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Objective: In numerous studies that have addressed transcranial direct current stimulation (tDCS) devices, participants 
visit the hospital regularly and undergo stimulation directed by health professionals. This method has the advantage 
of being able to deliver accurate stimuli in a controlled environment, but it does not adopt the merits of tDCS portability 
and applicability. Thus, it may be necessary to investigate how self-administered tDCS treatment at home affects depres-
sion-related symptoms.
Methods: In this randomized, single-blinded clinical trial, 58 patients with major depressive disorder were assigned 
to active and sham tDCS stimulation groups, and treatment responses were evaluated biweekly over six weeks. Both 
active and sham tDCS treatment group were treated with escitalopram. All participants were instructed the protocol 
and usage of at-home tDCS device, and self-administered tDCS treatment at their home. 
Results: The beck-depression inventory score decreased significantly as treatment progressed, and the degree of symptom 
improvement was significantly higher in the active group than in the sham tDCS group. There were no significant 
differences between the two groups in other indices, including the Hamilton Depression Scale. 
Conclusion: These results suggest that patient-administered tDCS treatment might be effective in improving subjective 
symptoms of depression. 
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INTRODUCTION

Major depressive disorder (MDD) is a severe psychi-
atric illness that causes various psychological and cogni-
tive symptoms that eventually lead to deterioration of dai-
ly functions [1]. Patients with MDD share similar psychi-
atric symptoms, but their progress and responses to treat-
ment are highly variable, complicating therapeutic man-
agement of depression [2]. 

Cross-country evidence suggests that the prevalence of 
depression is consistent with sociodemographic corre-
lates [3]. In South Korea, the lifetime prevalence of major 

depressive disorder was 5.0% (3.0% in males and 6.9% in 
females) among the entire population, and the annual 
prevalence rate was 1.5% (1.1% in males and 2.0% in fe-
males) in 2016 [4]. However, the number of patients who 
actually visit the hospital and receive treatment is much 
smaller than that of patients suffer from MDD [5]. 

Although various treatment methods have been in-
troduced including antidepressants, psychotherapy, elec-
troconvulsive therapy, and the combination of these ther-
apeutics [6], due to the heterogenicity of the illness, the 
response to treatment is widely inconsistent [2]. About 
two-thirds of patients in a previous study diagnosed with 
MDD were receiving related treatments, and only one-third 
of patients were taking antidepressant medications, which 
is the first-line therapy option for managing MDD [7]. This 
relatively low rate of antidepressant usage is also corre-
lated with patient reluctance to initiate medication due to 
worries of side effects and drug addiction [8] and only 25 
to 50 percent of depressive patients adhere to the anti-
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Fig. 1. Enrollment, allocation of groups and follow-up processes are presented with CONSORT flow-diagram. 
CONSORT, consolidated standards of reporting trials; IRB, institutional review board.

depressant treatment [9]. Thus, a number of non-pharma-
cological treatments (NPT) have been developed and the 
concurrent treatment of NPTs was related to higher adher-
ence to the treatment for depression [10]. Furthermore, 
the combined usage of antidepressant and neurostimula-
tion methods showed significant effects on the treatment 
of depression in the case of transcranial magnetic stim-
ulation [11] and electro-convulsive therapy [12].

Recently, transcranial direct current stimulation (tDCS), 
which sends low and constant direct current through elec-
trodes to the dorsolateral prefrontal area, has been widely 
examined, considering its potential to improve depres-
sion-related symptoms [13-16]. A meta-analysis of pa-
tients with acute major depressive episodes revealed that 
active tDCS treatment was significantly effective than the 
sham condition and the effect size was comparable to that 
of classical transcranial magnetic stimulation (TMS) ther-
apy [14]. A large-scale randomized control study that in-
vestigated the effects of antidepressants and tDCS on pa-
tients with unipolar depression, tDCS treatment was not 
inferior to antidepressant medication (e.g., escitalopram) 
but had more side effects [11]. 

Although tDCS devices have the advantage of being 

safe and more portable than TMS or electroconvulsive 
therapy, most previous studies were conducted in circum-
stances in which patients visited a hospital and were treat-
ed by health professionals. However, as patients receiving 
depression treatment may experience an inability to visit 
the hospital regularly, it is necessary to investigate wheth-
er known treatment effects of tDCS could be maintained 
at patients’ homes. Therefore, this study sought to confirm 
the effectiveness of self-application of a portable tDCS de-
vice that could be used at home and managed through a 
mobile application.

METHODS

Trial Design
In this randomized, single-blinded clinical trial, 58 pa-

tients with major depressive disorder without psychotic 
features were assigned to active and sham tDCS stim-
ulation groups in a 1:1 ratio, and treatment responses 
were evaluated biweekly over six weeks. Enrollment, allo-
cation and follow-up procedures are presented in Figure 
1. Twenty nine were allocated in active group and a total 
of 9 participants were discontinued during the interven-
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Fig. 2. Study design and participant selection.
tDCS, transcranial direct current stimulation.

tion. Two of them had a mild electrical burn on their fore-
head and 7 had a poor compliance with treatment. Among 
sham group (n = 29), a total of 4 participants halted the in-
tervention due to their poor compliance to the experiment. 
The procedure and timeline of the trial are shown in 
Figure 2. Participants had visited the hospital every two 
weeks and the raters who measured clinical-rated scales 
did not notice whether the participants were belonged to 
active or sham groups. 

Participants and Case Definition
Among inpatients and outpatients who were admitted 

to or visited Seoul St. Mary’s Hospital, The Catholic 
University of Korea, adults aged 19 to 65 years with diag-
nosis of MDD (based on the criteria of Diagnostic and 
Statistical Manual of Mental Disorders, 5th edition) were 
enrolled in this study. Participants with a history of alco-
hol or substance abuse and dependence, severe brain dis-
ease and trauma, neurological and motor disorders, at risk 
for suicide, who were pregnant, or who were showing 
mental disorders other than MDD and anxiety disorder 
were excluded (among anxiety disorders, patients with 
post-traumatic stress disorder and obsessive-compulsive 
disorders were not allowed to participate in the study). 
Participants with a total score of 22 points or higher on the 
Montgomery−Åsberg depression rating scale (MADRS) 
who had moderate to severe depressive symptoms were 
enrolled in the study [17].

At baseline, a total of 67 participants was screened, and 
58 were enrolled in the randomization process. As a re-
sult, 58 participants were equally split between the active 
and sham tDCS groups (antidepressant medications ＋ ac-
tive tDCS = 29 patients and antidepressant medication ＋ 

sham tDCS = 29 patients). There were 13 dropouts during 
the six-week period of tDCS treatment, including nine 

from the active tDCS group and four from the sham tDCS 
groups (Fig. 1). Thus, 20 participants in the active tDCS 
group and 25 participants in the sham tDCS group final-
ized the six-week treatment protocol, and the data of 
these participants were analyzed in this study. 

All subjects who participated in this study provided 
written informed consent, and the study was approved by 
the Institutional Review Board of the Ethics Committee of 
Seoul St. Mary’s Hospital at The Catholic University of 
Korea (KC09FZZZ0211).

Usage of Psychiatric Medication
Participants in both active and sham groups were pre-

scribed escitalopram 5−20 mg/day as conventional treat-
ment in combination with tDCS treatment. Patients who 
were previously given antidepressants, antipsychotics, or 
anticonvulsants require a washout period of at least five 
drug half-lives (e.g., venlafaxine hydrochloride and pa-
roxetine hydrochloride for at least two weeks, fluoxetine 
hydrochloride for at least five weeks). Concomitant usage 
of anxiety drugs was allowed; in this context, diazepam 
could be used up to a maximum dose of 20 mg per day, 
while benzodiazepine drugs other than diazepam were 
allowed at a dose equivalent to diazepam 20 mg per day.

Protocol of tDCS Treatment 
A randomized, single-blinded clinical trial was con-

ducted for six weeks. Participants visited the hospital four 
times (biweekly for two weeks) (Fig. 2). During their sec-
ond visit, a research nurse instructed each participant on 
use of home-based tDCS equipment (YDS-301N; Ybrain 
Inc., Seongnam, Korea), and all participants thereafter 
conducted tDCS treatment at home once a day for 30 mi-
nutes (five times per week). On the day on which partic-
ipants visited a hospital (baseline and weeks 2, 4, and 6), 
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a research nurse applied the stimulation with the same 
type of tDCS equipment (30 minutes/session for one ses-
sion), and the participant was told not to use the device 
again that day. Participants were instructed to install ap-
plication that control portable tDCS device. This applica-
tion allows us to check whether the device was properly 
used and specific parameters were recorded to verify the 
compliance of treatment (duration of stimulation, interval 
of each session, mean current intensity etc.). To enhance 
the compliance of the home-based tDCS treatment, par-
ticipants could access online manuals (https://youtu.be/ 
I9kNeUPLmZA, https://youtu.be/CBJPBiRWgXQ) before 
they use tDCS device at home. 

In the active tDCS treatment group, 2 mA of current was 
delivered during the 30 minutes of treatment. In the sham 
tDCS treatment group, the current rose slowly for 30 sec-
onds, descended for 30 seconds, and then remained at 
zero for 29 minutes. The anode was positioned at the left 
dorsolateral frontal cortex, and the cathode was posi-
tioned at the right lateral frontal cortex. The dorsolateral 
prefrontal cortex corresponds to Brodmann regions 9 and 
46 and corresponds to the F3 and F4 electrode regions of 
the electroencephalography 10-20 system. Thus, location 
of the anode was similar to that of F3, while the cathode 
was attached at F4. Dosage and types of psychiatric medi-
cations remained unchanged. The protocol of this study 
was registered in clinicalstrial.gov (ClinicalTrials.gov ID: 
NCT04543123).

Outcome Measurements 
The primary outcome of this study was improvement of 

a total score of objective and self-rated scales for 
depression. The Hamilton depression scale (HAM-D) [18] 
was deployed by a trained psychiatrist at every visit 
(weeks 0, 2, 4, and 6) and was used to measure the degree 
of depression observed by clinician. Observer-rated 
MADRS [19] which is known to more sensitive to the 
changes of depressive symptoms caused by treatment was 
also addressed [20]. To measure the subjective com-
plaints of depression, self-rated scale of the beck depres-
sion inventory (BDI) [21] and Perceived Deficits Ques-
tionnaire-Depression (PDQ-D) [22,23] were completed 
by participants. 

We also administered 8 other psychiatric scales, Hamilton 
anxiety scale [24], beck anxiety inventory [25], state−
trait anxiety inventory (S-TAI) [26], Cognitive Emotion 

Regulation Questionnaire [27], Connor-Davidson resil-
ience scale [28], and mini-mental status examination 
(MMSE) [29]. Basic demographic features including sex 
and age were also evaluated. 

Sample Size 
In the results of the most similar clinical study that ex-

amined the effect of tDCS on cognitive function in the past 
[30], there was a difference in MMSE value of 2.2 in the 
test group treated with tDCS compared to the control 
group, and the standard deviation estimate is, 3.0, the 
standard deviation of the indicator, was used after tDCS. 
Based on this, the number of samples for comparison of 
the mean (superiority) of independent samples is calculated. 
Calculated by the two-sided test with significance level α = 
0.05 and power 90% (1-ϐ).

n =
2σ2 (zα/2 ＋ zβ)2

 ≅ 39.06
d2

Based on the above formula, the number of samples in 
one group considering the drop-out rate (7.5%) is 42, and 
since it was a two-group test, the total number of samples 
was calculated as 84.

Randomization and Blinding 
This clinical trial was a single blind clinical trial, and 

only those who meet the criteria for inclusion/exclusion in 
the baseline were given an enrollment number from the 
investigator. The order of medical device allocation ac-
cording to the subject enrollment number was pro-
grammed using the latest version of SAS statistical soft-
ware version 9.4 (SAS Institute, Inc., Cary, NC, USA) by 
the block randomization method in consideration of the 
block size specified in advance by the statistician of this 
clinical trial. Through randomization, the study group/con-
trol group assignment of each subject enrollment number 
was determined with corresponding active tDCS and 
sham tDCS equipment which had the same appearance, 
display, and sound indication. For blinding in the sham 
tDCS treatment group, the stimulation current rose slowly 
for 30 seconds, descended for 30 seconds, and then re-
mained at zero for 29 minutes.

Statistical Analysis 
Independent t test was used in discriminating between 
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Fig. 3. Total score changes on psychiatric scales during the six-week treatment period: (A) beck-depression inventory (BDI), (B) Hamilton 
depression scale (HAM-D), (C) Montgomery−Åsberg depression rating scale (MADRS), and (D) mini-mental status examination (MMSE). Error bar 
denotes standard deviation (SD) in each point.
***p ＜ 0.001.

demographic and baseline characteristics of active and 
sham tDCS treatment groups. Repeated-measures analy-
sis of variance was administered to evaluate the time- 
varying covariates of each outcome measurement be-
tween the active and sham tDCS groups. General linear 
model with dependent variables of each psychiatric scale’s 
total score at the time of measurement (baseline, 2 weeks, 
4 weeks and 6 weeks) was constructed and multivariate 
test with time and time*group effect was analyzed. Test of 
within-subjects effects was measured with a sphericity as-
sumed hypothesis and the results of within-subjects con-
trasts was used to describe the time and time*group effect 
of tDCS treatment. Tests of between subjects effects was 
used to measure the group effect on the treatment of tDCS. 
Chi-square analysis was done to evaluate statistical differ-
ences between active and sham groups in following varia-
bles (i.e., education level, hospitalization, a number of 
responders and remitters). All statistical analyses were 
performed using Statistical Package for the Social Sciences 
version 23.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Demographic and Baseline Psychiatric Scales of the 
Active and Sham Groups 

Table 1 shows the results of demographic information 
and psychiatric scales of the active (n = 20) and sham (n = 
25) stimulation groups. There was no difference in age be-
tween the two groups, but the percentage of women was 
significantly higher in the active group than in the sham 
group (50% vs. 40%; p ＜ 0.001).

Twelve psychiatric scales including HAM-D and BDI 
were used to identify the baseline psychiatric status of the 
active and sham stimulation groups, and no significant 
differences were found except in the S-TAI (active group 
vs. sham group, mean ± standard deviation [mean ± SD]: 
65.6 ± 9.6 vs. 58.8 ± 9.8, p = 0.03). Although the sub-
jective level of anxiety was higher in the active stim-
ulation group, outcomes according to the Hamilton 
Anxiety Scale deployed by the psychiatrist were not sig-
nificantly different between the groups (active group vs. 
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Table 1. Demographic and baseline characteristics of active and sham groups

Variable Active group (n = 20) Sham group (n = 25) p value

Sex, female (%) 50.0 40.0 ＜ 0.001
Age (yr) 29.7 ± 11.6 28.5 ± 11.0 0.72
Education level

Bachelor’s degree, yes (%) 75.0 80.0 0.69a

Duration of illness (mo) 32.3 ± 32.6 25.1 ± 30.9 0.45
Comorbid psychiatric illness

Anxiety disorder, yes (%) 25.0 16.0
Escitalopram dosage (during the study, mg) 16.3 ± 6.5 16.0 ± 6.3 0.89
Escitalopram dosageb (before the study, mg)  (n = 8) 13.0 ± 5.9  (n = 8) 12.0 ± 5.3 0.66
Psychiatric Inpatient care, yes (%) 0.0 4.0 0.37a

Total score of psychiatric scales
MADRS 29.5 ± 8.5 26.6 ± 8.6 0.26
MMSE 29.3 ± 0.7 29.7 ± 0.7 0.08
HAM-D 18.8 ± 5.8 18.1 ± 6.2 0.69
HAM-A 21.7 ± 8.4 18.1 ± 8.5 0.17
PDQ-D 31.4 ± 16.5 28.7 ± 18.9 0.61
BDI 27.0 ± 12.0 21.6 ± 10.0 0.12
BAI 22.7 ± 15.7 16.5 ± 10.4 0.14
SAI 61.0 ± 11.0 54.6 ± 9.4 0.05
TAI 65.6 ± 9.6 58.8 ± 9.8 0.03
CERQ 98.4 ± 15.3 93.0 ± 15.3 0.25
CDRS 33.2 ± 15.5 36.9 ± 15.8 0.44
SDS 18.0 ± 7.8 17.6 ± 7.2 0.88

Values are presented as mean ± standard deviation.
MADRS, Montgomery−Åsberg depression rating scale; MMSE, mini mental status examination; HAM-D, hamilton depression scale; HAM-A, 
Hamilton anxiety scale; PDQ-D, perceived deficits questionnaire-depression; BDI, beck depression inventory; BAI, beck anxiety inventory; SAI, 
state anxiety inventory; TAI, trait anxiety inventory; CERQ, cognitive emotion regulation questionnaire; CDRS, Connor-Davidson resilience scale; 
SDS, self-rating depression scale.
aChi-square analysis. bIn case of participants who taking escitalopram before enrollment of the study.

sham group: 21.7 ± 8.4 vs. 18.1 ± 8.5; p = 0.17).

Effect of tDCS on Improvement of Depressive 
Symptoms 

Figure 3 shows the results of temporal changes of two 
indicators of depression (HAM-D and BDI) during tDCS 
treatment. BDI score, indicating subjective depressive 
symptoms, significantly improved in both the active and 
sham tDCS groups as treatment progressed (Fig. 3A), al-
though the increase in BDI score was significantly different 
between the active and sham tDCS groups; time*group ef-
fect of BDI score was greater in active group than sham 
tDCS groups (time effect: F = 41.76, df = 1, p ＜ 0.001; 
time*group effect: F = 11.29, df = 1, p ＜ 0.01; group: F = 
0.43, df =1, p = 0.52).

Total HAM-D score was also improved in both the ac-
tive and sham tDCS groups as treatment progressed, but 
no significant difference was found between these two 
groups (Fig. 3B, time effect: F = 59.87, df = 1, p ＜ 0.001; 

time*group effect: F = 2.81, df = 1, p = 0.10; group: F = 
0.04, df = 1, p = 0.85). Similar to the two indicators above, 
a total MADRS score significantly decreased as number of 
treatment sessions increased, though we could not dis-
cern any statistical differences between active and sham 
tDCS groups (Fig. 3C, time effect: F = 63.43, df = 1, p ＜ 

0.001; time*group effect: F = 2.37, df = 1, p = 0.13; group: 
F = 0.61, df =1, p ＜ 0.44). The change of PDQ-D total 
score was also similar to other psychiatric scales (time ef-
fect: F = 7.25, df = 1, p = 0.10: time*group effect: F = 1.12, 
df = 1, p = 0.29; group: F = 0.02, df = 1, p = 0.90).

Since the active tDCS group showed a larger BDI score 
change relative to the sham tDCS group, we further ana-
lyzed the change in BDI score before and after treatments 
(Fig. 4). The decrement in BDI score before and after treat-
ment was significantly greater in the active tDCS group 
than in the sham tDCS group (active group vs. sham 
group: mean ± SD, 10.40 ± 7.98 vs. 3.80 ± 7.01; t = 2.95, 
p ＜ 0.05). This outcome suggests that the degree of im-
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Fig. 4. Decrement of total BDI score between posttreatment and 
baseline in the active and sham tDCS treatment groups. 
BDI, beck-depression inventory; tDCS, transcranial direct current 
stimulation.
*p ＜ 0.05.

provement of subjective depression in the active tDCS 
group was higher than that in the sham tDCS group.

To confirm the improvement of degree of depression in 
the active and sham tDCS groups, we measured the ratio 
of responders (＞ 50% decrease in MADRS scores) and re-
mitters (MADRS ＜ 10 or HAM-D ＜ 7 at the endpoint) in 
both groups, but no statistical significance was found (a 
number of responders in active group vs. sham group, 10 
vs. 9, p = 0.34; a number of remitters in active group vs. 
sham group, 7 vs. 10, p = 0.73, chi-square analysis).

Effect of tDCS Treatment on Cognition and Side Effects
To investigate whether the six weeks of tDCS treatment 

affected short-term cognition, we measured the score of 
the MMSE at each visit. When comparing the data from 
the initial visit and six weeks after treatment, there was no 
significant change in MMSE score in either the active or 
sham tDCS groups and no significant difference in change 
in MMSE score between the two groups over time (Fig. 3). 
Among 45 participant, one reported mild headache after 
the tDCS treatment but soon resolved symptoms and com-
pleted the experiment. Two of 20 participants in the ac-
tive group showed a mild electrical burn. They were re-
ferred to dermatology immediately and fully recovered af-
ter the treatment. Other side effects were not reported in 
these participants. 

DISCUSSION

In this study, we showed that at-home usage of tDCS 
devices was effective in improving subjective feeling of 
depression, as represented by total BDI score. The degree 
of improvement among depression-related symptoms ex-
perienced by patients was significantly higher in the ac-
tive tDCS stimulation group than in the sham group but 
without a significant difference when measured using to-
tal HAM-D. In addition, short-term tDCS treatment for six 
weeks had no significant effect on MMSE score. 

Our results are comparable to previous important find-
ings of the effect of tDCS on depression [31]. Loo et al. 
[32] showed that 15 sessions over three weeks of 2-mA 
tDCS treatment significantly improved mood symptoms. 
In this study, the primary outcome measurement of 
MADRS showed a significant interaction between group 
and time, but no significant differences were found be-
tween the sham and active groups. Another sham-con-
trolled, double-blinded study that targeted treatment-resistant 
major depressive disorder patients found that scores on 
the Hamilton Rating Scale for Depression-17 scale were 
not significantly different between active and sham tDCS 
groups [33]. 

A recent randomized controlled tDCS trial also found 
that MADRS score significantly improved with continuing 
treatment, but no significant difference was found be-
tween active and sham groups [34]. Our results reveal 
similar outcomes to those of previous studies. With an in-
crease in number of tDCS treatment sessions, scores asso-
ciated with depression-related symptoms (i.e., HAM-D, 
BDI, and MADRSs) seemed to improve. However, only a 
total score of BDI was ultimately significantly different be-
tween the active and sham tDCS treatment groups. These 
results suggest that, in cases where patients use devices 
themselves at home, tDCS is effective in terms of improv-
ing subjective symptoms of depression, similar to when 
being treated by clinical experts at the hospital. 

Our results of a significant difference in only BDI score 
between active and sham tDCS groups support that sub-
jective symptoms of depression might be correlated with 
the characteristics of at-home tDCS treatment. Unlike in 
conventional tDCS administered by clinicians in the hos-
pital, self-administered tDCS at the patient’s home re-
quires both continued efforts and motivation on their part. 
The willingness to continue treatment might be related to 
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a substantial improvement of symptoms in the sham 
group and might contribute to the nonsignificant differ-
ences between the active and sham tDCS groups.

We also found that improvement in total BDI score was 
greater at the beginning of treatment than in later stages 
(Fig. 3). The decrement in BDI score was prominent in 
both active and sham groups until the second week of 
treatment, while degree of improvement slowed after the 
fourth week. Although it was not statistically significant, 
the degree of MADRS score improvement was also more 
pronounced in the first four weeks after treatment than be-
tween four and six weeks. 

Our findings suggest a noticeable improvement of de-
pressive symptoms immediately following initiation of 
tDCS treatment. A prior study that applied tDCS in pa-
tients with phantom limb pain reported an immediate and 
sustained effect on relief of neuropathic pain with five 
days of active treatment [35]. Other clinical tDCS trials on 
depression measured primary outcomes within two to 
four weeks after treatment (five times/week), and improve-
ments in depression-related symptoms mainly occurred 
during this period [36]. Our findings suggest that the effect 
of tDCS appears predominantly after initiation of treat-
ment.

Although quantitative aspects of cognition were not used, 
we found that active stimulation of tDCS treatment did not 
significantly affect cognitive function, as measured by to-
tal MMSE score. It has been reported that tDCS treatment 
has no reliable effect on various dimensions of cognitive 
function (e.g., executive function, language, memory) in 
the healthy population [37] and showed no cognitive 
benefits in MDD patients [38]. Considering these results, 
our findings suggest that tDCS treatment within six weeks 
may not result in short-term cognitive decline or improve-
ment.

Our results should be interpreted in their context with 
several limitations. First, participants in both active and 
sham tDCS groups were prescribed escitalopram during 
the enrollment period of the study. Thus, the nonsignifi-
cant differences in scores of depression-related scales ex-
cept BDI between groups might be the result of treatment 
effects of antidepressants. Second, although we found that 
improvement in total BDI score was more prominent in 
the active group, that of the total HAM-D score was not. 
Therefore, there remains a possibility that an improve-
ment in depression symptoms could fall within the sub-

threshold range in which clinicians cannot detect. Third, 
as three different psychiatric scales were used to assess 
depressive symptoms (MADRS, HAM-D, and BDI), there 
is a possibility of the type II errors in our results. Fourth, 
there was a statistically significant difference in sex ratio 
between the groups. Although a recent study suggested 
that sex might be not a predictor of treatment response 
[39], findings in this study could be affected by the larger 
number of females in the active tDCS group. Fifth, we in-
herently could not compare the effect of tDCS with the ef-
fect of antidepressants. Further investigation is needed to 
compare the effects of at-home tDCS treatment−only and 
antidepressant-only groups. Sixth, the enrolled patient in 
this study was less than initially planned (20 of 29 in ac-
tive, 25 of 29 in sham groups) and they were excluded in 
the analysis. As a commonly used method of imputing da-
ta with dropouts, such as the last observation carried for-
ward was not used, the results reported in this study may 
lead to bias. 

In conclusion, our findings suggest that self-adminis-
tered tDCS with an antidepressant treatment among MDD 
patients may have a significant effect on the improvement 
of total BDI score. Other measurements of depression, 
such as HAM-D and MADRS scores, were not sig-
nificantly different between active and sham tDCS groups. 
Treatment response was usually noticeable at two to four 
weeks after start of treatment, and there was no significant 
change in MMSE score in either the active or sham tDCS 
group. This study suggests that self-administering tDCS 
treatment at home could be effective in improving the 
subjective symptoms of depression.
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