jadad scale is a tool 
designed to assess the methodological quality of randomized 
controlled trials in clinical research. It focuses on four key 
aspects: randomization, blinding, withdrawal and dropouts. 
Finally, we also used grade evaluation to assess each outcome. 
2.5 Statistical analyses 

Statistical analyses were performed applying RevMan software 
(Cochrane Review Manager Version 5.4, Oxford, UK) provided by 
the Cochrane Collaboration Network, and measurements were 
expressed as standardized mean deviation (SMD) and 95% 
confidence intervals (95% CI). To test the heterogeneity of the 
included research literature, when the test results were P ≥ 0.1 or I2 
frontiersin.org 
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< 50, a fixed effect model was used for meta-analysis; Otherwise, a 
random effects model was used for the exploratory meta-analysis 
and attempts were made to analyze sources of heterogeneity (30). 
Funnel plot was drawn by software, and the included literature was 
analyzed for publication bias according to whether the funnel plot 
was symmetrically distributed or not. The leave one out method was 
used to sequentially exclude each included study to evaluate the 
robustness of the combined effect of the remaining studies through 
sensitivity analysis (30). Previous studies have found that treatment 
sessions and intervention frequency can affect the clinical efficacy of 
tDCS (26), so, this study attempts to conduct subgroup analysis 
based on treatment sessions and intervention frequency. 
3 Results 

3.1 Literature search and study selection 

Based on the pre-specified inclusion and exclusion criteria, we 
retrieved relevant literature from PubMed, Embase and WOS 
Frontiers in Psychiatry 04
databases, respectively. After removing duplicate documents and 
reading titles and abstracts, 71 documents were read in full, and 11 
articles were finally included in this meta-analysis (25, 31– 
40) (Figure 1). 
3.2 Study characteristics 

The 11 articles included in this exploratory study involved a 
total of 468 individuals, with 240 in the active tDCS group and 228 
in the sham tDCS group. The sample size for a single article varied 
from 16 to 100. The years of publication included in the literature 
were 2016 to 2024, and the intervention was 10 sessions or 15 
sessions. What’s more, patients included in 4 articles included left 
handedness and right handedness (25, 31, 33, 39), 6 articles only 
included right handedness (32, 34–36, 38, 40), however, the 
remaining 1 article did not mention handedness (37). In addition, 
1 article clearly stated that patients with paranoid schizophrenia or 
disorganized schizophrenia were recruited (39). The basic 
characteristics of the included literature are shown in Table 1. 
FIGURE 1 

Flowchart of Literature Retrieval and Screening. WOS, Web of Science. 
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3.3 Quality assessment 

The 11 literature included in this exploratory study showed 
overall high quality, with low risk of bias occupying the main 
position in all seven dimensions (Figure 2A). Ten articles pointed 
out clear random grouping methods, such as computer-generated 
random number list (25, 34–40), block randomization (31), 
enveloped randomization (32), however, the remaining one paper 
only proposed randomization, but did not report the specific 
randomization method (33). The implementation of the nine 
studies conformed to the principle of allocation concealment (25, 
32, 34–40), the remaining two studies did not report assignment 
concealment (31, 33). All studies implemented appropriate blinding 
procedures. Four studies generated dropout cases (31, 35, 38, 40), 
which could lead to attrition bias (Figure 2B). Six articles reported 
adverse events (25, 35–37, 39, 40). Moreover, 7 articles have 
completed follow-up (31, 32, 34, 35, 37, 39, 40). Utilizing the 
Jadad scale score, two articles were categorized as low quality, 
Frontiers in Psychiatry 05 
while the remaining articles were designated as high quality 
(Table 2). Grade reviews found that Pasat and CDSS had 
Moderate and High levels of evidence, respectively, and other 
outcomes were low (Supplementary Table 1). 
3.4 Primary outcome 

3.4.1 PASAT 
Two articles reported post-intervention PASAT results (10 

sessions, once daily) (31, 32), involving 72 subjects, including 40 
and 32 in active tDCS and  sham  tDCS, respectively.  The
heterogeneity test results showed no significant heterogeneity (P= 
0.65, I2 = 0%), however, given the small sample size, so the random 
effect model was selected. The results showed that the pooled effect 
size SMD= 1.72, 95% CI (1.17, 2.28), P<0.00001 (Figure 3). The 
exploratory analysis results showed that at the PASAT level, active 
tDCS seemed to be able to show intervention advantages. 
TABLE 1 Basic characteristics of included literature. 

Author Year Diagnostic 
criteria 

NO. 
interventiona 

Intervention NO. 
controla 

Control Sessions 
and 

frequency 

Outcome 

Mondino, 
Marine (33) 

2016 DSM-IV-TR 11 active 
tDCS+medications 

12 sham 
tDCS+medications 

10 sessions, 
twice daily 

AHRS 

Palm, 
Ulrich (39) 

2016 DSM-IV 10 active 
tDCS+medications 

10 sham 
tDCS+medications 

10 sessions, 
once daily 

PANSS, 
SANS 

Jeon, Dong-
Wook (31) 

2018 DSM-V 28 active 
tDCS+medications 

28 sham 
tDCS+medications 

10 sessions, 
once daily 

PANSS, 
SANS, 
CDSS, CGI 

Bose, 
Anushree (38) 

2018 DSM-IV 12 active 
tDCS+medications 

13 sham 
tDCS+medications 

10 sessions 
twice daily 

AHRS 

Smith, Robert 
C (35) 

2020 DSM-V or 
DSM-IV 

24 active 
tDCS+medications 

25 sham 
tDCS+medications 

10 sessions, 
once daily 

PANSS, 
SANS, 
PASAT 

Valiengo, 
Leandro Da 
Costa 
Lane (37) 

2020 DSM-IV 50 active 
tDCS+medications 

50 sham 
tDCS+medications 

10 sessions 
twice daily 

PANSS, 
SANS, 
AHRS, CDSS 

Dharani, 
Ramamoorthy 
(32) 

2021 ICD-10 8 active 
tDCS+medications 

8 sham 
tDCS+medications 

10 sessions 
twice daily 

SANS, CGI 

Lisoni, 
Jacopo (25) 

2022 DSM-V 25 active 
tDCS+medications 

25 sham 
tDCS+medications 

15 sessions, 
once daily 

PANSS, 
SANS, CGI 

Liu, Yong (34) 2022 DSM-V 16 active 
tDCS+medications 

11 sham 
tDCS+medications 

10 sessions, 
once daily 

PASAT 

Zhou, Yue (36) 2023 DSM-IV 21 active 
tDCS+medications 

17 sham 
tDCS+medications 

15 sessions, 
once daily 

PANSS, 
SANS 

Lyu, 
Xiaoli (40) 

2024 DSM-IV 35 active 
tDCS+medications 

29 sham 
tDCS+medications 

15 sessions, 
once daily 

PANSS, 
SANS 
aData were extracted based on random assignment. DSM-IV, the Diagnostic and Statistical Manual of Mental Disorder, fourth edition; DSM-V, the Diagnostic and Statistical Manual of Mental 
Disorder, fifth edition; DSM-IV-TR, the Diagnostic and Statistical Manual of Mental Disorders, fourth edition, text revision; ICD-10, International Classification of Diseases, 10th revision; tDCS, 
transcranial direct current stimulation; AHRS, the Auditory Hallucinations Rating Scale; PANSS, the Positive and Negative Syndrome Scale; SANS, the Scale for the Assessment of Negative 
Symptoms; CDSS, Calgary Depression Scale for Schizophrenia; CGI, Clinical Global Impression-Schizophrenia scale; PASAT, the Paced Auditory Serial Addition Task. 
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FIGURE 2 

Summary of risk of bias in the meta-analysis. (A) the percentage of ratings for 11 articles across seven items. (B) The score distribution of each article 
on seven items. Green, yellow and red represent low risk of bias, unclear risk of bias and high risk of bias respectively. 
TABLE 2 The results of Jadad scale score. 

Author Year Randomization Double blinding Withdrawals and dropouts Total scores 

Mondino, Marine (33) 2016 1 2 0 3 

Palm, Ulrich (39) 2016 2 2 1 5 

Jeon, Dong-Wook (31) 2018 2 2 0 4 

Bose, Anushree (38) 2018 2 2 1 5 

Smith, Robert C (35) 2020 2 0 0 2 

Valiengo, Leandro Da Costa Lane (37) 2020 2 2 1 5 

Dharani, Ramamoorthy (32) 2021 2 2 1 5 

Lisoni, Jacopo (25) 2022 2 2 1 5 

Liu, Yong (34) 2022 2 0 0 2 

Zhou, Yue (36) 2023 2 2 0 4 

Lyu, Xiaoli (40) 2024 2 2 1 5 
F
rontiers in Psychiatry 
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Two articles were classified as low quality, while the remaining articles were designated as high quality. 
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3.5 Secondary outcomes 

3.5.1 PANSS 
Seven articles reported PANSS results after intervention (25, 31, 

35–37, 39, 40), involving 357 participants, including 183 in active 
tDCS and 174 in sham tDCS, respectively. The heterogeneity test 
results showed significant heterogeneity (P=0.0001, I2 = 80%), so 
the random effect model was selected. The analysis results showed 
that the combined effect size SMD=0.04, 95% CI (-0.45, 0.53), 
P=0.87 (Figure 4A). The analysis results showed that, at the 
PANSS level, active tDCS did not show a significant intervention 
advantage and there was significant heterogeneity (P=0.0001, I2 = 
80%). Therefore, we attempted to explore the sources of 
heterogeneity by the sessions of treatment and the frequency of 
intervention. Active tDCS did not show a significant intervention 
advantage in the 10 sessions and 15 sessions subgroups (P=0.93, 
P=0.95), nor did active tDCS at once daily and twice daily 
(P=0.81, P=0.39). 

3.5.2 SANS 
Eight articles reported post-intervention SANS outcomes (25, 

31, 32, 35–37, 39, 40), involving 371 subjects, with 190 and 181 in 
active tDCS and sham tDCS, respectively. Heterogeneity test results 
showed that there was obvious heterogeneity (P=0.004, I2 = 67%), 
so the random effect model was selected. The analysis results 
showed that the pooled effect size SMD= -0.21, 95% CI (-0.59, 
0.17), P=0.28 (Figure 4B). The results of the analysis showed that, at 
the SANS level, active tDCS did not show a clear intervention 
advantage, and there was obvious heterogeneity (P=0.004, I2 = 
67%). Therefore, we attempted to explore the sources of 
heterogeneity with sessions and frequency of intervention. In the 
subgroups of 10 and 15 treatment sessions, active tDCS did not 
demonstrate a significant intervention advantage (P=0.51, P=0.51), 
nor did active tDCS at both once daily and twice daily frequencies 
(P=0.46, P=0.27). 

3.5.3 AHRS 
Three articles reported the results of AHRS after 10 sessions 

intervention (twice daily) (33, 37, 38), involving 148 subjects, 
including 73 in active tDCS and 75 in sham tDCS, respectively. 
Heterogeneity test showed significant heterogeneity (P=0.0002, I2 = 
88%), therefore, random effect model was selected. The analysis 
results showed that the combined effect SMD= -0.52, 95% CI (-1.70, 
Frontiers in Psychiatry 07 
0.66), P=0.39 (Figure 5A). The results of the analysis showed that at 
the AHRS level, active tDCS did not show a significant intervention 
advantage, and there was significant heterogeneity (P=0.0002, I2 

= 88%). 

3.5.4 CDSS 
Two articles reported the CDSS results after 10 sessions 

intervention (31, 37), involving 152 subjects, including 75 and 77 
in active tDCS and sham tDCS respectively. The heterogeneity test 
results showed that there was no significant heterogeneity (P=0.70, 
I2 = 0%), however, given the small sample size, so the random effect 
model was selected. The results showed that the pooled effect size 
was SMD= -0.19, 95% CI (-0.51, 0.13), P=0.23 (Figure 5B). The 
analysis results showed that active tDCS did not show significant 
intervention advantages at the CDSS level. 

3.5.5 CGI 
Three articles reported CGI outcomes after intervention (25, 31, 

32), involving 116 subjects, with 57 and 59 subjects in active tDCS 
and sham tDCS, respectively. The heterogeneity test results showed 
that there was significant heterogeneity (P=0.005, I2 = 81%),

therefore, a random effect model was selected. The analysis results 
showed combined effect size SMD= -0.53, 95% CI (-1.48, 0.41), 
P=0.27 (Figure 5C). The analysis results indicated that at the CGI 
level, active tDCS did not show a significant intervention advantage, 
and there was considerable heterogeneity (P=0.005, I2 = 81%). 
Therefore, we attempted to explore the sources of heterogeneity 
using treatment sessions and intervention frequency. In the 
subgroup of 15 sessions, active tDCS showed a significant 
intervention advantage (P=0.001), whereas in the subgroup of 10 
sessions, active tDCS and sham tDCS did not show a statistical 
difference (P=0.66). On the frequency of twice daily, active tDCS 
showed obvious intervention advantages (P=0.04), while on the 
frequency of once daily, active tDCS failed to show obvious 
intervention advantages (P=0.57). 
3.6 Publication bias 

Considering the larger number of articles reporting on PANSS 
and SANS, the present study measured publication bias represented 
by PANSS and SANS. The funnel plot indicated that the literature 
did not distribute symmetrically on both sides of the dashed line 
FIGURE 3 

Forest plot of tDCS for schizophrenia measured by PASAT. At the PASAT levels, active tDCS showed a significant intervention advantage. tDCS, 
transcranial direct current stimulation; CI, confidence interval; PASAT, the Paced Auditory Serial Addition Task. 
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(Figure 6). Frankly speaking, this study may be affected by 
publication bias. 
3.7 Sensitivity analysis 

We measured the sensitivity of each outcome using the leave one 
out method and found that the conclusions of this study are robust, 
meaning that the conclusions obtained after removing any single piece 
of literature are basically consistent with the original conclusions. 
4 Discussion 

4.1 Principal findings and clinical 
implications 

The present study objectively evaluated the clinical efficacy of 
tDCS in the treatment of schizophrenia to the greatest extent 
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possible through exploratory meta-analysis. The results showed 
that tDCS improved the PASAT score of schizophrenia patients, 
and intervention at 15 sessions or twice daily could also reduce the 
severity of the disease. Unfortunately, however, the therapeutic 
advantages of tDCS were not observed on PANSS, SANS, AHRS 
and CDSS. Therefore, frankly speaking, this is an exploratory 
research progress in the adjuvant use of tDCS in the treatment of 
schizophrenia. This study provided a new perspective and potential 
non-invasive intervention for the treatment of schizophrenia by 
verifying the effectiveness of TDCS in improving cognitive 
impairment and overall disease severity in patients with 
schizophrenia. It is worth noting that current research progress 
indicates that tDCS has the potential for home-based treatment, 
which means that future treatments will be more convenient, 
significantly reducing the burden on patients of frequent hospital 
visits, and improving the accessibility of treatment and patient 
compliance (41). Compared with drug therapy or traditional 
neuromodulation technology requiring special equipment and 
personnel, tDCS, as a technology with relatively simple operation, 
FIGURE 4 

Forest plot of tDCS for schizophrenia measured by PANSS and SANS. At the PANSS and SANS levels, active tDCS did not show a significant 
intervention advantage. (A) PANSS, (B) SANS. tDCS, transcranial direct current stimulation; CI, confidence interval; PANSS, the Positive and Negative 
Syndrome Scale; SANS, the Scale for the Assessment of Negative Symptoms. 
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good tolerance and few side effects, is expected to be a useful 
supplement to the existing treatment schemes, and even provide 
new hope for some patients who have poor drug response or 
intolerance. What’s more, tDCS could complement existing 
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antipsychotics—which show limited efficacy for cognitive 
symptoms—to bridge the current treatment gap. This study not 
only provided strong evidence support for the clinical application of 
tDCS in the treatment of schizophrenia, but also highlighted its 
FIGURE 5 

Forest plot of tDCS for schizophrenia measured by AHRS, CDSS and CGI. At the AHRS, CDSS and CGI levels, active tDCS did not show a significant 
intervention advantage. (A) AHRS, (B) CDSS, (C) CGI. tDCS, transcranial direct current stimulation; CI, confidence interval; AHRS, the Auditory 
Hallucinations Rating Scale; CDSS, Calgary Depression Scale for Schizophrenia; CGI, Clinical Global Impression-Schizophrenia scale. 
FIGURE 6 

Results of publication bias assessment represented by PANSS and SANS. (A) PANSS, (B) SANS. 
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unique advantages as a convenient and accessible treatment 
modality. By enhancing working memory, attention, and 
executive functions, tDCS may enable more effective engagement 
in psychosocial interventions, ultimately promoting long-term 
recovery. It laid the foundation for further in-depth research on 
the mechanism of action of tDCS, optimization of stimulation 
parameters, and exploration of its combined application with 
other therapies. 
4.2 Comparison to previous studies 

It is well known that tDCS has been controversial in improving 
cognitive function and reducing severity in patients with 
schizophrenia (42). In fact, in recent years, studies have 
confirmed that 10 sessions treatment can benefit patients with 
schizophrenia clinically (42). However, inconsistent with our 
findings, we found that receiving 15 sessions of tDCS reduced the 
severity of the disease, which may be the result of differences in the 
articles included. Previous meta-analyses have suggested that twice-
daily tDCS can alleviate auditory hallucinations in schizophrenia 
(26), which is consistent with our research findings in frequency. 
Our conclusion is that twice-daily, not once-daily, tDCS can reduce 
the severity of schizophrenia. Previous studies have also found that 
increasing treatment frequency is associated with more significant 
efficacy (43). 
 

4.3 Mechanisms by which tDCS improve 
cognitive function and reduce severity in 
patients with schizophrenia 

We found that tDCS could significantly improve PASAT scores in 
patients with schizophrenia. PASAT is an effective neuropsychological 
assessment tool that can be used to evaluate cognitive function in 
patients with schizophrenia (44). Patients with schizophrenia 
commonly exhibit impairments across multiple cognitive domains, 
including attention, working memory, information processing speed, 
and executive function, and the PASAT is uniquely capable of 
simultaneously assessing these critical cognitive abilities. The DLPFC 
is a core region of the brain’s executive control network, primarily 
responsible for working memory, attention control, and cognitive 
flexibility (45). The cognitive components assessed by PASAT 
heavily rely on  DLPFC  function, as cognitive  control requires the

DLPFC to coordinate multiple processes, including auditory input, 
memory retrieval, arithmetic computation, and verbal output. This 
provides important insights into the neural mechanisms underlying 
tDCS-mediated improvements in cognitive function in patients with 
schizophrenia. Many scholars have explored the mechanism of tDCS 
from multiple perspectives.① Brain regions associated with cognitive 
function were selected for intervention: left dorsolateral prefrontal 
cortex (DLPFC), left temporo-parietal junction (TPJ), and 
orbitofrontal cortex. The left DLPFC is the target area to improve 
working memory (24), and it is also the target area most related to 
working memory. The above study found that for improved cognitive 
Frontiers in Psychiatry 10 
performance, it was necessary to place the anode electrode of tDCS on 
the left DLPFC, while  the position of the  cathode did  not seem to

matter much (24). Cognitive empathy is abnormal in patients with 
schizophrenia, and the left TPJ is the  key area to regulate cognitive

empathy. Patients with schizophrenia have reduced cortical thickness 
in the TPJ (46). Moreover, patients with schizophrenia showed an 
abnormal pattern of decreased activation in the TPJ when performing 
cognitive empathy tasks (47). First-episode schizophrenia patients 
show smaller orbitofrontal cortical volume (48), reduced cortical 
plasticity (49), and decreased thalamo-orbitofrontal cortical pathway 
connectivity (50), leading to altered neural signals. What’s more,  tDCS  
can improve the motor skills learning by activating different brain 
regions (51) and attention function, particularly in improving executive 
effect performance (52, 53). ② Regulating neuronal activity and 
promoting neural plasticity. A recent study suggested that tDCS 
improves cognitive function in patients with schizophrenia by 
regulating internal neural activity and networks through externally 
applied currents, thereby regulating neural plasticity, particularly 
semantic processing deficits (54). In addition, there are studies 
suggesting that tDCS induces neurochemical changes through weak 
currents and regulates the excitability of neurons (55). Recently, it has 
been suggested that working memory deficits in schizophrenics are 
affected by irregularities in the posterior parietal cortex, in addition to 
being related to the DLPFC. What’s more, tDCS can improve the 
working memory level  of  schizophrenic patients by stimulating the 
DLPFC and the posterior parietal cortex to enhance the function of N
methyl-d-aspartate receptor (56). In fact, it has been demonstrated that 
tDCS enhances neuroplasticity and learning (6, 57). 
4.4 Strength and limitation 

Compared to previous meta-analyses, this study has significant 
advantages. Firstly, we strictly controlled the diagnostic criteria 
when screening literature. The previous meta-analysis focused on 
schizophrenia, but included patients with other diseases, such as 
schizoaffective disorder, delusional disorder, affective disorder and 
borderline personality disorder (26–29, 42, 58–61). We believe that 
such articles would add many confounding factors, making the 
aggregated data unreliable. Secondly, we referred to the previous 
literature (26), according to the sessions and frequency of subgroup 
analysis, so that the conclusion of the study is more detailed, and is 
of more guiding value for clinical operation. Moreover, recent 
studies have shown that tDCS has great potential in the field of 
neurocognition and can also have an impact on updating 
contingency based associations (62–64). Frankly, our research has 
some shortcomings. First, although we precisely controlled for 
schizophrenia in disease diagnosis, schizophrenia can be further 
subdivided into multiple subtypes, such as paranoid schizophrenia 
and disorganized schizophrenia. The proportion of different 
subtypes may also be one of the sources of heterogeneity in this 
study. Second, we found, when reading the literature, that the 
included studies accounted for handedness, and the proportion of 
left and right handedness may also be a factor of bias. Third, 
although we observed significant therapeutic effects on CGI and 
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PASAT, tDCS did not demonstrate therapeutic advantages in other 
outcomes—a divergence that may stem from differences in the 
targeted domains of these measures, as well as the regionally specific 
and pathway-dependent mechanisms of tDCS. Due to the 
inconvenience of data merging, we did not quantitatively analyze 
the adverse event and discontinuation. Therefore, we speculate that 
tDCS may not be effective in every symptom group of 
schizophrenia, and the mechanism of tDCS needs further 
exploration. A fourth limitation of our study stems from the 
relatively small number of eligible documents identified, despite 
our stringent inclusion criteria aimed at enhancing research 
reliability. This rigorous screening process, combined with the 
inherently small sample sizes of some original studies, resulted in 
a relatively weak foundation for our pooled data. Consequently, the 
findings of this meta-analysis should be viewed as exploratory 
rather than providing definitive or conclusive evidence. 
Furthermore, the presence of high heterogeneity and significant 
publication bias represents crucial factors that diminish the strength 
of our conclusions. High heterogeneity indicates substantial 
variations among the included studies concerning design, 
intervention protocols, or participant characteristics, which 
mandates particular caution when interpreting pooled analysis 
results. Concurrently, the observed publication bias suggests that 
positive findings might have been preferentially published, 
potentially  distorting  the true effect size estimation.  These
elements further underscore the exploratory nature of this study, 
rather than offering definitive conclusions to guide clinical practice. 
Future investigations must address these challenges through more 
rigorously designed and comprehensively reported studies to 
provide more robust evidence regarding tDCS efficacy. 
4.5 Inspiration for the future 

Although there is an emerging awareness regarding the use of 
tDCS for the treatment of schizophrenia, and tDCS has begun to 
appear in clinical guidelines (65), the current exploration is still in 
its early stages. In addition to this study’s findings that tDCS has an 
effect on cognitive function, more comprehensive trial protocols are 
needed for other core symptoms, particularly in conjunction with 
other intervention methods. 
5 Conclusion 

While this exploratory meta-analysis provides initial insights, the 
available evidence is not yet conclusive regarding the definitive efficacy 
of tDCS in enhancing cognitive function among individuals with 
schizophrenia. Encouragingly, our preliminary exploratory analyses 
suggest that tDCS may possess therapeutic utility. To advance this field, 
there is a pressing need for future investigations to implement more 
standardized tDCS stimulation protocols and conduct larger, well-
designed randomized controlled trials that can  yield more definitive 
evidence for its clinical application, particularly with respect to other 
outcomes, such as PANSS, SANS, AHRS, and CDSS. 
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