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nificantly higher (p < 0.05). Patients in the cognitive im-
provement group had a significantly shorter disease dura-
Abstract tion compared to those in the non-improvement group (p
strac

Objective: This study aims to identify predictive fac-
tors for significant cognitive improvement following tran-
scranial direct current stimulation (tDCS) in patients with
post-stroke cognitive impairment (PSCI), thereby provid-
ing evidence for individualized clinical intervention.

Methods: A total of 123 patients with PSCI who
received tDCS treatment were retrospectively enrolled.
Based on changes in Mini-Mental State Examination
(MMSE) scores, patients were classified into a cogni-
tive improvement group (n = 61) and a non-improvement
group (n = 62). Baseline clinical characteristics were col-
lected, and activities of daily living were using the Mod-
ified Barthel Index (MBI). Univariate analyses were per-
formed to compare differences between the two groups, and
variables with statistical significance in univariate analysis
were further entered into a multivariate logistic regression
model to identify independent predictors of significant cog-
nitive improvement following tDCS treatment.

Results: The proportion of patients with a univer-
sity education or above was significantly in the cognitive
improvement group higher than in the non-improvement
group (p < 0.001); whereas the proportion of patients with
a history of stroke in the non-improvement group was sig-
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< 0.05); meanwhile, a higher proportion of patients with
Fazekas grade 0—1 was observed in the improvement group
(p < 0.05). Results of the multivariate Logistic regression
analysis indicated that educational level and disease dura-
tion were independent predictive factors for significant cog-
nitive improvement after tDCS treatment (p < 0.05).

Conclusion: PSCI patients with higher educational
level and shorter disease duration have a better cognitive
improvement effect following tDCS treatment.

Keywords
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Introduction

Stroke is one of the leading causes of mortality and
disability worldwide. Post-stroke cognitive impairment
(PSCI) is a common complication following stroke, with
an estimated incidence ranging from 20% to 80% [1]. Pa-
tients with PSCI present with deficits across multiple cogni-
tive domains, including memory, attention, executive func-
tion, and language, which significantly impair activities of
daily living and quality of life, thereby imposing a substan-
tial burden on both families and society [2,3]. Currently,
treatment options for PSCI remain limited, primarily in-
cluding pharmacological therapies and cognitive rehabilita-
tion training [4—6]; however, their clinical efficacy remains
unsatisfactory [7]. Therefore, identifying safe and effec-

362 Actas Esp Psiquiatr 2026;54(2):362-368. https://doi.org/10.62641/aep.v54i2.2161 | ISSN:1578-2735
© 2026 The Author(s). This is an open access article under the CC BY 4.0 license.


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0003-5505-3572

Qing Ye, et al.
Post-stroke Cognitive Impairment

Analysis of Predictive Factors for Cognitive Function Improvement After tDCS Treatment in Patients With

tive treatment modalities as well as, elucidating predictors
of treatment response is of paramount importance for im-
proving patient outcomes.

Transcranial direct current stimulation (tDCS) is a
non-invasive neuromodulation technique that alters corti-
cal excitability and neuroplasticity by delivering a low-
intensity current through scalp electrodes, thereby influ-
encing cognitive function [8]. In recent years, tDCS has
attracted increasing attention as a potential intervention
for PSCI. Accumulating evidence suggests that tDCS, par-
ticularly when targeting cognition-related brain regions
such as the left dorsolateral prefrontal cortex (DLPFC),
can enhance cognitive performance in PSCI patients by
promoting the release of key neurotransmitters, including
dopamine and acetylcholine [9,10]. Nevertheless, not all
PSCI patients experience significant cognitive improve-
ment following tDCS. A central challenge is lack of well-
established predictors of treatment response, hindering the
ability to “precisely identify the most suitable candidates”
for tDCS in clinical practice. Consequently, identify-
ing predictive factors that predict therapeutic efficacy and
stratifying patients most likely to benefit from tDCS have
emerged as critical research priorities aimed at enabling
precision medicine in PSCI management.

This study retrospectively analysed clinical data from
PSCI patients who received tDCS treatment to explore
baseline characteristics associated with significant cogni-
tive improvement. The findings aim to provide evidence-
based guidance for individualized clinical decision-making.

Methods

Participants

Patients with PSCI admitted between January 2024
and June 2025 were retrospectively enrolled.

Inclusion criteria: (1) Diagnosis of acute stroke con-
firmed by Magnetic Resonance Imaging (MRI), meeting
established diagnostic criteria for stroke [11]; (2) Clini-
cally stable after acute stroke management, with stable vi-
tal signs, clear consciousness, and no aphasia; (3) Age >18
years; (4) Mini-Mental State Examination (MMSE) score
between 10 and 26 within 6 months after stroke onset [12].
(5) Two weeks before treatment and during the treatment
period, the medication was stable, with no new, adjusted or
deleted drugs related to cognitive function.

Exclusion criteria: (1) History of intellectual disabil-
ity, dementia, or other psychiatric disorders; (2) Contraindi-

cations to tDCS, including skull defects in the stimulated
area, intracranial metallic implants, or a history of epilepsy;
(3) Patients who declined to participate in the study.

Based on changes in MMSE scores following tDCS
treatment, patients were divided into two groups: The
cognitive improvement group (n = 61), defined as an in-
crease in MMSE score >3 points from baseline; The non-
improvement group (n = 62), defined as an increase in
MMSE score <3 points or a decrease from baseline [13—
15]. The study was approved by the Zhejiang Provin-
cial People’s Hospital ethics review board (Approval No.:
2025-285) and conducted in strict compliance with the prin-
ciples outlined in the Declaration of Helsinki. All partici-
pants provided written informed consent before inclusion.

Baseline Data Collection

Baseline data were extracted from the electronic med-
ical record system, including demographic characteristics
(age, sex, educational level), past medical history (his-
tory of hypertension [systolic blood pressure >140 mmHg
and/or diastolic blood pressure >90 mmHg [16], or previ-
ously diagnosed and treated with medication], history of
diabetes mellitus [fasting blood glucose >7.0 mmol/L or
2-hour postprandial blood glucose >11.1 mmol/L [17], or
previously diagnosed and treated with medication], smok-
ing history [cumulative smoking >100 cigarettes, and cur-
rently smoking or quit smoking <1 year], history of al-
coholism [n (%)] [weekly alcohol intake >140 g of pure
alcohol for at least >1 year], history of stroke (yes, no),
family history [first-degree relatives with stroke or cogni-
tive impairment]), disease-related indicators (disease dura-
tion [time from stroke onset to the start of tDCS treatment,
days], brain injury location [classified as left brain, right
brain, brainstem, and multiple locations based on cranial
MRI], stroke type [ischemic/hemorrhagic], Fazekas grad-
ing [18] of white matter lesions [double-blindly evaluated
by 2 neuroradiologists: Grade 0 = no lesions; Grade 1 =
punctate lesions; Grade 2 = patchy confluent lesions; Grade
3 =extensive confluent lesions]), and activities of daily liv-
ing (assessed using the Modified Barthel Index [MBI] [19],
which comprises 10 items including feeding, personal hy-
giene, dressing, toileting, ambulation, and climbing stairs,
the total score of 0—100 points; with higher score indicates
better activities of daily living).

tDCS Treatment Procedures

All patients received treatment using the same tDCS
device (Model A620P, Volcan Medical Technology Co.,
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Table 1. Comparison of demographic characteristics between the two groups.

Variables Improvement group (n=61)  Non-Improvement group (n = 62) T/x? p value
Age (years, T £ s) 59.98 £ 14.73 63.11 £ 14.81 1.175 0.243
Gender [n (%)] 1.542 0.214

Male 42 (68.85) 36 (58.06)

Female 19 (31.15) 26 (41.94)
Education level [n (%)] 16.374  <0.001

Illiterate 6(9.83) 7(11.29)

Primary school 13 (21.31) 23 (37.10)

Middle school 22 (36.07) 29 (46.77)

University degree or above 20 (32.79) 3(4.84)
History of hypertension [n (%)] 38 (62.29) 42 (67.74) 0.401 0.526
History of diabetes mellitus [n (%)] 14 (22.95) 16 (25.81) 0.136 0.712
Smoking history [n (%)] 21 (34.43) 17 (27.42) 0.707 0.400
History of alcoholism [n (%)] 20 (32.79) 16 (25.81) 0.724 0.395
History of stroke [n (%)] 5(8.20) 11 (17.74) 8.726 0.033
Family history [n (%)] 8 (13.11) 9(14.52) 1.060 0.589

Ltd., Nanjing, Jiangsu, China). Treatment parameters fol-
lowed international guidelines [20,21]: The F3 region was
selected as the left DLPFC according to the 10-20 EEG
system. The anode electrode was placed over the DLPFC,
while the cathode over the contralateral (right) orbital re-
gion; stimulation was set at an intensity of 2 mA for 20
minutes per session, administered five times per week for 4
consecutive weeks (total of 20 sessions). All sessions were
conducted under the supervision of a qualified rehabilita-
tion physician.

Cognitive Function Assessment

Cognitive function was evaluated by experienced re-
habilitation therapists using the MMSE before and after the
tDCS treatment. The MMSE comprises five domains: ori-
entation (to time and place), memory (immediate and de-
layed recall), attention and calculation, language (naming,
repetition, reading comprehension), and visuospatial ability
(drawing). The total score ranges from 0 to 30, with higher
scores indicating better cognitive function [22].

Statistical Analyses

Statistical analyses were performed using SPSS ver-
sion 26.0 (IBM Corp., Armonk, NY, USA). The con-
tinuous variables were assessed using the Shapiro-Wilk
method. Normally distribution data are presented as mean
+ standard deviation (Z =+ s), and skewed distribution vari-
ables are expressed as median (25% and 75% quartiles).
Comparisons between groups were conducted using the
independent-samples ¢-test. Categorical variables are ex-

pressed as frequencies (percentages) [n (%)], with between-
group comparisons performed using the chi-square (x2) test
or Fisher’s exact test when expected cell counts were less
than 5. Variables with a p value < 0.1 in the univariate
analyses were included in a multivariate logistic regression
model using the stepwise method to identify independent
predictors of significant cognitive improvement. A two-
sided p value < 0.05 was considered statistically signifi-
cant.

Results
Demographic Characteristics

The proportion of patients with a university education
or above in the cognitive improvement group was higher
than that in the non-improvement group (p < 0.001); the
proportion of patients with a history of stroke who had no
significant cognitive improvement after tDCS treatment (p
< 0.05). No statistically significant differences in age, gen-
der distribution, or other medical histories between the two
groups (p > 0.05), as shown in Table 1.

Disease-related Indicators and Activities of Daily Living

The disease duration was significantly shorter in
the cognitive improvement group than that in the non-
improvement group (p < 0.05); the proportion of patients
with Fazekas grade 0—1 in the cognitive improvement group
was higher than that in the non-improvement group (p <
0.05); No statistically significant differences in the distri-
bution of brain injury location, stroke type, or pre-treatment
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Table 2. Comparison of disease-related indicators and MBI scores between the two groups.

Variables Improvement group (n=61)  Non-Improvement group (n=62)  T/x*>  p value
Disease duration (Days, T =+ s) 25(13.545) 35 (20-65) 2.528 0.013
Brain injury location [n (%)] 2.304 0.743
Left brain 24 (39.34) 20 (32.26)
Right brain 31(50.82) 34 (54.84)
Brainstem 4 (6.56) 3 (4.86)
Multiple locations 2(3.28) 4 (6.45)
Stroke type [n (%)] 0.076 0.782
Ischemic 33 (54.10) 32(51.61)
Hemorrhagic 28 (45.90) 30 (48.39)
Fazekas garde [n (%)] 9.262 0.026
0-1 garde 54 (88.52) 46 (74.19)
2-3 garde 7(11.48) 16 (25.81)
MBI score (Z =+ s) 30.90 + 3.27 37.42 +£2.00 1.482 0.141
MBI, Modified Barthel Index.
Table 3. Multivariate Logistic regression analysis.
B SE Wald  p value OR 95% CI
Age 0.002 0.017  0.011 0.916 1.002 0.969~1.035
Disease duration -0.022  0.008 7.635 0.006 0.978 0.963~0.993
Primary school -0.234  0.721  0.105 0.745 0.791 0.192~3.251
Middle school -0.003  0.728 0.000  0.996 0.997 0.239~4.153
University degree or above ~ 2.508 0.990 6.418 0.011 12.284  1.764~85.490
History of stroke -1.035 0.731 2.009  0.156 0.355 0.084~1.488
Fazekas grade (2-3 grade) 0.705  0.591  1.421 0.233 2.023 0.635~6.445
Constant -0.037 1.589 0.001 0.982 0.964  0.043~21.703
MBI score between the two groups (all p > 0.05). Detailed Discussion

results are presented in Table 2.

Multivariate Logistic Regression Analysis of Risk Factors
for Cognitive Function Improvement

Variables with p < 0.05 in the univariate analysis were
included in the multivariate Logistic regression model. In
addition, to correct the influence of age on cognitive level,
it was also included in the multivariate analysis. Among
them, history of stroke (no history of stroke was set as the
dummy variable), educational level (dummy variables were
set for “Illiterate”) and Fazekas grading of white matter le-
sions (dummy variable was set for “grade 0—1"") were cate-
gorical variables, while age and disease duration was con-
tinuous variables. The results showed that educational level
and disease duration were independent predictive factors
for significant improvement in cognitive function of PSCI
patients after tDCS treatment (p < 0.05). Detailed results
are presented in Table 3.
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This study investigated the predictive value of base-
line characteristics for cognitive function improvement af-
ter tDCS treatment by retrospectively analysing the clin-
ical data of 123 PSCI patients who received tDCS ther-
apy. Results of univariate analysis showed that there were
significant differences in educational level, disease dura-
tion, Fazekas grading of white matter lesions, and history
of stroke between the cognitive improvement group and the
non-improvement group. Further multivariate logistic re-
gression analysis confirmed that educational level and dis-
ease duration were independent predictive factors for sig-
nificant improvement in cognitive function of PSCI patients
after tDCS treatment.

Educational Level: The Impact of Cognitive Reserve and
Neuroplasticity on tDCS Efficacy

In this study, educational level emerged as an indepen-

dent predictive factor for significant improvement in cogni-
tive function after tDCS treatment, and this result is highly
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consistent with the “Cognitive Reserve Theory” [23]. This
theory posits that individuals form more abundant neural
connection networks and more efficient cognitive process-
ing strategies through long-term education, and this reserve
capacity can maintain or restore cognitive function through
compensatory mechanisms after brain injury [24]. Its core
lies in the richness and plasticity of neural circuits in the
cerebral cortex—higher educational attainment is associ-
ated with denser synaptic connections in cognitive-related
brain regions such as the prefrontal lobe and temporopari-
etal lobe, as well as higher redundancy of neuronal net-
works, providing more potential pathways for functional
repair after brain injury [25]. Consistent with our findings,
Li et al.’s study [26] indicated that higher cognitive reserve
is associated with better cognitive outcomes. tDCS modu-
lates cortical excitability through weak direct current, pro-
motes the expression of neurotrophic factors, such as Brain-
Derived Neurotrophic Factor (BDNF), and accelerates neu-
ral remodelling [27,28]. Patients with higher educational
levels may possess a stronger basis for neuroplasticity in
the brain, making them more responsive to the excitability
regulation induced by anodal stimulation. Through activat-
ing compensatory neural circuits and strengthening residual
functional networks, they can achieve significant improve-
ment in cognitive function.

From a clinical practice, these findings suggests that
clinicians may prioritize recommending tDCS treatment for
PSCI patients with higher educational levels, while it is cru-
cial to avoid absolute judgments of “poor therapeutic ef-
fect” for those with lower educational levels. In the future,
complementary cognitive reserve can be constructed for pa-
tients with lower educational levels through combined in-
terventions such as cognitive training, thereby enhancing
their sensitivity to tDCS treatment [23].

Disease Duration: The Key Role of Early Intervention in
Cognitive Function Recovery

Multivariate analysis revealed that for each additional
day of disease duration, the probability of significant im-
provement in cognitive function after tDCS treatment in
PSCI patients decreased by 2.2%, indicating that initiat-
ing tDCS treatment as early as possible after stroke on-
set is more likely to achieve significant cognitive improve-
ment. Following stroke, the brain undergoes a dynamic
process of “injury-repair-stabilization”: within 1-3 months
after onset, a substantial number of “penumbra” neurons
exist around the damaged brain area [29,30]. These neu-
rons are not completely necrotic but only in a state of func-
tional inhibition. Meanwhile, the intracerebral inflamma-
tory response gradually subsides and the blood-brain bar-
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rier permeability recovers, creating a favourable microen-
vironment for neural remodelling [31,32]. Anodal stim-
ulation of tDCS can directly enhance cortical excitability
in the “penumbra” area, inhibit apoptotic signalling path-
ways, and promote angiogenesis and synaptic reconstruc-
tion, thereby rapidly improving cognitive function [33].
However, beyond approximately 3 months, glial scars grad-
ually form in the brain injury area, neural circuits tend to
stabilize, and neuroplasticity decreases significantly. As a
result, tDCS can hardly effectively activate the repair mech-
anism, leading to weakened therapeutic effects. In addi-
tion, PSCI patients with longer disease duration may have
formed a fixed pattern of cognitive impairment and are of-
ten accompanied by psychological problems such as anxi-
ety and depression, which may further attenuate treatment
response. Therefore, clinicians should attach importance
to the early screening of PSCI, assess cognitive function
as soon as possible after the stroke patient’s condition sta-
bilizes, and promptly initiate tDCS treatment for those di-
agnosed with PSCI to maximize treatment benefits. For
patients with prolonged disease duration, optimisation of
treatment parameters (extending stimulation time and in-
creasing treatment frequency) or combination with pharma-
cological and behavioural interventions may improve effi-
cacy through multimodal interventions.

Limitations

This study has the following limitations: (1) Retro-
spective design: Retrospective studies cannot avoid selec-
tion bias. All included patients were from a single centre,
lacking validation from multi-centre and large-sample stud-
ies, which may lead to limitations in case selection and re-
strict the external validity of the results. Therefore, its ex-
ternal universality still needs further confirmation; (2) Sam-
ple size restriction: The relatively small sample size may
limit the statistical power, stability and generalizability of
the results, resulting in the failure to identify some potential
predictive factors, especially insufficient statistical power
for Fazekas grading of white matter lesions; (3) Lack of ob-
jective neuroimaging indicators: This study did not include
neuroimaging parameters such as brain structure and brain
function, making it impossible to explain the role of pre-
dictive factors more deeply from the perspective of neural
mechanisms; (4) Some indicators in this study were evalu-
ated using measurement tools, which may introduce infor-
mation bias or measurement error.
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Conclusion

Through univariate and multivariate analyses, in this
study, higher educational level and shorter disease dura-
tion may be independent predictive factors for significant
improvement in cognitive function of PSCI patients after
tDCS treatment. These findings provide important refer-
ences for clinically screening suitable populations for tDCS
therapy and facilitate the realization of individualized pre-
cision treatment for PSCI patients.
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