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Recent research on neuromodulation techniques, such as transcranial direct current stimu-
lation (tDCS), for the treatment of schizophrenia has mainly focused on psychotic symptoms. 
We aimed to determine whether repetitive tDCS is efficacious in improving determinants 
of outcome, such as cognitive function, daily living skills, and depressive mood in patients 
with schizophrenia. Twenty-eight patients underwent tDCS (2 mA × 20 min) two times per 
day for 5 consecutive days. The anodal electrode was placed over the left dorsolateral 
prefrontal cortex while the cathodal electrode was placed over the right supraorbital region. 
One month after the last stimulation, there was a significant improvement on cognitive func-
tion, measured by the brief assessment of cognition in schizophrenia (d = 0.49). Significant 
effects were also shown on daily living skills (functional capacity), measured by the UCSD 
performance-based skills assessment-brief (d = 0.70). Depressive symptoms, measured 
by the Calgary depression rating scale, as well as psychotic symptoms measured by on 
the positive and negative syndrome scale positive and general psychopathology subscales 
also responded to the treatment (d = 0.38, d = 0.48, and d = 0.50, respectively). This is 
the first study to suggest that tDCS with the anodal electrode on the left prefrontal cortex 
improves functional capacity and depressive symptoms in patients with schizophrenia. 
These results may add to the concept that tDCS provides a strategy to enhance functional 
outcomes in patients with schizophrenia.

Trial registration: https://upload.umin.ac.jp/cgi-open-bin/ctr/ctr_view.cgi?recpt-
no=R000018556, UMIN000015953.

Keywords: brain stimulation, cognition, daily living skills, tDcs, functional outcome

inTrODUcTiOn

Schizophrenia patients elicit psychotic symptoms, mood symptoms, and cognitive impairment 
(1–3). Specifically, cognitive function, such as learning memory, working memory, executive func-
tion, verbal fluency, and attention/information processing, are impaired in patients with the illness 
(4, 5). Functional capacity is defined as the potential to perform everyday living activities, which 
require financial competence, communication skills, and so on (6). By contrast, real-world functional 
outcomes (social function) are greatly affected by several factors, such as opportunities and incentives 
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TaBle 1 | Clinical characteristics of patients (n = 28).

Variables Mean ± sD or n

Inpatient/outpatient 22/6
Male/female 16/12
Age, year 40.9 ± 9.8
Age at onset, year 23.6 ± 6.7
Duration of present illness, year 17.3 ± 9.9
Chlorpromazine equivalent dose of antipsychotics, mg/day 889.0 ± 587.1
Duration of education, year 13.8 ± 1.7
Premorbid IQ 99.6 ± 12.0
Global assessment of functioning 38.6 ± 6.9
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that influence functioning in everyday situations (7). These levels 
of functional outcomes (cognitive function, functional capacity, 
social function) have been reported to be associated with each 
other (8, 9).

In patients with schizophrenia, functional connectivity of 
the frontoparietal control network and inter-hemispheric con-
nectivity are decreased, which may play an important role in 
the pathophysiology of impairment of higher order cognitive 
task-related activities (10–12). The dorsolateral prefrontal cortex 
(DLPFC) is reported to be related to these circuits, and shows 
functional changes of cognitive function in schizophrenia (13, 14). 
Transcranial direct current stimulation (tDCS) is a feasible and 
safe method, using weak and direct electrical current to the brain 
through electrodes (15, 16). tDCS changes cortical excitability, 
modulated by glutamatergic activity via actions on catecholamine, 
acetylcholine and serotonin receptors (17–19). With this mecha-
nism, tDCS over the left DLPFC has been suggested to modulate 
corticosubcortical/corticocortical pathways (20, 21).

The beneficial effect of tDCS on cognitive function has been 
reported. For example, Vercammen et al. observed that a subset 
of patients with schizophrenia, with greater variance in the active 
relative to the sham conditions, may respond to tDCS over the 
DLPFC (22). In addition, Schretlen et  al. reported facilitative 
effects of tDCS over the left DLPFC on measures of working 
memory and aspects of verbal fluency relevant to word retrieval 
(18). Moreover, Hoy et  al. found that repeated tDCS over the 
left DLPFC may enhance working memory in schizophrenia by 
restoring normal gamma oscillatory function (23). Furthermore, 
a sham-controlled randomized study demonstrated that repeated 
tDCS over the left DLPFC improved performance on the 
MATRICS Consensus Cognitive Battery (24). Thus, the DLPFC 
has been a target for studies investigating tDCS on cognitive func-
tion in schizophrenia (18, 22–24).

Although these studies indicate the facilitative effect of tDCS 
over the DLPFC on some domains of cognitive function, there is 
little information on whether tDCS would improve a higher level 
of functional outcome, e.g., daily living skill linked to cognitive 
function (functional capacity), in schizophrenia. We hypoth-
esized that tDCS may also be effective in improving functional 
capacity in schizophrenia, since this level of functional outcome 
is associated with cognitive function, as mentioned above (8, 9). 
To our knowledge, no study has been attempted to determine 
whether tDCS directly improves functional capacity, or the 
improvement on other symptoms, such as psychosis, depression, 
would indirectly improves it. Based on these considerations, the 
primary aim of present study was to evaluate the effect of anodal 
tDCS over the left DLPFC on functional capacity in schizophre-
nia. Also, we sought to determine whether or not a putative 
improvement of functional capacity by tDCS would be related 
to changes of other clinical factors, such as cognition, psychotic 
symptoms, and depressive symptoms.

MaTerials anD MeThODs

Participants
Inpatients or outpatients treated at National Center Hospital, 
National Center of Neurology and Psychiatry, were enrolled. 

Participants were recruited by psychiatrists’ referrals. They pro-
vided written informed consent before starting the trial.

Subjects met the following inclusion criteria:

(1) Meeting DSM-5 criteria for schizophrenia.
(2) Being 20 through 60 years old.
(3) Being able to sign and give consent.

Patients with any of the following diagnoses in accordance with 
clinical interview by psychiatrists were excluded from the study:

(1) Alcohol or substance disorder
(2) Traumatic brain injury
(3) Epilepsy

Twenty-eight subjects were enrolled, and completed the study 
without any dropout. Baseline characteristics of patients are 
shown in Table 1. The mean and standard deviation of premorbid 
IQ assessed by the Japanese Adult Reading Test (25) was 99.6 
(12.0). The mean standard deviation of the global assessment of 
functioning (26) was 38.6 (6.9). Antipsychotics taken by partici-
pants were as follows: risperidone (eight patients), paliperidone, 
quetiapine, aripiprazole (seven for each), olanzapine (six), halop-
eridol (three), chlorpromazine, levomepromazine, zotepine (two 
for each), perospirone, blonanserin, sulpiride (one for each). No 
medication was modified during the study period. No severe side 
effect was observed throughout the trial. All participants toler-
ated the treatment well.

intervention
We used a Soterix Medical 1 × 1 Transcranial Direct Current 
Low-Intensity Stimulator Model 1,300 A. For each session, the 
tDCS montage comprised placement of the anode over the left 
DLPFC and the cathode over the right supraorbital area (cor-
responding to F3 and FP2, according to the International 10–20 
electroencephalography system), as previously investigated 
(27). Rubber electrodes were inserted in 35-cm2 saline-soaked 
sponges, and were fixed with headband. We applied direct 
current of 2  mA for 20  min per  session. Subjects underwent 
10 tDCS sessions in 5 consecutive days, twice per day. On 
each day, tDCS intervention was performed approximately at 
10 a.m. and 2 p.m.

Trained psychiatrists administered tDCS intervention. In order 
to maximize adherence, we provided all included patients and 
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TaBle 2 | Study schedule.

study period

enrollment intervention Follow-up

Time point Week 1 Week 2 (5 consecutive 
days)

Week 7

enrollment
Eligibility screen X
Informed consent X
Sociodemographic 
characteristics

X

intervention
tDCS (twice/day)
assessments
BACS X X
UPSA-B X X
PANSS X X
CDSS X X
Adverse events X X

BACS, the brief assessment for cognition in schizophrenia; UPSA-B, the UCSD 
performance-based skills assessment-brief; PANSS, positive and negative syndrome 
scale; CDSS, Calgary depression scale for schizophrenia.
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their study partners with costs of transportation, and reminded 
and rescheduled all of the patients’ visits if necessary.

Criteria for discontinuing interventions were as follows:

(1) In case patients withdraw informed consent to participate.
(2) In case severe adverse effects are observed.
(3) In case patients fail to undergo three consecutive sessions of 

tDCS.

Adjusting drugs were considered as a protocol deviation dur-
ing the trial.

Outcome Measures
Subjects were assessed at baseline and 1  month after the last 
stimulation. Each evaluation was performed by experienced psy-
chologists (Kazuki Sueyoshi and Crystal Lin). They were trained 
at a workshop.

Cognition
Cognitive function was assessed by the BACS. It is used to evalu-
ate cognitive domains that are typically impaired in patients with 
schizophrenia, including verbal memory (Verbal Memory Task), 
verbal working memory (Digit Sequencing Task), motor/speed 
(Token Motor Task), verbal fluency (Verbal Fluency Task), atten-
tion/information processing (Symbol Coding Task), and execu-
tive function (Tower of London Task) (28). The higher scores 
represent better cognition. To provide a standard metric for 
combining test scores into domains and comparing performance 
over time, BACS scores were converted to z-scores (continuous 
variables) which show performances relative to those of healthy 
people (5). Alternative forms were used for the Verbal Memory 
Task and Tower of London Task at baseline and follow-up 
assessments.

Functional Capacity (Daily Living Skills)
Functional capacity was assessed by the UPSA-B (29). It is 
one of the measures most frequently used to evaluate daily 
living skills linked to cognitive function in schizophrenia (9, 
29). Patients performed worse on the UPSA-B than do healthy 
individuals, a finding pertinent to some of the non-Western 
countries including Japan (9, 29). The UPSA-B consists of 
finance and communication subscales, which are continuous 
variables. Subscale scores of the two domains of the UPSA-B 
were converted into standard scores ranging from 0 to 50, so 
that the maximum of the total score was 100 (30). The higher 
scores represent better functional capacity. The validity of its 
Japanese version was confirmed (29).

Psychotic Symptoms
Psychotic symptoms were evaluated by the positive and negative 
syndrome scale (PANSS), commonly used for the assessment 
of psychotic symptoms of schizophrenia (31). The PANSS is a 
structured interview, consisting of positive, negative, and general 
psychopathology subscales (with scores ranging from 7 to 49, 
from 7 to 49, and from 16 to 112, respectively), whose scores are 
regarded as continuous variables. The higher scores represent 
more severe psychotic symptoms.

Depression
The Calgary depression scale for schizophrenia (CDSS), recom-
mended as a brief and reliable tool for the assessment of severity 
of depression in schizophrenia (32), was used to assess depres-
sive symptoms. The CDSS is a structured interview, consisting 
of items for depression, hopelessness, self-depreciation, guilty 
ideas of reference, pathological guilt, morning depression, early 
wakening, suicide, and observed depression. The score of each 
item ranges from 0 to 3 (i.e., discrete variable) (32). The higher 
scores represent more severe depressive state.

This study was approved by Ethical Committee of National 
Center of Neurology and Psychiatry, Tokyo, Japan. This was a sin-
gle-arm, open-label study in which outcome measures were car-
ried out before and after tDCS intervention (UMIN000015953). 
The patients first underwent a baseline assessment of the BACS, 
UPSA-B, PANSS, and CDSS; then they participated in the stimu-
lation protocol consisting in twice-daily (10  a.m. and 2  p.m.) 
anodal tDCS over the left DLPFC and cathodal tDCS on the right 
superorbital area for 5 days, and were assessed again 1 month after 
the last stimulation. The study schedule is summarized in Table 2.

statistical analysis
Correlations between baseline values and their changes from 
baseline of BACS, UPSA-B, PANSS, and CDSS scores, were 
evaluated. Correlations were also examined for chlorpromazine 
equivalent dose of antipsychotics vs. changes from baseline of 
BACS, UPSA-B, PANSS, and CDSS scores, as well as change from 
baseline of UPSA-B scores vs. changes from baseline of BACS, 
PANSS, and CDSS scores.

Statistical analysis was conducted using STATA 14, created by 
StataCorp in TX, USA. We performed a per protocol approach 
for subjects who were followed-up until the end of study point. 
For continuous variables in the BACS, UPSA-B, PANSS, we used 
Student’s t-test. For a discrete variable in the CDSS, we performed 

http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org
http://www.frontiersin.org/Psychiatry/archive


TaBle 3 | Outcome measures at baseline and 1 month after the treatment.

Baseline, mean ± sD Follow-up, mean ± sD t-Value (degree of freedom) or z-value p-Value effect size

Bacs (Z-scOre)

Composite score −1.86 ± 0.92 −1.40 ± 0.93 t = 4.23 (27) <0.001 d = 0.49
Verbal memory −1.67 ± 1.06 −1.06 ± 1.14 t = 4.53 (27) <0.001 d = 0.55
Digit sequencing −1.16 ± 1.38 −0.95 ± 1.37 t = 1.52 (27) 0.14 d = 0.15
Token motor −3.27 ± 1.25 −2.73 ± 1.23 t = 2.47 (27) 0.020 d = 0.44
Verbal fluency −1.19 ± 1.05 −0.84 ± 0.89 t = 2.10 (27) 0.046 d = 0.36
Symbol coding −2.25 ± 1.22 −2.21 ± 1.44 t = 0.25 (27) 0.80 d = 0.03
Tower of London −1.76 ± 2.03 −1.12 ± 2.16 t = 1.88 (27) 0.071 d = 0.31

UPsa-B

Total 68.4 ± 14.8 79.0 ± 15.5 t = 5.89 (27) <0.001 d = 0.70
Finance 41.4 ± 8.1 45.8 ± 6.2 t = 3.35 (27) 0.002 d = 0.61
Communication 27.1 ± 9.6 33.2 ± 11.1 t = 3.57 (27) 0.001 d = 0.59

Panss

Positive syndrome 15.7 ± 5.7 13.1 ± 4.8 t = 2.31 (27) 0.029 d = 0.48
Negative syndrome 14.9 ± 8.0 13.6 ± 6.7 t = 1.24 (27) 0.23 d = 0.17
General psychopathology 32 ± 8.1 28.3 ± 7.1 t = 2.35 (27) 0.027 d = 0.50

cDss

Total 8.00 ± 4.97 5.36 ± 3.89 z = 2.83 0.005 r = 0.38
Depression 0.79 ± 0.79 0.89 ± 0.92 z = 0.79 0.43 r = −0.11
Hopelessness 0.86 ± 0.93 0.57 ± 0.74 z = 1.58 0.11 r = 0.21
Self-depreciation 1.21 ± 1.17 0.71 ± 0.85 z = 2.46 0.014 r = 0.33
Guilty ideas of reference 0.75 ± 1.04 0.50 ± 0.64 z = 0.39 0.39 r = 0.11
Pathological guilt 0.82 ± 0.90 0.57 ± 0.88 z = 1.58 0.11 r = 0.21
Morning depression 0.82 ± 0.72 0.61 ± 0.63 z = 2.12 0.034 r = 0.28
Early wakening 1.68 ± 1.25 1.00 ± 0.86 z = 3.11 0.002 r = 0.42
Suicide 0.61 ± 0.83 0.25 ± 0.52 z = 1.99 0.046 r = 0.27
Observed depression 0.46 ± 0.51 0.25 ± 0.44 z = 1.90 0.058 r = 0.25

BACS, The Brief Assessment for Cognition in Schizophrenia; UPSA-B, The UCSD Performance-based Skills Assessment-Brief; PANSS, Positive and Negative Syndrome Scale; 
CDSS, Calgary Depression Scale for Schizophrenia.
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Wilcoxon signed-rank test. Pearson’s product moment correla-
tion coefficient was used for the relationship between clinical 
variables.

Monitoring
A systematic review revealed that the most common adverse 
events were itching, tingling, headache, burning sensation, and 
discomfort (33). A trained psychiatrist evaluated the safety with 
a semistructured checklist of these symptoms after each inter-
vention. An independent safety monitoring committee ran an 
interim analysis for safety every week.

resUlTs

Table 3 shows outcome measures at baseline and 1 month after 
the last administration of tDCS.

cognition
Significant improvement was found on BACS composite scores 
(t  =  4.23, p  <  0.001), as well as on verbal memory (t  =  4.53, 
p < 0.001), motor/speed (t = 2.47, p = 0.020), and verbal fluency 
(t = 2.10, p = 0.046) subtests. Improvement of verbal memory 
was associated with a largest effect size (d = 0.55), while small to 
medium effect sizes were noted for motor/speed (d = 0.44), verbal 
fluency (d = 0.36), and composite scores (d = 0.49). No significant 

improvement was found on working memory, attention/informa-
tion processing, and executive function.

Functional capacity (Daily living skills)
Significant improvement was noted on UPSA-B finance (t = 3.35, 
p  =  0.002) and communication (t  =  3.57, p  =  0.001) subscale 
scores, as well as on total scores (t = 5.89, p < 0.001), with medium 
to large effect sizes (d = 0.61, d = 0.59, and d = 0.70, respectively).

Psychotic symptoms
Significant improvement was found on PANSS positive (t = 2.31, 
p  =  0.029) and general psychopathology (t  =  2.35, p  =  0.027) 
subscale scores, with medium effect sizes (d = 0.48 and d = 0.58, 
respectively). On the other hand, no significant improvement was 
found for negative syndrome subscale scores.

Depression
Significant improvement was demonstrated on self-depreciation 
(z = 2.46, p = 0.014), morning depression (z = 2.12, p = 0.034), 
early wakening (z  =  3.11, p  =  0.002), and suicide (z  =  1.99, 
p = 0.046) item scores, as well as total scores (z = 2.83, p = 0.005) 
of the CDSS, with small to medium effect sizes (r = 0.33, r = 0.28, 
r  =  0.42, r  =  0.27, and r  =  0.38, respectively). On the other 
hand, depression, hopelessness, guilty ideas of reference, patho-
logical guilt, and observed depression items were not significantly 
changed.
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FigUre 2 | Correlation between the baseline and change from baseline of 
positive and negative syndrome scale (PANSS) negative subscales (r = −0.56, 
p < 0.002).

FigUre 1 | Correlation between the baseline and change from baseline of 
positive and negative syndrome scale (PANSS) positive subscales (r = −0.65, 
p < 0.001).

FigUre 4 | Correlation between the baseline and change from baseline of 
Calgary depression scale for schizophrenia (CDSS) total scores (r = −0.66, 
p < 0.001).

FigUre 3 | Correlation between the baseline and change from baseline of 
positive and negative syndrome scale (PANSS) general psychopathology 
subscales (r = −0.64, p < 0.001).
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correlation
No significant correlation was noted between baseline values and 
their changes from baseline of BACS and UPSA-B scores. In con-
trast, significant negative correlations were demonstrated between 
baseline values vs. their changes from baseline of PANSS positive 
subscales (r  =  −0.65, p  <  0.001, Figure  1), negative subscales 
(r = −0.56, p < 0.002, Figure 2), general psychopathology subscales 
(r = −0.64, p < 0.001, Figure 3), and CDSS total scores (r = −0.66, 
p < 0.001, Figure 4). No significant correlation was found between 
chlorpromazine equivalent dose of antipsychotics vs. changes from 
baseline of BACS, UPSA-B, PANSS, and CDSS scores. The same 
applied to correlations between change from baseline of UPSA-B 
scores vs. changes from baseline of BACS, PANSS, and CDSS scores.

DiscUssiOn

To our knowledge, this study was the first to suggest the ability of 
tDCS to improve daily living skills linked to cognition (functional 

capacity, measured by UPSA-B), as well as depressive symptoms 
(measured by the CDSS) in patients with schizophrenia. Also, 
this study was the first to indicate the improvement of functional 
capacity after 5-day administration of tDCS, which was not cor-
related with the change of cognition, psychosis, and depression. 
At the same time, tDCS was found to enhance cognition in these 
subjects.

The results obtained in this trial are consistent with those 
from other studies indicating that tDCS may be effective to 
improve cognition in healthy controls (34–36) and patients 
with schizophrenia (18, 22, 23, 37). In a previous study, five 
sessions of tDCS in consecutive days, with the anode over F3 
and the cathode over FP2, enhanced working memory and 
attention/vigilance to a greater extent than did sham-treatment 
in patients with schizophrenia (24). In our study, significant 
effects of tDCS were noted in the domains of verbal memory 
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(with different versions of word lists at baseline and follow-up), 
with a small to medium effect size, which suggests that tDCS 
moderately promotes cognitive function in schizophrenia. On 
the other hand, no significant improvement was demonstrated in 
working memory. This discrepancy may be due to the difference 
in the study design, treatment regimen (5 session of tDCS in 
consecutive days in the previous study, while 10 sessions of tDCS 
in 5 consecutive days in our study), and/or sample size. It is also 
possible that an effect on working memory might have vanished 
in 1-month follow-up period. In this sense, the inclusion of data 
on the cognitive outcomes immediately after the last stimulation 
could have provided more detailed information. While a previ-
ous study evaluated working memory immediately after the last 
tDCS (24, 38), the measurement of the BACS and UPSA-B at this 
time-point were not included in our protocol. This was because 
evaluating the BACS and UPSA-B just 1  week after baseline 
assessments with the same tests could produce learning effects.

The mechanisms by which tDCS affects cognitive function 
in schizophrenia may be explained in several ways. Functional 
connectivity of the frontoparietal control network and inter-
hemispheric connectivity are decreased in schizophrenia 
patients, likely to be related to impairment of higher order 
cognitive task-related activities and disruption of the default 
mode network (10–12). Several studies demonstrated that 
tDCS alters functional connectivity in, for example, the default 
mode network and the frontoparietal control network, in 
healthy subjects (39, 40). Also, a case study reported that tDCS 
changed functional brain connectivity in the anterior part of the 
default mode network (41). Furthermore, Kim et al. reported 
neurophysiological evidence that tDCS modulates sensory gat-
ing in schizophrenia (42). Neurochemically, the after-effects of 
anodal tDCS are considered to depend on modulation of both 
GABAergic and glutamatergic synaptic transmissions (17). 
Further investigations of biological measures are warranted to 
elucidate the mechanisms by which tDCS exerts pro-cognitive 
effects.

tDCS was also found to improve daily living skills linked to 
cognition (functional capacity), measured by the UPSA-B with 
medium to large effect sizes, in schizophrenia. To our knowl-
edge, there has been no attempt to elucidate the effect of tDCS 
on this level of functional outcomes in psychiatric conditions. 
In view of the association between performance on the UPSA-B 
and real-world functional outcomes (43), the result reported 
here suggests the ability of tDCS to enhance social outcome in 
schizophrenia.

Data from this study also suggest the ability of tDCS to amelio-
rate depressive mood, evaluated objectively by the CDSS (32), in 
patients with schizophrenia. Results from a meta-analysis indicate 
that tDCS is effective in treating patients with major depressive 
disorder, with an effect size comparable with those reported for 
repetitive transcranial magnetic stimulation and antidepressant 
drugs (44). Some domains in depressive symptoms were improved 
with small to medium effect sizes, similar to the case in patients 
with major depressive disorder (44). The antidepressant effect of 
tDCS may be related to hypoactivity of the left DLPFC, which is 
likely to be restored by anodal tDCS (45). The results presented 
in the current study are consistent with this hypothesis, and may 

provide a strategy to ameliorate treatment-resistant depressive 
symptoms in patients with schizophrenia.

tDCS was found to improve positive symptoms and general 
psychopathology with medium effect sizes, which is advanta-
geous for patients suffering from psychotic symptoms. So 
far, two studies have attempted to see the effect of tDCS on 
psychopathology, as measured by the PANSS. Brunelin et  al. 
did not find a significant effect on either positive or negative 
symptoms. These authors placed the anodal electrode over a 
point midway between F3 and FP1 and the cathodal electrode 
over a point midway between T3 and P3 (46). On the other 
hand, Smith et  al. observed significant improvement only in 
negative symptoms. These investigators placed the anode over 
F3 and the cathode over FP2 (24). Taken together, further stud-
ies to seek optimal methods of tDCS to ameliorate psychotic 
symptoms are needed.

Changes of cognition and daily living skills were not corre-
lated with their baseline scores. In contrast, the improvements 
of positive symptoms, negative symptoms, general psychopathol-
ogy, and depression were correlated with their baseline scores. 
These observations suggest the lack of ceiling effects of tDCS on 
cognition and daily living skills. Also, the lack of significant corre-
lation between chlorpromazine equivalent dose of antipsychotics 
vs. the improvement of cognition, functional outcome, psychotic 
symptoms, and depression suggests that tDCS may improve 
these outcome measures regardless of the dose of antipsychot-
ics. Furthermore, the lack of significant correlation between 
the improvement of functional capacity vs. cognition, positive 
symptoms, and depression, indicates that the observed change of 
functional capacity was independent of these clinical variables. 
However, the possibility of unobserved confounders cannot be 
ruled out completely with the current study design.

The limitations of this study should be noted here. The lack 
of blinding might have produced practice (repeated-measure) 
effect in some measures used. To circumvent this issue, alternate 
forms were used for verbal memory (word list learning task) 
and executive function (Tower of London task) in the BACS at 
the follow-up assessment. Therefore, the pro-cognitive effect of 
tDCS on verbal memory may not be attributable to repeated-
measure effect. In addition, a small sample of this study may raise 
caution in concluding that these results represent effects in the 
population. Also, the lack of randomization, controlled group, 
and blinding might have produced placebo effects. Inclusion 
of a sham-controlled group could have provided a definitive 
conclusion. Accordingly, we are initiating a randomized sham-
controlled trial with a larger sample (Narita, et  al. submitted; 
UMIN000028224).

In conclusion, the results of the present study suggest the 
efficacy of tDCS on cognition, daily living skills, and depres-
sion. These results may add to the concept that tDCS provides 
a strategy to enhance functional outcomes in patients with 
schizophrenia.
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