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Abstract
Background Cognitive impairment after stroke is an unfavorable factor for long-term functional independence. Transcranial direct
current stimulation (tDCS) is a promising tool for improving cognitive function in patients with stroke. Home-based rehabilitation is
increasingly required for patients with stroke, with greater bene�ts expected if supplemented with remotely supervised tDCS (RS-tDCS).
We evaluated cognitive improvement and the feasibility of RS-tDCS in patients with chronic stroke. 

Methods Thirty chronic stroke patients with cognitive impairment (K-MoCA <26) received a computerized cognitive training package
(ComcogTM, Neofact, Seoul, Korea), and were randomized into real RS-tDCS and sham RS-tDCS groups according to the application of
tDCS. Participants were treated 5 days/week for 4 weeks. To ensure correct self-application of tDCS (Mindd Stim®, Ybrain Inc., Korea),
patients and caregivers received training and were monitored. Several cognitive evaluations were performed. Rate of adherence to the
appropriate RS-tDCS session was also investigated.  

Results Among the 30 participants, 2 chose to withdraw and 2 were excluded due to noncompliance. In the within-group comparison,
unlike the sham group (n= 14), the real group (n=12) showed a signi�cant improvement in K-MoCA (intra-p=0.004 vs. 0.132),
particularly in patients with moderate cognitive impairment (K-MoCA: 10–17; intra-p=0.001 vs. 0.835, K-MoCA: 18-25; intra-p=0.060 vs.
0.064). However, in K-DRS2, Stoop and K-BNT, both groups showed signi�cant improvement, but there was no group time interaction. In
the Trail Making Test, Go/no Go, and Controlled Oral Word Association Test, both groups did not show statistically signi�cant
improvement. A total of 551 of the 560 sessions conducted by 28 people were successfully performed (adherence rate: 98.4%) and no
serious adverse effects were detected. 

Conclusion RS-tDCS is a safe and feasible rehabilitation modality for post-stroke cognitive dysfunction.

It has the potential to enhance the effect of home-based CT. RS-tDCS seems to be particularly effective in patients with relatively more
severe cognitive impairment who are capable of home-based training.

Trial registration: Clinical Research information Service (KCT0003427). Registered 26 June 2018,
https://cris.nih.go.kr/cris/en/search/search_result_st01.jsp?seq=12363

Background
When cognitive dysfunction after stroke persists, it is known to be an unfavorable factor for long-term functional independence [1].
There have been a number of studies on the effects of transcranial direct current stimulation (tDCS) in relation to cognitive dysfunction.
It has been reported that tDCS can enhance working memory in healthy people and prevent cognitive dysfunction in the elderly [2, 3].

Moreover, tDCS is effective at improving cognitive function in several pathologies, including Alzheimer’s and schizophrenia, and major
depressive disorder [4, 5]. tDCS has also been reported to not only improve cognition, including working memory [4-7], but also neglect
syndrome [4, 8, 9] and stroke-related depression [4]. In particular, several studies have demonstrated the effect of improving post-stroke
aphasia [4, 10].

Recent research trends have focused on the convenience, feasibility, and effectiveness of telerehabilitation [11]. It has been reported
that patients with stroke show a decline in function after discharge from inpatient rehabilitation facilities [12]. Due to the pressure at
rehabilitation institutions to reduce the length of inpatient stay, the rehabilitation treatment environment is frequently changing, and it is
di�cult to form a suitable, familiar environment for patients [13].

In rural areas, it is di�cult to continue outpatient cognitive training (CT) through outpatients due to limited accessibility [11].
Furthermore, medical institutions visits are decreasing due to infectious diseases such as coronavirus disease 2019.

Since computerized cognition treatment is feasible at home [14], if patients are also able to safely and appropriately use tDCS at home,
it would be possible to increase the effectiveness of cognitive therapy. Depending on the degree of supervision and intervention by
supervisors, home-based application of tDCS can be divided into home-use tDCS, remotely supervised tDCS (RS-tDCS), and remotely
controlled tDCS [15]. In home-use tDCS, patients can control the mode or application time themselves and use the device without
supervision. In RS-tDCS, patients cannot control the tDCS settings and receive online support from a supervisor to administer duration
and intensity. In remotely controlled tDCS, the tDCS device is always monitored by the supervisor and can only be controlled by the
supervisor [15]. However, ethical issues have been raised regarding the unlimited use of tDCS. A certain level of intervention is required
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to reduce the possibility of misuse and abuse and for optimal application of tDCS [4, 16]. Therefore, for e�ciency and safety, RS-tDCS
might be the most suitable option.

In studies applying home-based rehabilitation with RS-tDCS in patients with multiple sclerosis and Parkinson’s disease, groups
receiving RS-tDCS plus CT showed greater improvements in cognitive function than groups that only received CT [17, 18]. Thus, RS-
tDCS has been demonstrated to be a feasible treatment strategy. To date, there have been few studies on home-based application of
tDCS in patients with stroke [11], and research on its effectiveness and feasibility is needed.

To the best of our knowledge, there are no previous studies investigating the effectiveness of RS-tDCS at improving cognitive function
in patients with stroke. In this pilot study, we aimed to explore whether there was a cognitive enhancing effect when tDCS was
combined with home-based CT and to investigate the feasibility of RS-tDCS for patients with chronic stroke.

Methods
Study design

This study was a double-blind sham-controlled randomized trial, approved by the Samsung Medical Center Ethics Committee and
registered with Clinical Research information Service (KCT0003427) and conducted in the two stroke centers (Samsung Medical Center,
Jeonbuk National University Hospital).

Participants

Participants were aged 20–85 years with chronic stage (≥6 months after onset) stroke, including ischemic and hemorrhagic stroke,
with cognitive dysfunction (Korean version of the Montreal Cognitive Assessment [K-MoCA] score <26), who voluntarily decided to
participate, signed the consent form, and were capable of responding to a questionnaire. When a patient was deemed to have di�culty
self-administering tDCS, they were only included if they had a caregiver capable of administering tDCS regularly. The exclusion criteria
were patients with an existing severe neuropsychiatric disorder (such as schizophrenia, bipolar disorder, or degenerative dementia),
contraindication for tDCS (patients with implanted medical devices, metallic cranial implants, skin wound at electrode placement sites,
history of epilepsy, and problems with electrode attachment, such as dermatological issues), severe cognitive impairment (K-MoCA ≤9)
restricting their ability to understand cognitive tasks, and pregnancy.

Randomization

At baseline, eligible participants were assigned a participant registration number by the investigator. The order for medical device
allocation was randomized by participant registration number using GraphPad software
(http://www.graphpad.com/quickcalcs/index.cfm) performed by a third party other than the investigator.

Intervention

The two groups underwent 20 sessions of sham or real tDCS (Mindd Stim®, Ybrain Inc., Korea) plus CT. Participants participated in 5
sessions per week for 4 weeks; each session lasted 30 min (Fig. 1).

Transcranial direct current stimulation

Before applying RS-tDCS, the guidelines of Charvet et al. were followed [19]. At baseline assessment (T0), participants received tDCS
procedure instructions and performed a trial application. Tolerability was checked, and if the participants had caregivers, the caregivers
also received identical instructions for the tDCS procedure. The entire process of applying the equipment was recorded on the
participant or caregiver’s smartphone for reference during later home-based application. After receiving instructions, the participant or
caregiver was asked to repeat the whole application process by themselves until they were able to complete the process properly. Once
the participant had successfully performed the trial application, they were provided with the RS-tDCS devices and instructional manual.

At the �rst home-based RS-tDCS session, the research physician observed whether it was properly performed by the participant. If the
participant required further instruction, the process was repeated until the participant or caregiver could independently perform the
process. The research physician also determined whether the participant’s home was a suitable environment to perform RS-tDCS plus
CT.

http://www.graphpad.com/quickcalcs/index.cfm
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At the remote sessions, the participants were monitored by telephone 3 times per week. If appropriate communication was di�cult on
the phone, monitoring was performed via a video call. The tDCS devices were set in advance to allow 1 stimulation per day, and
additional use was not permitted. The duration, intensity, and impedance were logged so that the investigators could check for
adequate compliance after all remote sessions. During the 20 sessions, the participants visited the hospital once per week to check the
tDCS device operation status and the adequacy of tDCS application was inspected.

 Regarding electrode location, the anode was placed over the left dorsolateral prefrontal cortex (DLPFC) as determined by the
International 10/20 Electroencephalogram System corresponding to F3, and the cathode was placed in the right supraorbital area.
Participants were provided with 28.3 cm² disposable electrodes and were instructed to soak them in 20 ml saline before use. A head
cap was used to standardize the electrode location; the positions were �xed at Visit 1, so that the electrodes would be in the p position
when the participant wore the cap on their head in the correct orientation (Fig. 2).

A constant current of 2 mA was administered for 30 min. The electrode placement was identical for the sham tDCS stimulation;
however, the stimulator was turned on for only 10 seconds, during which the current intensity gradually increased and then decreased
until it diminished. The allocation of tDCS was blinded to investigators, research physicians, participants, and caregivers.

Cognitive training

For the computerized CT program, ComcogTM (v.2.6, Neofact, Seoul, Korea) was installed on a 21-in tablet and provided to each
participant at home [20]. The program consists of memory, attention, executive function, and spatiotemporal perception training, and all
participants were instructed to train with the same composition for 30 min per session. Di�culty was adjusted differently for each
participant. At Visit 1, a physician guided participants to use the appropriate CT package, then the participants visited the hospital once
per week to review the previous week’s training results and receive a new training task adapted to their level. Participants received tDCS
simultaneously for 30 min.

Safety

The tDCS parameters used in this study did not cause severe adverse effects in previous research [21]. In this study, the devices were
set to enable only 1 session of tDCS per day, and an appropriate impedance (<7,000 Ω) range was set during module application. The
RS-tDCS hub recorded impedance logs, which could be used to check safety and monitor protocol adherence. In addition, participants
were contacted by phone 3 times per week to check abnormal symptoms.

Outcome measures

Outcomes data were collected by the Jeonbuk National University Hospital Clinical Research Center and Samsung Medical Center at
baseline and post-intervention.

Primary outcomes

Standard cognition tests

The K-MoCA was used to assess overall cognitive function. MoCA has been used to assess cognitive function in several previous tDCS
studies [22] and is considered an effective tool to conveniently assess cognitive function [23]. The K-MoCA was previously validated
with the MoCA [24]. The Korean version of the Dementia Rating Scale-2 (K-DRS-2) was used as a second tool to assess overall
cognitive function [25].

RS-tDCS adherence rate

To investigate RS-tDCS feasibility, the completion rate and protocol adherence were monitored, and feedback on problems while
performing the intervention was received.

Secondary outcomes

The Stroop word test, trail making test (TMT), Go/no Go test, Controlled Oral Word Association Test (COWAT) and Korean-Boston
Naming Test (K-BNT) were used to evaluate the cognition of each sub-territory. COWAT, TMT A B, BNT, and K-BNT were performed
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based on the Seoul Neuropsychological Screening Battery [26]. The Stroop word test was performed based on the Computerized Neuro-
Cognitive Function Test software-40 (Maxmedica Ltd., Seoul, Korea) [27].

Statistical analysis

Participants were assessed at baseline before treatment (T0), in the primary assessment within 48 hours of completing treatment (T1),
and in the secondary assessment approximately 1 month after treatment (T2). Analysis of covariance (ANCOVA) was used to examine
whether there were signi�cant differences between the sham and real groups at T1 and T2 when controlling for assessment outcomes
at T0. If normality was not satis�ed in the between-group comparison, ranked ANCOVA was used. Repeated measures-analysis of
variance (RM-ANOVA) was used to examine differences within each group. If the normality was not satis�ed in the within-group
comparison, the Friedman test was used. Statistical signi�cance was de�ned as p<0.05. Statistical analyses were performed using IBM
SPSS 24 (SPSS Inc., Chicago, IL, USA).

Results
A total of 30 participants were enrolled, but 2 were excluded due to withdrawal of consent and 2 were excluded due to noncompliance
with multiple remote sessions. Therefore, 26 participants were included in the �nal analysis (Fig. 3); their demographic data are shown
in Table 1.

Table 1. Demographic characteristics of participants
Variable Real RS-tDCS plus CT (n=12) Sham RS-tDCS plus CT (n=14) Total (n=26) p-value

Age 61.25±12.85 57.86±10.04 59.42±11.32 0.470a

Gender    0.229c

Male 4 (33.3) 8 (57.1) 12 (46.2)  
Female  8 (66.6) 6 (42.9) 14 (53.8)  

Education period (year) 13.08±5.38 11.36±4.62 12.15±4.96 0.200b

K-MoCA 18.75±5.19 21.00±4.13 19.96±4.69 0.195b

Brain lesion side (Right : Left) 3:9 7:7 10:16 0.184d

BDNF        
G/G 2 (16.6) 4 (28.6) 7 (25.0)  
G/A 6 (50.1) 8 (57.1) 15 (53.6)  
A/A 4 (33.3) 2 (14.3) 6 (21.4)  

APoE        
E2 1 (8.3) 2 (14.3) 3 (10.7)  
E3 10 (83.3) 9 (64.3) 21 (75.0)  
E4 1 (8.3) 3 (21.4) 4 (14.3)  

Data are n (%), mean ± standard deviation
Statistical significance was defined as p < 0.05
aIndependent t-test, bMann-Whitney U-test, cPearson chi-square test; dFisher's Exact Test
K-MoCA: Korean version of the Montreal Cognitive Assessment; APoE: apolipoprotein E; BDNF: brain-derived neurotrophic factor; CT: cognitive training;
G/G G/A A/A: BDNF genotypes (G→A polymorphism responsible for a Val66Met change [28]); RS-tDCS: Remotely supervised-transcranial direct current
stimulation

Primary outcomes

General cognition

In the within-group comparison, the real group showed a statistically signi�cant increase in K-MoCA scores (p=0.01), but the sham
group did not (p=0.264). In contrast, in the between-group comparison, no statistically signi�cant difference was found between groups
(Table 2). After reanalyzing according to cognition degree, a statistically signi�cant improvement was observed in participants with a
moderate level of cognitive impairment (K-MoCA: 11-17), but not in those with a mild level of cognitive impairment (K-MoCA: 18-25)
(Fig. 4). In the K-DRS-2, both groups showed a signi�cant increase in the within-group comparison (p=0.002 and p=0.006, respectively).
In the between-group comparison, there was no statistically signi�cant difference (Table 2).

Table 2.  Results of cognitive function test and comparison between groups (Inter-p) and within groups (Intra-p)
(n=26)
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  Real RS-tDCS plus CT (n=12)   Sham RS-tDCS plus CT (n=14) T1
Inter-
p b)

T2
Inter-
p b)  Baseline Post (T1) Follow up (T2) Intra-p a)   Baseline Post (T1) Follow up

(T2)
Intra-p a)

General cognition                    

K-MoCA 18.67±5.16 19.67±3.87 21.33±4.42 0.004   21.29±4.29 22.07±4.95 22.57±4.88 0.132 0.762 0.464
K-DRS-2 120.00±12.08 123.08±11.47 124.00±11.44 0.022   124.93±13.91 128.43±12.96 129.07±10.54 0.003 0.583 0.458

Attention                      

Stroop (Reaction
time) 

                     

Word 24.29±8.20 22.03±9.08 21.02±9.89 0.001   28.92±28.12 20.53±11.97 20.11±17.09 0.002 0.487 0.204
Color  43.90±26.77 46.84±30.31 40.38±23.67 0.059   43.68±29.58 34.13±22.07 34.27±21.57 0.011 0.107 0.167

Color word 30.63±28.85 31.60±29.15 20.58±7.18 0.040   27.79±28.21 20.50±13.80 19.45±42.60 0.002 0.217 0.244
Word of color word 33.94±28.48 35.58±28.91 26.58±11.26 0.862   30.87±29.23 24.45±15.99 23.85±14.10 0.232 0.163 0.709
Color of color word 96.47±55.36 113.86±77.27 89.01±51.62 0.168   76.05±47.42 79.25±54.31 63.96±46.76 0.113 0.551 0.637
Visuo-motor coordination                    

 Trail making test (Processing time)                    
TMT A 70.51±33.75 64.75±26.51 62.99±32.37 0.408   60.07±31.95 47.94±18.39 51.45±23.12 0.152 0.058 0.513
TMT B 175.69±104.78 167.11±101.27 155.10±105.00 0.143   150.31±84.92 131.44±84.31 123.53±86.10 0.116 0.492 0.722

Executive/Frontal                      

  Go/no GO  11.67±9.82 15.75±7.46 17.17±5.72 0.311   16.71±5.84 19.29±1.27 19.00±2.18 0.237 0.258 0.619

COWAT
(Fluency)

                     

Semantic word A 9.50±5.62 11.00±5.43 10.58±5.05 0.178   12.50±4.36 13.43±4.91 13.07±5.00 0.208 0.687 0.572
Semantic word B 9.50±5.68 10.67±4.60  9.67±6.02 0.387   13.64±6.30 13.93±6.09 14.00±4.91 0.583 0.507 0.063

Language                      

K-BNT 9.33±3.94 10.67±3.63 11.08±3.26 0.011   10.50±2.95 11.36±2.87 11.50±3.32 0.045 0.816 0.813

Data are mean ± standard deviation
Inter-p-value: Real vs Sham RS-tDCS 
Intra-p-value: Within Sham RS-tDCS group or Real RS-tDCS group 
Statistical significance was defined as p<0.05
a) RM-ANOVA b) ANCOVA 
RS-tDCS: Remotely supervised-trans cranial direct current stimulation CT: Cognitive training K-DRS-2: Korean version of the Dementia Rating Scale-2
TMT: Trail making test COWAT: Controlled oral word association test K-BNT: Korean-Boston naming test

Protocol adherence rate

Two participants were excluded from the �nal analysis due to improper application; in both cases, the tDCS device turned off during
stimulation because it was not charged in advance. Due to these incidents, the 2 participants only completed 15 and 16 treatment
sessions, respectively, which did not meet the target criterion of 17 sessions. Of the 28 participants who continued to the �nal session,
26 participants completed the intervention, and 551 sessions were successfully completed out of 560 planned sessions. The adherence
rate was 98.4%.

Secondary outcomes

There were no signi�cant differences in the between-group comparison for all items (Table 2). In the within-group comparison, the
Stroop test and K-BNT showed signi�cant improvement in both groups, but TMT, Go/no GO, and COWAT-semantic showed no
statistically signi�cant difference in groups (Table 2).

Discussion
To the best of our knowledge, this study is the �rst to investigate the feasibility and effectiveness of combined RS-tDCS and CT for
patients with chronic stroke (≥6 months onset). We attempted to show that application of tDCS with home-based CT in patients with
stroke is more effective at improving cognitive impairment than with home-based CT alone. In addition, we aimed to demonstrate that
the application of RS-tDCS is safe and feasible and propose modi�cation of the environment, tools, and protocol for RS-tDCS.

The �ndings of this study showed that performing RS-tDCS plus CT for patients with stroke associated with cognitive dysfunction,
especially moderate degree, has the potential to augment the effects of CT. Although the difference in K-MoCA score was not
statistically signi�cant in the between-group comparison, the fact that only the real group (especially those with moderate cognitive
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dysfunction) showed signi�cant improvement in K-MoCA score in the within-group comparison, suggests that RS-tDCS enhances the
effect of CT. In addition, the protocol in this study showed that RS-tDCS could be applied correctly and safely.

Effects on cognitive impairment

Regarding the K-MoCA, which re�ects general cognitive function, the real group showed signi�cant improvement, whereas the sham
group did not show any signi�cant improvement in the within-group comparison. In addition, the results of the sub-territory cognitive
function test of both groups were similar in each territory in the within-group comparison.

In this study, K-MoCA was more important than other cognitive function tests. The DLPFC, the target area in this study, is a multi-
cognition area. This means that it could have a greater effect on overall cognitive function [2, 7, 29] than on any single sub-territory, and
this could be re�ected in the outcomes for K-MoCA, which tests overall cognitive function. Therefore, signi�cant improvement was
observed in the K-MoCA evaluation for the real group, whereas no signi�cant improvement was observed in the evaluation of other sub-
territories of cognitive function.

tDCS has the advantage of easy add-on to the conventional rehabilitation training [5, 15]. It has been studied that better intervention for
stroke recovery is a combination of techniques to maximize neuroplasticity [4]. In a recent tDCS meta-analysis, when tDCS was added-
on to motor-related training, motor performance was improved [30]. Furthermore, home-based tDCS combined with occupational
therapy improved motor function [31]. tDCS added-on to CT for cognitive improvement would maximize neuroplasticity and is expected
to show a greater effect [4], since tDCS shows an additive effect with motor-related rehabilitation treatment. [5]

There was a particularly large improvement in the participant group with moderate cognitive impairment (K-MoCA: 10-17) (Fig. 4).
Similarly, a previous study found that tDCS signi�cantly improved visual short-term memory performance in a low performer rather
than a high performer, through a mechanism that promotes achievement of maximum capacity [32]. We can surmise that tDCS might
show a greater effect in participants with a certain degree of cognitive dysfunction; however, further research is needed to elaborate on
these �ndings. (Table 1). In particular, in this study of RS-tDCS, tDCS seemed to have better effect when targeting patients with
moderate cognitive decline (K-MoCA 10-17) that are capable of home-based CT.

Feasibility

Transcranial magnetic stimulation (TMS) and tDCS are frequently discussed and widely used techniques for brain stimulation.
Compared with TMS, tDCS is cheaper, safer, easier to apply, and portable [33]. In this study, RS-tDCS was found to be safe and feasible
under the proper protocol. Even though 2 out of 28 participants did not receive the required number of tDCS sessions due to unexpected
power-off caused by pre-charging mistake, these were not incidents due to unskilled tDCS application or inappropriate stimulation. This
can be prevented by adding simple items to the protocol.

Meanwhile, home-use tDCS [15] has the potential for abuse and misuse, increasing the risk of side effects. There is also an ethical
debate concerning the domiciliary utilization of tDCS devices and the demand for suitable restrictions [16]. Therefore, an appropriate
level of supervision and monitoring is required; RS-tDCS can be considered more suitable for home-based rehabilitation than home-use
tDCS.

In addition, RS-tDCS will help future tDCS studies to include individuals in rural areas, who often experience di�culties participating in
research.

RS-tDCS protocol details

The timing of tDCS application has two mechanisms of action. First, in the online mechanism (during stimulation), tDCS induces an
ionic concentration shift in the extracellular �uid, which affects the resting membrane potential, causing hypopolarization at the anode
and hyperpolarization at the cathode. Second, in the o�ine mechanism (after stimulation), hyper-communicative activity occurs at the
anode and hypo-communicative activity at the cathode via long-term potentiation and long-term depression [34].

In the present study, the online protocol was used; simultaneous application of online tDCS with home-based rehabilitation is
convenient for supervision and improving compliance. In a recent meta-analysis, both online and o�ine tDCS application appeared to
have bene�cial effects on cognitive function [2]. Depending on the circumstances, tDCS and CT could be administered separately.
Although previous o�ine application of tDCS for more than 30 minutes did not have a signi�cant effect [35], by the long-term
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potentiation mechanism, generalization of the tDCS effect is induced and, even if tDCS is applied o�ine, it would be able to show the
effect [34]. More research is needed regarding the timing of tDCS application to CT. If possible, using a broader window for the tDCS
application timing is bene�cial for use in home-based rehabilitation because of the increased �exibility.

For patients with stroke, the DLPFC has been highlighted as a promising brain stimulation target, since it is known to be a multipotent
target involved in working memory, attention, and executive function. In a recent meta-analysis, anodal tDCS applied to the DLPFC was
reported to be more effective for cognition than when applied to other regions [2, 29].

Woods reported that a drift of 1-1.5 cm in the electrode location can greatly alter the electrical �eld applied to the whole brain [36]. For
correct application, a head cap was used to enable simple and precise positioning of the anode over the left DLPFC and the cathode
over the right supraorbital region (Fig. 2). Fixation using an electrode band can result in some electrode drift, depending on the location,
and because the tightness of the band can affect the positioning, the band needs to be placed by trained persons, which is unsuitable
for home-based rehabilitation. Adjusting the electrode position with head cap is advantageous for home-based rehabilitation.

With regard to safety, there were no serious side effects when tDCS was applied at 2 mA for up to 30 min [5, 21]. A previous study
reported that tDCS was tolerable even when applied at 4 mA [37]. Similarly, in the present study, no serious adverse effects reported.
Although there was 1 case of redness and 1 case of dizziness, these symptoms improved after monitoring. In terms of the
effectiveness, there is a meta-analysis revealed that an increase in current and charge per unit area had a signi�cant bene�cial effect
on motor function. [38]

Accordingly, it is necessary to consider reducing the electrode size while applying the same current. However, additional research is
needed given that it is a home-based application with potential for slight error in the electrode application location and that tDCS is
used for cognitive function rather than motor function.

Limitations

This study has a few limitations. First, the location of the stroke lesion is known to be an important factor in the recovery of cognitive
function [39]; participants in both groups did not have the same location or the same lesion size. Second, it was conducted on a small
number of subjects. Therefore, there were limitations in the generalization of effects, and the analysis of underlying intrinsic factors
such as BDNF and ApoE [28] was not conducted properly. Third, participant questionnaires for the feasibility assessment were not
included. Even if accurate evaluation is di�cult due to the patient's cognitive decline, a questionnaire on psychological comfort,
economic acceptability, and ease of use of the tDCS application is required.

Furthermore, there may be several other sources of variability affecting the use of tDCS that were not analyzed in this study, such as
patient motivation [40], individual differences to tDCS intensity[5], and concomitant tasks and medications affecting the outcomes [4,
5]. Moreover, since this study was focused on home-based rehabilitation, there could also be home-derived variability (e.g., caregiver’s
cognitive function and number of caregivers involved in the supervision).

Conclusions
Home-based rehabilitation is becoming increasingly important. In this study, RS-tDCS was found to be safe and feasible and a
potentially favorable option for home-based cognitive rehabilitation. RS-tDCS has the potential to enhance the effectiveness of home-
based CT, especially in patients with a moderate level of cognitive decline.

List Of Abbreviations
COWAT = Controlled oral word association test

CT = cognitive training

DLPFC = dorsolateral prefrontal cortex

K-BNT = Korean-Boston Naming Test

K-DRS-2 = Korean version of the Dementia Rating Scale-2
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K-MoCA = Korean version of the Montreal Cognitive Assessment

tDCS = transcranial direct current stimulation

TMS = Transcranial magnetic stimulation

TMT = trail making test

RS-tDCS = remotely supervised-transcranial direct current stimulation
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Figure 1

Study design Computerized CT was performed in both the real and sham groups, and the only differences between them was the
application of tDCS stimulation. In each session, CT and tDCS stimulation (real or sham) were applied simultaneously for 30 min. A
total of 3 cognitive function tests were conducted: before (T0) and after (T1), and at 4 weeks after (T2) the 20 sessions.

Figure 2

Application of RS-tDCS equipment (Mindd Stim®, Ybrain Inc., Korea) A) Components of RS-tDCS  Module: source of electrical
stimulation, a signal is transmitted to the electrode along the cable.  Electrode: the anode is red, the cathode is blue, and the module is
connected by the cable. The diameter of the electrode is 6 cm (area 28.3 cm²).  Head cap: the position of the electrode can be
personalized. The �xing hole where the electrode is �xed can be located anywhere on the head cap (by perforating a hole). The chin
strap is integrated with the head cap to secure the head cap in a stable position [18]. B) Location of electrode application and head cap
wearing with the tDCS module: the anode is placed on the DLPFC, and the cathode is placed on the right supraorbital area. C)
Computerized cogCT with RS-tDCS: the computerized CT program (ComcogTM v.2.6, Neofact, Seoul, Korea, 2018) and RS-tDCS are
applied for 30 min simultaneously.
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Figure 3

Study �ow diagram This study recruited a total of 30 subjects, and 26 of these were evaluated for cognitive function.

Figure 4
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K-MoCA score for each group according to the level of cognitive function MoCA score was divided into moderate cognitive impairment
and mild cognitive impairment. A) K-MoCA score changes of all participants are shown. In the within-group comparison, a statistically
signi�cant improvement in the K-MoCA score is observed in the real group but not in the sham group (intra-p-value: Real [p=0.004] vs.
Sham [p=0.132]). B) In the within-group comparison of the moderate cognitive impairment group (K-MoCA: 10-17), a statistically
signi�cant improvement in the K-MoCA score is observed in the real group but not in the sham group (intra-p-value: Real [p=0.001] vs.
Sham [p=0.835]). C) In the within-group comparison of the mild cognitive impairment group (K-MoCA: 18-25), there is no statistically
signi�cant difference in both the real and sham groups (intra-p-value: Real [p=0.060] vs. Sham [p=0.064]). In the comparison between
the two groups (between-group comparison), there is no statistically signi�cant difference in all analyses. Statistical signi�cance was
de�ned as p<0.05


