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ABSTRACT

Introduction: Post-stroke cognitive impairment (PSCI) is a consequence of ischemic stroke, reducing independence and
life quality. Although transcranial direct current stimulation (tDCS) may improve cognition, evidence linking quantitative
electroencephalography (QEEG) to outcomes is limited. This study evaluated tDCS effects on DTABR and MoCA-INA
performance.

Materials and Methods: This prospective quasi-experimental single-blind pretest—posttest study included 30 patients
with PSCI allocated to an intervention group (n = 15) or a sham control group (n = 15). The intervention group received
active tDCS (2 mA, 20 minutes/session, 10 sessions over two weeks), while the control group received sham stimulation.
Cognitive function was assessed using MoCA-INA and neurophysiological changes were evaluated using qEEG before
and after intervention.

Results: Active tDCS reduced slow-wave activity, increased alpha—beta activity, and significantly decreased global
DTABR compared with sham stimulation (1.16 = 0.58 vs. 3.97 + 3.12, p = 0.004). Mean MoCA-INA scores increased
from 19.73 + 6.13 to 24.87 + 4.73 in the intervention group, compared with 19.40 £ 3.58 to 20.27 + 3.90 in the control
group. Significant within-group cognitive improvement was observed only after active tDCS (p = 0.001). Compared with
sham stimulation, active tDCS produced greater improvements in visuospatial/executive function, attention, language,
and delayed recall.

Conclusion: Active tDCS improved both neurophysiological and cognitive outcomes in patients with PSCI, as
demonstrated by reduced global DTABR and enhanced MoCA-INA performance. These findings support tDCS as a
promising adjunctive neuromodulation strategy for post-stroke cognitive rehabilitation.
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INTRODUCTION with approximately 713,783 new cases annually,

Ischemic stroke remains one of the leading causes of
disability worldwide and is frequently associated with
long-term cognitive impairment that negatively affects
functional independence and quality of life (1). Post-stroke
cognitive impairment (PSCI) commonly involves deficits
in memory, attention, executive function, and visuospatial
abilities, creating major challenges during neurological
rehabilitation (2). Stroke continues to represent a
substantial public health burden in Indonesia. Data from
the Indonesian Basic Health Research Survey reported a
national stroke prevalence of 10.9 per 1,000 population

predominantly affecting older adults (3). Given the
substantial burden and geographic variability of stroke
incidence in Indonesia, effective post-stroke rehabilitation
strategies addressing neurological sequelae, including
cognitive impairment, remain essential (4). Among stroke
subtypes, ischemic stroke accounts for most cases and
results from reduced cerebral blood flow causing neuronal
injury, metabolic dysfunction, and secondary brain damage

(5).

Beyond stroke incidence, clinical outcomes after ischemic
stroke are influenced by several vascular and stroke-_
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related characteristics (6). Recent evidence suggests that
stroke subtype may contribute more strongly to post-stroke
functional outcomes than blood pressure variability, with
lacunar stroke demonstrating better modified Rankin Scale
outcomes compared with non-lacunar stroke (7).
Nevertheless, functional recovery alone may not fully
reflect cognitive recovery after stroke, highlighting the
importance of evaluating post-stroke cognitive impairment
(8,9).

Cognitive impairment after ischemic stroke is associated
with disruption of cortical and subcortical networks,
particularly involving the prefrontal cortex, hippocampus,
parietal lobe, and thalamus, which are essential for higher
cognitive functions (2,10). Therefore, interventions that
promote cortical reorganization and neuroplasticity have
become an important focus in post-stroke rehabilitation
(1,11). Transcranial Direct Current Stimulation (tDCS) is a
non-invasive neuromodulation technique that delivers low-
intensity electrical currents to alter cortical excitability and
facilitate neuroplasticity (12). Recent studies demonstrated
that repeated tDCS sessions improved cognitive
performance in stroke survivors as measured using the
Montreal Cognitive Assessment (MoCA) (13). Similarly,
anodal tDCS targeting the left lateral prefrontal cortex
significantly enhanced cognitive domains including
fluency and orientation in patients with post-stroke
cognitive dysfunction (14). Neuroplasticity after stroke is
driven by structural and functional reorganization of
surviving neural networks through mechanisms including
changes in neuronal excitability, adaptive long-term
potentiation/depression (LTP/LTD), cortical remodeling,
and reperfusion-mediated recovery within peri-infarct
regions. These processes may facilitate restoration of
cognitive and functional performance and provide a
biological basis for neuromodulation approaches such as
tDCS (15).

Beyond clinical assessment, objective neurophysiological
evaluation is increasingly important to understand cortical
responses following neuromodulation (16). Quantitative
electroencephalography (qEEG) provides quantitative
analysis of brain electrical activity and has shown
potential for evaluating stroke severity and predicting
functional outcomes (17). Among qEEG parameters, the
delta—theta/alpha—beta ratio (DTABR) has been associated
with cortical dysfunction and post-stroke recovery.
Previous evidence demonstrated that tDCS may induce
favorable changes in qEEG patterns, including increased
alpha activity and reduced delta activity following
intervention (18).

However, evidence integrating objective
neurophysiological measures using qEEG with clinical
cognitive evaluation using the Indonesian version of the
Montreal Cognitive Assessment (MoCA-INA) remains
limited in patients with ischemic stroke. Therefore, this
study aimed to evaluate the effects of tDCS on qEEG
outcomes, particularly DTABR, and cognitive
performance measured by MoCA-INA in patients with
ischemic stroke and cognitive impairment.

MATERIALS AND METHODS
Study Design and Setting

This experimental study used a prospective pretest—
posttest control group design to evaluate the effects of
tDCS on cognitive function and brain electrical activity in
patients with ischemic stroke and cognitive impairment.
Outcome assessments were conducted before and after
intervention using the Indonesian version of the MoCA-
INA and qEEG.

Participants were blinded to group allocation, whereas
investigators administering the intervention were aware of
treatment assignment. Outcome assessments, including
MoCA-INA and qEEG evaluations, were performed by
assessors blinded to treatment allocation. The study was
conducted from November 2025 until the required sample
size was achieved at Dr. Wahidin Sudirohusodo General
Hospital and affiliated hospitals.

Sample Size

The minimum sample size was determined based on a
comparison between two study groups in a pretest—posttest
design, considering the correlation between paired
measurements. The calculation used a two-sided
significance level of 5%, a statistical power of 90%, a
standard deviation of 7.27, an expected correlation
coefficient of 0.38 between repeated measurements, and a
minimum clinically meaningful difference of 6.8 points in
the primary outcome based on previous studies. The
estimated minimum sample size was 14.88 participants per
group, which was rounded up to 15 participants per group.
Therefore, the study included a total of 30 participants,
comprising 15 participants in the active tDCS group and
15 participants in the sham control group.

Participants

Participants were recruited consecutively from eligible
patients attending the study sites during the recruitment
period. Eligible participants met the following inclusion
criteria: (1) first-ever ischemic stroke confirmed clinically
and by neuroimaging, with post-stroke cognitive
impairment defined as a MoCA-INA score <26; (2) stroke
onset <6 months; (3) aged 18—65 years; (4) at least 9 years
of formal education; (5) adequate hearing ability; (6)
willingness to complete all study procedures including
qEEG, MoCA-INA, and tDCS sessions; and (7) provision
of written informed consent.

Exclusion criteria included: post-stroke aphasia, recurrent
stroke, history of epilepsy, metallic implants, cardiac
pacemaker, cochlear implant, previous head injury, severe
hearing impairment, severe psychiatric disorders or
advanced dementia limiting participation, pregnancy, and
participation in other neuromodulation interventions
within the previous month. Participants were withdrawn if
they requested discontinuation, developed acute medical
conditions preventing continuation, experienced adverse
effects related to tDCS, or failed to complete intervention
and post-treatment evaluations.
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Assignment Method

Eligible participants were recruited consecutively from the
study sites during the recruitment period. Because this was
a prospective quasi-experimental study, participants were
assigned to either the active tDCS group or the sham
control group using a quasi-experimental assignment
rather than individual randomization. Both groups
underwent  identical assessment procedures and
intervention schedules, differing only in the delivery of
active or sham stimulation.

Intervention Protocol

Participants were allocated into two groups.

The intervention group received active tDCS with direct
current stimulation at 2 mA for 20 minutes per session. A
total of 10 sessions were administered over two weeks.
The anodal electrode was positioned over the left
dorsolateral prefrontal cortex (DLPFC; F3), while the
cathodal electrode was positioned over the right DLPFC
(F4). The control group received sham tDCS. Stimulation
at 2 mA was delivered only during the initial 30 seconds
while maintaining electrode placement for the remaining
session duration. Treatment duration, number of sessions,
and electrode placement were identical to the intervention
group.

Outcome Measurements

Primary Outcomes

The primary outcomes of this study were changes in
cognitive function measured using the Indonesian version
of the MoCA-INA and neurophysiological changes
assessed using the DTABR derived from qEEG.

Secondary Outcomes

Secondary outcomes included changes in global DTABR,
absolute qEEG power across the delta, theta, alpha, and
beta frequency bands, and changes in individual MoCA-
INA cognitive domains. Significant improvements in
cognitive domains were observed in visuospatial/executive
function, attention, language, and delayed recall.

Cognitive Assessment

Cognitive function was evaluated using the Indonesian
version of the MoCA-INA. MoCA-INA assesses multiple
cognitive domains including attention, executive function,
memory, language, visuospatial ability, abstraction, and
orientation. Cognitive impairment was defined as a
MoCA-INA score <26.

Quantitative Electroencephalography Assessment

Brain electrical activity was assessed using qEEG
recorded with the Cadwell Easy III EEG system and
analyzed using NeuroGuide Deluxe qEEG software.
Participants were instructed to wash their hair before
examination and avoid applying hair products. Recordings
were performed in a quiet environment with participants
resting in a supine position. Electrodes were positioned
according to the international 10-20 system using 19
channels. Recording was initiated after electrode
impedance reached <20 Q. Signal acquisition used a low-

cut filter of 0.53 Hz, high-cut filter of 70 Hz, and notch
filter activation. Raw EEG data were converted into EDF
format and processed automatically for artifact removal.
The primary gEEG parameter analyzed was the DTABR.

Study Procedure

After eligibility screening and informed consent
acquisition, baseline assessments including MoCA-INA
and qEEG were performed. Participants subsequently
underwent active or sham tDCS intervention for two
weeks. Following completion of all treatment sessions,
MoCA-INA and qEEG assessments were repeated.
Collected data were recorded and analyzed statistically.

Statistical Analysis

Data analysis was performed using IBM SPSS Statistics
version 29. Baseline characteristics, including age, sex,
educational level, stroke onset, comorbidities, and the
distribution of impaired MoCA-INA domains, were
summarized descriptively. Data distribution was evaluated
using the Shapiro—Wilk test because the sample size was
fewer than 50 participants. Categorical variables were
compared between groups using the Chi-square test or
Fisher's exact test, as appropriate. Continuous within-
group comparisons were analyzed using paired samples t-
test for normally distributed data or the Wilcoxon signed-
rank test for non-normally distributed data. Between-group
comparisons were performed using the independent
samples t-test for normally distributed data or the Mann—
Whitney U test for non-normally distributed data. Changes
in individual MoCA-INA domain scores were also
compared using the Mann—Whitney U test. Statistical
significance was defined as p < 0.05. All participants who
completed the intervention were included in the final
analysis.

Ethics Approval and Consent to Participate

This study was approved by the Health Research Ethics
Committee of the Faculty of Medicine, Hasanuddin
University, Makassar, Indonesia  (Approval No.
1121/UN4.6.4.5.31/PP36/2025; Protocol No.
UH25121176). Ethical approval was granted on 31
December 2025 and remained valid until 31 December
2026. All procedures were conducted in accordance with
institutional ethical standards and the principles of the
Declaration of Helsinki. Written informed consent was
obtained from all participants prior to enrollment.

RESULTS

This study was conducted at Dr. Wahidin Sudirohusodo
General Hospital and affiliated hospitals in Makassar,
Indonesia, from November 2025 to May 2026. Data were
collected prospectively through pre- and post-intervention
assessments using the Indonesian version of the MoCA-
INA and qEEG. Changes in cognitive performance and
brain electrical activity were evaluated by comparing
measurements obtained before and after intervention in
both study groups. Cognitive outcomes were assessed
using MoCA-INA scores, while neurophysiological
outcomes were evaluated using qEEG parameters.

Participant Flow
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A total of 40 patients were assessed for eligibility during
the study period. Of these, 10 patients were excluded prior
to enrollment. The remaining 30 eligible participants were
enrolled and allocated to either the active transcranial
direct current stimulation (tDCS) group (n = 15) or the
sham control group (n = 15). All participants received the
allocated intervention, completed the follow-up
assessments, and were included in the final statistical
analysis. No missing outcome data were identified, and all
enrolled participants completed the study protocol. No
serious adverse events related to tDCS were observed
during the intervention period. The participant flow is
presented in Figure 1.

Participant Characteristics

Baseline demographic and educational characteristics are
summarized in Table 1. Mean age was 53.13 £ 9.63 years
in the intervention group and 52.60 + 11.15 years in the
control group, with a mean age of 52.87 + 10.24 years; the
difference was not significant (p = 0.642). Sex distribution
was identical, with 8 male participants (53.3%) and 7
female participants (46.7%) in each group. Senior high
school was the most common educational level (43.3%),
followed by bachelor's degree (33.3%). Stroke onset and
comorbidity profiles were comparable. Most participants
had a one-month stroke onset (90.0%), and hypertension
was the most common comorbidity (50.0%), followed by
hypertension and diabetes mellitus (26.7%). No significant
between-group differences were observed for stroke onset
(p = 0.483), comorbidity status (p = 1.000), sex (p =
1.000), or educational level (p = 0.338), indicating
comparable  baseline  characteristics  before  the
intervention.

Baseline cognitive impairment across individual MoCA-
INA domains is summarized in Table 2. Delayed recall
was the most frequently impaired domain in both groups
(93.3%), followed by visuospatial/executive function
(90.0%), attention (76.7%), and orientation (76.7%). No
significant between-group differences were observed in
the baseline distribution of impaired cognitive domains
(all p > 0.05), indicating comparable cognitive profiles
before intervention.

Quantitative EEG Outcomes

Absolute Power in the Intervention Group

Figure 2 shows absolute EEG power before and after
active stimulation in the intervention group. Before
stimulation, delta activity had the highest power across
frontal and prefrontal electrodes (F3, F4, F7, F8, FP1, and
FP2), peaking at FP1 and FP2 (approximately 35 pV).
Theta was the second dominant band, while alpha and beta
showed lower power. After tDCS administration, spectral
distribution shifted (Figure 2): delta power decreased at all
electrode sites, while alpha and beta activity increased in
most frontal regions. Alpha reached the highest post-
intervention value at F3 (21.83 pV). Overall, post-
intervention qEEG showed reduced slow-wave and
increased fast-wave activity after active stimulation.

Absolute Power in the Control Group

Figure 3 presents the absolute EEG power distribution in
the control group before and after sham stimulation.
Before stimulation, delta activity remained predominant
across all frontal electrode sites, with the highest values
recorded at FP1 (52.74 pV) and FP2 (47.95 uV). After
sham stimulation, only minimal spectral alterations were
observed (Figure 2). Delta activity remained dominant and
showed slight increases at several recording sites, whereas
theta, alpha, and beta bands demonstrated only minor
changes. Alpha activity remained relatively stable post-
stimulation. These findings suggest persistence of slow-
wave predominance without meaningful
electrophysiological modulation.

Delta—Theta/Alpha—Beta Ratio (DTABR)

Figure 4 illustrates changes in DTABR across frontal and
prefrontal electrode sites following stimulation. In the
intervention group, DTABR decreased consistently after
active tDCS at F3 (1.86 to 1.06), F4 (1.78 to 1.23), F7
(2.20 to 1.34), F8 (2.08 to 1.15), FP1 (2.51 to 1.31), and
FP2 (2.42 to 1.26), with the greatest reductions observed
in the prefrontal regions. In contrast, the control group
demonstrated increased DTABR values following sham
stimulation at FP1 (5.17 to 6.23), FP2 (4.35 to 5.18), F3
(2.92 to 3.54), F4 (2.09 to 2.76), F7 (3.55 to 4.09), and F8
(2.62 to 3.19), indicating opposite electrophysiological
trends between the two groups.

Overall changes in global DTABR are presented in Figure
5. The intervention group demonstrated a marked
reduction in median global DTABR following active
stimulation, whereas the control group showed no
significant within-group change after sham stimulation.
Table 3 summarizes the statistical analysis of global
DTABR. Before stimulation, mean global DTABR did not
differ significantly between the intervention and control
groups (2.08 £ 0.99 vs. 3.25 £ 2.40, p = 0.098). After
stimulation, the intervention group demonstrated
significantly lower global DTABR than the control group
(1.16 = 0.58 vs. 3.97 + 3.12, p = 0.004). Within-group
analysis showed a significant reduction in global DTABR
following active stimulation (p = 0.001), whereas no
significant change was observed in the control group (p =
0.204).

Cognitive Outcomes Based on MoCA-INA

Baseline MoCA-INA domain impairment is presented in
Table 2. In the intervention group, the most frequently
impaired domains were delayed recall (93.3%),
visuospatial/executive  function  (86.7%), attention
(73.3%), and orientation (66.7%). In the control group,
they were visuospatial/executive function (93.3%),
delayed recall (93.3%), orientation (86.7%), and attention
(80.0%). No significant between-group differences were
observed in baseline MoCA-INA domains (all p > 0.05),
indicating comparable cognitive profiles  before
intervention. Overall cognitive outcomes before and after
stimulation are presented in Table 4 and Figure 6. Mean
MoCA-INA scores were comparable before stimulation
(19.73 £ 6.13 vs. 19.40 + 3.58, p = 0.348) but significantly
higher in the intervention group after stimulation (24.87 +
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473 wvs. 2027 £ 390, p = 0.002). Within-group
improvement was significant only in the intervention
group (p =0.001 vs. p =0.078 for controls).

Further analysis of individual cognitive domains is
presented in Table 5. In the intervention group, significant
improvements after active tDCS were observed in
executive function (p = 0.018), attention (p = 0.003),
language (p = 0.034), delayed recall (p = 0.001),
orientation (p = 0.016), and overall MoCA-INA score (p =
0.001). In contrast, no significant changes were found in
naming (p = 0.317) or abstraction (p = 0.157). In the
control group, none of the cognitive domains, including
the total MoCA-INA score (p = 0.078), demonstrated
statistically significant pre—post improvement (all p >
0.05). These findings indicate that active tDCS produced
significant within-group improvements across multiple
cognitive domains, whereas sham stimulation did not
result in significant cognitive changes.

DISCUSSION

This study demonstrated that active tDCS was linked to
enhancements in both neurophysiological and cognitive
outcomes in patients with ischemic stroke and cognitive
impairment. In comparison to sham stimulation, active
tDCS consistently reduced the DTABR and significantly
improved MoCA-INA scores and various cognitive
domains. The baseline characteristics showed that the

intervention and control groups were comparable
regarding age, sex, and educational background,
minimizing the possibility that post-intervention

differences were due to demographic imbalances. In
addition, stroke onset and comorbidity profiles were
comparable between groups, further reducing potential
baseline confounding factors that could influence
neurophysiological and cognitive outcomes. The
predominance of male participants in this study aligns
with findings by Karimah et al. (2025) and Pinzon and
Anggraini (2021), who reported a higher burden of
ischemic stroke among males due to earlier accumulation
of vascular risk factors (19). Similarly, the mean age of
approximately 53 years corresponds to the age range
commonly associated with increased stroke incidence, as
previously noted by Harahap et al. (2021). The educational
level was also relatively balanced across groups, which is
significant because cognitive reserve may affect post-
stroke recovery, as suggested by Buvarp et al. (2021).

Prior to stimulation, both groups exhibited similar levels
of cognitive impairment, as indicated by mean MoCA-
INA scores falling below the normal threshold. Baseline
domain analysis further demonstrated that delayed recall
and visuospatial/executive function were the most
frequently impaired cognitive domains in both groups,
with no significant between-group differences across any
MoCA-INA domain. These results corroborate the
findings of Karimah et al. (2025) and Pinzon and
Anggraini  (2021), who identified that post-stroke
cognitive dysfunction frequently impacts memory,
attention, and executive function due to disruptions in
large-scale cortical networks (5,19). The elevated baseline

DTABR values observed in both groups further suggest a
predominance of slow-wave activity and diminished
cortical efficiency. Comparable electrophysiological
patterns were reported by Williamson et al. (2025) and
Zakaria et al. (2021), who demonstrated that increased
delta and theta activity signifies impaired neuronal
metabolism and cortical dysfunction following ischemic
injury (19,20). Furthermore, Liu et al. (2022) and Wang et
al. (2025) established that elevated DTABR is linked to
impaired interregional communication and poorer
neurological outcomes (21,22).

Following active tDCS, there was a reduction in DTABR
values across all frontal and prefrontal electrode sites,
which was also reflected by a significant reduction in
global DTABR compared with the control group. These
findings coincided with significant enhancements in
cognitive performance. These results align with the
findings of Liu et al. (2022), who indicated that
neuromodulation can restore cortical excitability and
facilitate functional reorganization post-stroke. Zakaria et
al. (2021) similarly reported that reductions in slow-wave
dominance were linked to improved electrophysiological
recovery (23). Mechanistically, Yang et al. (2022)
suggested that repetitive stimulation enhances synaptic
efficacy and promotes neuroplastic adaptation via long-
term potentiation-related pathways .

The improvement in neurophysiological markers was
accompanied by clinically significant gains in cognitive
function. The observed increase in MoCA-INA scores in
this study corroborates the findings of Wang et al. (2022),
who demonstrated that stimulation targeting the
dorsolateral ~ prefrontal cortex enhanced executive
performance and memory-related functions in stroke
survivors. Similarly, Yoon et al. (2021) reported
improvements in cognitive processing and information
integration following repeated tDCS sessions (24).
Furthermore, active tDCS produced significantly greater

improvements than sham stimulation in
visuospatial/executive function, attention, language, and
delayed recall, whereas naming, abstraction, and

orientation did not differ significantly between groups.
These findings suggest that tDCS preferentially enhances
cognitive domains that rely heavily on prefrontal cortical
networks and working memory processes.

In contrast, the sham stimulation group exhibited a
sustained elevation in DTABR and only minor, non-
significant alterations in MoCA-INA scores. This
phenomenon aligns with the findings of Chen et al. (2022),
who reported that sham stimulation did not elicit
measurable electrophysiological adaptation (25). Similarly,
Antonenko et al. (2024) proposed that the lack of
sustained electrical modulation hinders the induction of
cortical plasticity (26). The slight improvement in
cognitive scores may be attributed to repeated cognitive
testing exposure or spontaneous recovery, as previously
noted by Qurat-ul-Ain et al. (2022) and Yoon et al. (2021)
(24,27).
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Overall, the current findings reinforce existing evidence
supporting the therapeutic efficacy of tDCS in post-stroke
cognitive rehabilitation. Consistent with the observations
of Wang et al. (2022) and Yang et al. (2022), active
neuromodulation was linked to concurrent enhancements
in both objective electrophysiological measures and
clinical cognitive outcomes (28,29). The reduction in
DTABR, coupled  with improved MoCA-INA
performance, suggests that tDCS may facilitate the
restoration of cortical dynamics and support cognitive
recovery following ischemic stroke. The concordance
between reduced global DTABR and improvements in
specific cognitive domains further supports the potential of
qEEG-derived DTABR as an objective biomarker for
monitoring neurophysiological responses to tDCS during
post-stroke cognitive rehabilitation.

LIMITATIONS

This study has several limitations. First, the sample size
and single-region recruitment may limit generalizability to
populations with post-stroke cognitive impairment.
Second, the intervention and follow-up lasted only two
weeks, so the durability and long-term sustainability of
cognitive and neurophysiological improvements following
tDCS could not be determined. Third, although qEEG and
MoCA-INA provided clinical assessments, additional
neuroimaging modalities and functional outcome measures
not included may have limited characterization of
mechanisms underlying cognitive recovery. Finally,
restricting participants to first-ever ischemic stroke with
cognitive impairment within six months of onset may limit
applicability to recurrent stroke or other recovery stages.
Future studies are warranted for validation.

CONCLUSIONS

This study demonstrated that active tDCS improved both
cognitive and neurophysiological outcomes in patients
with ischemic stroke and cognitive impairment. Before
intervention, participants exhibited cognitive deficits
accompanied by predominant slow-wave activity on
qEEG, reflected by elevated DTABR values. Following
intervention, the active tDCS group showed a significant
reduction in global DTABR compared with the sham
group, suggesting favorable modulation of cortical
activity. These neurophysiological changes were
accompanied by significant improvements in overall
MoCA-INA performance and greater gains in
visuospatial/executive function, attention, language, and
delayed recall compared with sham stimulation. Overall,
these findings suggest that tDCS may serve as a promising
adjunctive neuromodulation strategy for post-stroke
cognitive rehabilitation, with benefits demonstrated by
both qEEG-derived neurophysiological markers and
clinical cognitive assessments.
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TABLES AND FIGURES

Table 1. Baseline Characteristics of Study Subjects
Variable Intervention Group Control Group Total (n=30) | P Value
(n=15) (n=15)
Age (years), Mean = SD 53.13 +£9.63 52.60+11.15 52.87 +10.24 0.642*
Sex, n (%) 1.000f
Male 8 (53.3) 8(53.3) 16 (53.3)
Female 7 (46.7) 7 (46.7) 14 (46.7)
Educational Level, n 0.338}
(%)
Diploma (D3) 1(6.7) 0(0.0) 1(3.3)
Bachelor's Degree (S1) 5(33.3) 5(33.3) 10 (33.3)
Master's Degree (S2) 0(0.0) 3 (20.0) 3 (10.0)
Senior High School 8 (53.3) 5(33.3) 13 (43.3)
Junior High School 1(6.7) 2(13.3) 3 (10.0)
Stroke Onset, n (%) 0.483}
1 month 14 (93.3) 13 (86.7) 27 (90.0)
2 months 1(6.7) 0 (0.0) 1(3.3)
3 months 0(0.0) 2 (13.3) 2(6.7)
Comorbidities, n (%) 1.000t
Hypertension 8 (53.3) 7 (46.7) 15 (50.0)
Diabetes Mellitus 1(6.7) 2(13.3) 3 (10.0)
Hypertension + Diabetes 4 (26.7) 4(26.7) 8 (26.7)
Mellitus
None 2 (13.3) 2 (13.3) 4 (13.3)
*Independent t-test. T Chi-square test.
Table 2. Baseline Distribution of Impaired MoCA-INA Domains
Impaired MoCA-INA Intervention Grou Control Grou
P Domain (o=15) P (15) P | Total n=30) | P value
Visuospatial/Executive 13 (86.7%) 14 (93.3%) 27 (90.0%) 1.000}
Naming 3 (20.0%) 7 (46.7%) 10 (33.3%) 0.2457
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Attention 11(73.3%) 12 (30.0%) 23(76.7%) | 1.000%
Language 6 (40.0%) 9 (60.0%) 15 (50.0%) | 0.466%
Abstraction 8 (53.3%) 11 (73.3%) 19(63.3%) | 0.269%
Delayed Recall 14 (93.3%) 14 (93.3%) 28(93.3%) | 1.000%
Orientation 10 (66.7%) 13 (36.7%) 23(76.7%) | 0.390%

T Fisher's exact test.

Table 3. Comparison of Global DTABR Before and After Stimulation Between the Intervention and Control Groups

Intervention Group

Control Group (n=15)

Between-Group

Global DTABR (n=15) Mean = SD Mean = SD P value

Before stimulation 2.08+0.99 3.25+2.40 0.098*

After stimulation 1.16 £ 0.58 397+3.12 0.004*
Within-group P value 0.001% 0.204+

*Independent samples t-test. TPaired samples t-test.

Table 4. Comparison of MoCA-INA Scores Before and After Stimulation Between the Intervention and Control Groups

Intervention Group Control Group Between-Group
MoCA-INA (n=15) (n=15) P value
Mean £+ SD Mean + SD
Before stimulation 19.73+6.13 19.40 + 3.58 0.348*
After stimulation 24.87 £4.73 20.27 £3.90 0.002*
Within-group P value 0.001+ 0.078+

Comparison between groups using the Mann—Whitney U test. +Comparison within groups using the Wilcoxon signed-

rank test.
Table 5. Comparison of Cognitive Domain Scores Before and After Intervention Between Groups
Variable Intervention p-value Control p-value
Median Min-Max Median Min—Max
Executive Function (Pre) 4.00 0.00-5.00 0.018* 3.00 1.00-5.00 0.334*
Executive Function (Post) 5.00 0.00-5.00 3.00 1.00-5.00
Naming (Pre) 3.00 1.00-3.00 0.317* 3.00 1.00-3.00 0.180*
Naming (Post) 3.00 2.00-3.00 3.00 2.00-3.00
Attention (Pre) 5.00 1.00-6.00 0.003* 4.00 2.00-6.00 0.670*
Attention (Post) 6.00 1.00-6.00 4.00 3.00-6.00
Language (Pre) 2.00 1.00-3.00 0.034* 2.00 1.00-3.00 0.317*
Language (Post) 3.00 1.00-3.00 2.00 1.00-3.00
Abstraction (Pre) 1.00 0.00-2.00 0.157* 1.00 0.00-2.00 0.157*
Abstraction (Post) 2.00 0.00-2.00 1.00 1.00-2.00
Delayed Recall (Pre) 1.00 0.00—4.00 0.001* 2.00 0.00-3.00 0.180*
Delayed Recall (Post) 5.00 3.00-5.00 2.00 1.00-3.00
Orientation (Pre) 5.00 1.00-6.00 0.016* 5.00 2.00-6.00 0.129*
Orientation (Post) 6.00 3.00-6.00 5.00 3.00-6.00
Total Score (Pre) 22.00 7.00-25.00 0.001* 18.00 15.00-26.00 0.078*
Total Score (Post) 28.00 15.00-30.00 19.00 15.00-27.00

*P-values were calculated using the Wilcoxon signed-rank test for within-group comparisons between pre- and post-
intervention measurements. Statistical significance was defined as p < 0.05.
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Figure 1. Participant flow diagram of the study.

Treatment Group Pre

3617

35.15

20.85
25.03 ot
! 2186
- 17.451854
= 14.10 14.30 14.63 14.87
11.99 10531176 10.54 1118
i 1011 ; 933 9.04
I 7.49 745 i |
I I E
F3 F4 F7 F8 FP1 FP2
u Delta ® Theta w Alfa " Beta
(a)
Treatment Group Post
2183 2226
1734 470 Gk 19.23 1955 1880
o ‘5]-4“ 20t W 11as L P 1597 445 14.23
; ! ] 10.16 10.22 "% I 1156 [ 1127
I 7.54 { 7.89 i 1 i
F3 F4 F7 F8 FP1 FP2
® Delta ® Theta = Alfa Beta

(b)

Figure 2. Absolute power values of delta, theta, alpha, and beta waves in the treatment group before and after
stimulation. (a) Pre-stimulation absolute power values and (b) post-stimulation absolute power values measured at frontal
electrode sites (F3, F4, F7, F8, FP1, and FP2). Values are presented as mean £ SD.
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Figure 3. Absolute EEG power of delta, theta, alpha, and beta bands across frontal electrode locations (F3, F4, F7, F8,
FP1, and FP2) in the control group before stimulation (a) and after stimulation (b).
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Figure 4. Comparison of delta—theta—alpha—beta ratio (DTABR) between the intervention and control groups at frontal
electrode locations (F3, F4, F7, F8, FP1, and FP2) before (Pre) and after (Post) stimulation.
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Figure 5. Comparison of median global delta—theta/alpha—beta ratio (DTABR) values before and after stimulation in the
(a) intervention group and (b) control group.
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Figure 6. Comparison of median MoCA-INA scores before and after stimulation between the (a) intervention group and

(b) control group.
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