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Abstract

Background: We previously showed the efficacy of bi-anodal transcranial direct current stimulation (tDCS) over the prefrontal 
cortex (PFC) regions with extracephalic reference placement in improving negative symptoms in schizophrenia. In this 
ancillary investigation, the effects of this intervention on insight levels, other clinical outcomes, and cardio-respiratory and 
autonomic functions were examined and the potential of biomarkers for treatment response was explored.
Methods: Schizophrenia patients were randomly allocated to receive 10 sessions of bi-anodal tDCS over the PFC regions 
with extracephalic reference placement (2 mA, 20 minutes, twice daily for 5 weeks) or sham stimulation. We examined, in 60 
patients at baseline, immediately after stimulation and at follow-up visits, the insight levels, other clinical outcomes, blood 
pressure, respiratory rate, heart rate, and heart rate variability.
Results: Insight levels as assessed by the abbreviated version of the Scale to Assess Unawareness in Mental Disorder in 
schizophrenia awareness of the disease, positive and negative symptoms dimensions, and beliefs about medication 
compliance as assessed by Medication Adherence Rating Scale were significantly enhanced by active stimulation relative to 
sham. No effects were observed on cognitive insight, other clinical outcomes, or cardio-respiratory and autonomic functions. 
Heart rate variability indices as biomarkers were not associated with the clinical response to the intervention.
Conclusions: Our results provide evidence for bi-anodal tDCS over the PFC regions with extracephalic reference placement 
in heightening the levels of insight into the disease and symptoms, as well as beliefs about medication compliance in 
schizophrenia, without impacting other clinical outcomes and cardio-respiratory/autonomic functions.
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Introduction
Lack of insight in schizophrenia creates barriers to treatment 
compliance and contributes to a longer duration of untreated 
psychosis and poorer clinical outcomes (Lysaker et  al., 2018). 
Many lines of evidence provide links between poor insight and 
symptom severity and support the view that poor insight may 
root in having difficulties in understanding anomalous self-
experience of positive and negative symptoms (Lysaker et  al., 
2018). Researchers conceptualized insight and developed meas-
ures to quantify its distinct dimensions (Konsztowicz et  al., 
2018). A  rapid-onset, effective therapy for impaired insight is 
still an unmet need for the management of schizophrenia.

Evidence links poor insight to abnormalities in brain func-
tion such as volumetric gray matter reductions across different 
brain regions (frontal/prefrontal, parietal, temporal, and oc-
cipital regions and cerebellum), reduced white matter integrity 
of the fronto-temporo-parietal regions, abnormal activity in 
midline cortical/subcortical structures, and aberrant functional 
connectivity of resting-state networks (Antonius et al., 2011; Lee 
et al., 2015; Sapara et al., 2016; Xavier and Vorderstrasse, 2016; 
Lysaker et  al., 2018; Tordesillas-Gutierrez et  al., 2018). These 
anatomical/functional deficits have thus far served as targets 
for treating insight impairment in schizophrenia. In recent 
non-invasive brain stimulation studies, transcranial direct cur-
rent stimulation (tDCS) showed promising results in improving 
insight impairment of schizophrenia patients. In single-session 
tDCS, 2 electrodes are placed over the targeted cortical sites, and 
low-intensity direct current is passed through the brain, which 
leads to polarity-dependent effects on cortical excitability: po-
tentiating depolarization (anode area) and hyperpolarization 
(cathode area), respectively (Nitsche et al., 2003). Repeated tDCS 
can produce long-lasting effects on cortical excitability through 
enhancing N-methyl-d-aspartate receptor-dependent long-term 
potentiation and synaptic plasticity (Nitsche et  al., 2008). The 
effects of tDCS on cortical excitability are variable between in-
dividuals (mainly due to inter-individual differences in skull 
thickness and gyral/sulcal geometry that determine the electric 
field and current modeling) (Datta et al., 2009; Opitz et al., 2015) 
and between parameter choices (e.g., different interelectrode 
distance and cephalic/extracephalic montages). For example, the 
electrical field peaks midway between anode and cathode (Datta 
et al., 2009; Opitz et al., 2015), while interelectrode distance is 
negatively related to the after-effects of tDCS (Moliadze et al., 
2010). Cephalic electrode montage is the most widely used in 
tDCS with both anode and cathode attached to the scalp surface. 
When the anode is attached to the target area to upregulate the 
cortical excitability, the inhibitory effect on neural activity under 
the cathode cannot be discounted. If the cathode is moved to a 

location outside the scalp (being renamed as an extracephalic 
reference electrode), the unwanted modulation of the cerebral 
activity can be eluded (Noetscher et al., 2014).

Fronto-temporal tDCS (anode over the left dorsolateral pre-
frontal cortex (PFC) and cathode over the left temporo-parietal 
junction) was initially proposed as a novel treatment for 
medication-refractory auditory hallucinations of schizophrenia 
(Brunelin et al., 2012) and subsequently found to facilitate pa-
tients’ insight (Chang et al., 2018). These effects may arise as a 
result of the combination of anodal-excitatory and cathodal-
inhibitory effects on the primary stimulation sites and the dis-
tant impact of the 2 active electrodes on other brain regions, 
which may functionally compensate for the abnormalities in 
prefrontal and fronto-temporal cortical regions (Mondino et al., 
2016).

Distinct clinical insight (awareness of clinical state) and 
cognitive insight (awareness of cognitive deficits) comprise the 
multidimensional construct of insight in schizophrenia, and 
their specific neural correlates have been identified. For ex-
ample, structural and functional deficits in bilateral dorsolat-
eral PFC (DLPFC) play an especially vital role in clinical insight of 
schizophrenia (Xavier and Vorderstrasse, 2016). It has not been 
examined whether bi-anodal tDCS over bilateral DLPFC exerts a 
differential effect on clinical insight and cognitive insight (i.e., 
improving clinical insight but being unable to change cognitive 
insight) of schizophrenia patients. Our recent trial evaluating 
bi-anodal tDCS over bilateral DLPFC with extracephalic refer-
ences for the treatment of negative symptoms of schizophrenia 
achieved the primary efficacy endpoint (Chang et  al., 2020). 
Given that impaired clinical insight and negative symptoms in 
schizophrenia share the common pathogenic feature of dys-
functional DLPFC (Zhou et  al., 2015; Xavier and Vorderstrasse, 
2016), the present study further explored the differential effect 
of this stimulation mode on clinical/cognitive insight. The clin-
ical outcomes that are subjective to the variations in insight 
levels were also measured.

Research indicated that 20 minutes of 1-mA tDCS with an 
anode on the midline Fz and a reference electrode over the 
right tibia delivered a rather limited current flow through the 
brainstem by computational estimation of current density dis-
tribution in realistic human models (Parazzini et  al., 2013b) 
and showed no impact on the brainstem autonomic centers by 
physiological measures in healthy individuals (Vandermeeren 
et al., 2010). Little is known about whether more intense, pro-
longed tDCS with an extracephalic montage interferes with the 
cardio-respiratory/autonomic functions at the level of the brain-
stem in schizophrenia patients. As secondary aims, we examined 

Significance Statement
Bi-anodal transcranial direct current stimulation targeting the prefrontal cortex coupled with bilateral extracephalic refer-
ence placement has been shown to reduce negative symptoms in schizophrenia. Dysfunctional prefrontal cortex may repre-
sent shared pathogenic etiology common to both negative symptoms and insight impairment of schizophrenia, but little is 
known about the effects of the intervention on insight levels of schizophrenia patients. Extracephalic tDCS raises a safety con-
cern related to cardio-respiratory/autonomic functions due to the potential shunting of current flowing through the heart and 
brainstem. Therefore, we aimed to investigate these issues and further perform exploratory biomarker analyses for treatment 
response to aid patient selection for this intervention. Our main findings indicated that bi-anodal tDCS with extracephalic refer-
ences enhanced awareness of the disease/symptoms, as well as beliefs about medication compliance, without impacting other 
clinical outcomes and cardio-respiratory/autonomic functions. Another finding was that physiological biomarkers were not as-
sociated with the treatment response.
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the changes over time in the participants’ blood pressure, re-
spiratory frequency, heart rate, and heart rate variability (HRV).

Reduced cardiac vagal activity, indexed by low HRV, repre-
sents a potential biomarker for negative symptoms (Huang 
et al., 2020) and poor insight (Ma et al., 2020). The frontal-vagal 
network theory posits that non-invasive brain stimulation over 
the PFC regions may increase HRV through transynaptically 
enhancing parasympathetic signaling (Iseger et al., 2020). Thus, 
we performed exploratory analyses to assess the predictive and 
surrogate characteristics of HRV indices as biomarkers for the 
treatment response to aid patient selection for this promising 
intervention.

Methods

Participants

We previously performed a double-blind, randomized, sham-
controlled trial of bi-anodal tDCS over the PFC regions with 
extracephalic reference placement for negative symptoms of 
schizophrenia (NCT03701100) and reported the study design, 
completed CONSORT flow chart, safety profiles, and psycho-
pathological and neuropsychological findings of the partici-
pants elsewhere (Chang et al., 2020). All procedures performed 
in the participants were in line with the ethical standards of 
a local ethics committee, and written informed consent was 
obtained from all individual participants. The aspects rele-
vant to the present work are detailed here. Patients who met 
the DSM-IV-TR criteria for schizophrenia or schizoaffective 
disorder were included. All participants had illness duration 
≥1 year, were at non-acute phase of illness (clinically stable but 
symptomatic), defined as Clinical Global Impression-Severity of 
Illness scale score ≤4, and had been treated with adequate doses 

of antipsychotics ≥4 weeks before enrolment. Patients were 
excluded if they were found to have a pregnancy, psychiatric 
comorbidity/active substance use disorder, contraindications 
for tDCS, a history of seizure, intracranial neoplasms/surgery, 
or severe head injuries/cerebrovascular diseases at enrollment. 
The primary outcome measure was the change over time in the 
Positive and Negative Syndrome Scale (PANSS) negative dimen-
sion score. Here we report data regarding insight levels, other 
clinical outcomes, and physiological parameters.

Interventions

The participants, stimulation operators, and outcome asses-
sors/raters were all blinded to the treatment group. Two Eldith 
direct current (DC) stimulators (Neuroconn DC Stimulator Plus, 
GmbH, Ilmenau, Germany) were used, with four 7 × 5 cm2 sponge 
electrodes soaked in a 0.9% NaCl saline solution. Two anodes 
were placed over the points midway between International 
10–20 electrode positions F3 and Fp1 and between F4 and Fp2 
(Figure  1A), respectively, while 2 extracephalic reference elec-
trodes were placed over bilateral forearms. The stimulation par-
ameter was set up as 2 mA, 20 minutes per session, twice per 
day (with 2 sessions separated by a break for 2 hours) for 5 con-
secutive weekdays. The numerical computation of electric field 
was simulated (Figure  1B-C). In sham stimulation, the chosen 
stimulation mode was identical to the real stimulation in the 
beginning, but after 30 second of 2-mA stimulation, only a small 
current pulse occurred every 550 ms (110 μA over 15 millisec-
onds) instead of the real stimulation throughout the remainder 
of the 20-minute period. All patients were asked whether 
they received active or sham tDCS treatment 1 hour after the 
first stimulation session. Throughout the trial, any change 
in patients’ original antipsychotic regimes was prohibited. 

Figure 1. (A) The head model of bi-anodal transcranial direct current stimulation (tDCS) over bilateral dorsolateral prefrontal cortex coupled with bilateral extracephalic 

references. The light green dots represent the international 10–20 electroencephalogram system of electrodes placement. The rectangles indicate 7- × 5-cm sponge elec-

trodes. Yellow and blue colors represent first and second anodes, respectively. (B) 2D and (C) 3D representation of electric field simulation (HD-Explore, Soterix Medical, 

New York, NY). The red color indicates the strongest electrical field. Black arrows indicate the vectors of electrical current flow.
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Appropriate doses of sedative hypnotics were allowed; however, 
daily diazepam equivalent doses were registered for the future 
exploration of the potential effects of benzodiazepine doses 
on treatment response given that benzodiazepines might have 
interactions with tDCS (McLaren et al., 2018).

Study Measures

The outcome measures were the changes over time in the scores 
of researcher- and self-administered rating scales for the intention-
to-treat (ITT) sample and the changes over time in the objectively 
measured physiological indices for the per-protocol (PP) sample. 
The Chinese version of the PANSS was administered to assess the 
severity of psychopathology (Lindenmayer et  al., 1995). The ab-
breviated version of the Scale to Assess Unawareness in Mental 
Disorder (SUMD) in schizophrenia is an interviewer-rating scale 
to assess patients’ current states of awareness (Michel et  al., 
2013). The Taiwanese version of the Self-Appraisal of Illness 
Questionnaire (SAIQ) (Kao and Liu, 2010c) was used to assess 
subjective experiences and attitudes toward mental illness and 
experience of psychiatric treatment. The Taiwanese version of 
the Beck Cognitive Insight Scale (BCIS) (Kao and Liu, 2010b; Kao 
et  al., 2011) was used to assess patients’ cognitive insight. The 
Extrapyramidal Symptoms Rating Scale (ESRS) total score was used 

to quantitatively measure antipsychotic-induced movement dis-
orders, including Parkinsonism, akathisia, dystonia, and tardive 
dyskinesia (Chouinard and Margolese, 2005). The Taiwanese version 
of Medication Adherence Rating Scale (MARS) (Kao and Liu, 2010a) 
was used to assess patients’ beliefs about medication adherence. 
The self-reported version of the graphic personal and social per-
formance scale (SRG-PSP) was used to assess psychosocial function 
outcomes (Bai et al., 2014). The self-administered Taiwanese ver-
sion of World Health Organization Questionnaire on Quality of Life: 
Short Form was used to assess patients’ quality of life (Yao et al., 
2002). The patients’ cardio-respiratory and autonomic functions 
were assessed by measuring their blood pressure, respiratory rate, 
heart rate, and HRV. The detailed description of the study measures 
and the overview of their measurement time points are provided in 
the supplementary Appendix and Figure 2, respectively. The PANSS, 
SUMD, and ESRS were measured at baseline, shortly after the inter-
vention, and at 1- and 3-month follow-ups. The BCIS, SAIQ, MARS, 
SRG-PSP, and physiological indices were measured at baseline, 
shortly after the 10-session stimulation, and at 1-month follow-up.

Biomarkers

Peripheral biomarkers (i.e., HRV indices) associated with outcomes 
of negative symptoms (Huang et al., 2020) and insight levels (Ma 

Figure 2. The overview of all the measurements conducted. Interviewer-rated assessments were administered by Hsin-An Chang at baseline, shortly after the interven-

tion and the 1- and 3-month follow-ups. The self-rated questionnaires and the measurement of physiological parameters were undertaken at baseline, shortly after the 

10-session stimulation and at 1-month follow-up. BCIS, Taiwanese version of Beck’s Cognitive Insight Scale; BP, blood pressure; CGI, Clinical Global Impression; ESRS, 

Extrapyramidal Symptoms Rating Scale; GAF, Global Assessment of Functioning; HRV, heart rate variability; MARS, Taiwanese version of Medication Adherence Rating 

Scale; MMSE, Mini-Mental State Examination; PANSS, Positive and Negative Syndrome Scale; PSP, Taiwanese version of Personal and Social Performance Scale; RR, 

respiratory rate; SAIQ, Taiwanese version of Self-Appraisal of Illness Questionnaire; SRG-PSP, self-reported version of Graphic Personal and Social Performance Scale; 

SUMD, abbreviated version of Scale to Assess Unawareness in Mental Disorder in schizophrenia; tDCS, bi-anodal transcranial direct current stimulation over bilateral 

dorsolateral prefrontal cortex coupled with bilateral extracephalic references; WHOQOL, World Health Organization Quality of Life-BREF.

http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyaa063#supplementary-data
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Table 1. Baseline Demographic and Clinical Characteristics of Participants

Characteristics
Active tDCS  
(n = 30)

Sham tDCS  
(n = 30) t/U or χ 2/Fisher’s P value

Sociodemographic characteristics     
 Females (%) 11 (36.70%) 19 (63.30%) 4.27 .039
 Age, y 44.70 ± 10.70 45.03 ± 10.91 −0.12 .91
 Education level, y 11.93 ± 2.08 12.30 ± 3.19 449.00 .99
 Handedness (right/left) 28/2 27/3 0.22 1.00
Cardiovascular characteristics     
 BMI, kg/m2 27.09 ± 5.23 25.54 ± 5.74 370.00 .24
 Smokers (%) 11 (36.70%) 9 (30.00%) 0.30 .58
 Weekly regular exercise, h 1.95 ± 2.29 1.72 ± 1.82 429.50 .76
 Alcohol use, drinks/da 1.23 ± 0.63 1.23 ± 0.63 439.00 .79
 Hypertension, n (%) 6 (20.0%) 5 (16.7%) 0.11 .74
 Diabetes mellitus, n (%) 4 (13.3%) 1 (3.3%) 1.96 .35
 Hyperlipidemia, n (%) 3 (10%) 1 (3.3%) 1.07 .61
 Coronary artery disease, n (%) 1 (3.3%) 1 (3.3%) 0.00 1.00
Clinical characteristics     
 Schizophrenia/schizoaffective disorder 24/6 26/4 0.48 .73
 Onset age, y 30.07 ± 10.39 29.13 ± 10.42 0.35 .73
 Length of illness, y 14.73 ± 9.53 15.77 ± 10.60 421.50 .67
 Antipsychotic dosage, mg/db 18.81 ± 10.40 18.81 ± 10.50 0.001 1.00
 Anticholinergic dosage, mg/dc 0.93 ± 1.72 1.02 ± 1.69 476.50 .64
 Sedative-hypnotic dosage, mg/dd 27.40 ± 30.04 38.85 ± 31.75 547 .15
 On clozapine, n (%) 8 (26.7%) 5 (16.7%) 0.88 .35
 On LAI, n (%) 5 (16.7%) 5 (16.7%) 0.00 1.00
 On mood stabilizer, n (%) 5 (16.7%) 5 (16.7%) 0.00 1.00
 On antidepressant, n (%) 8 (26.7%) 7 (23.3%) 0.09 .77
 On anticholinergic agent, n (%) 10 (33.3%) 10 (33.3%) 0.00 1.00
 On propranolol, n (%) 6 (20%) 8 (26.7%) 0.37 .54
 Use of sedative-hypnotic, n (%) 24 (80%) 25 (83.3%) 0.11 .74
 On anti-hypertensive drug, n (%) 6 (20%) 5 (16.7%) 0.11 .74
 On anti-diabetic medication, n (%) 4 (13.3%) 1 (3.3%) 1.96 .35
 On lipid-lowering medication, n (%) 3 (10%) 1 (3.3%) 1.07 .61
 On medication of CAD, n (%) 1 (3.3%) 1 (3.3%) 0.00 1.00
PANSS total score 67.43 ± 13.02  73.30 ± 10.30 −1.94 .06
PANSS-positive 12.37 ± 4.51 13.40 ± 2.77 328.50 .07
PANSS-negative 20.43 ± 4.33 22.57 ± 4.41 −1.89 .06
PANSS-grandiosity/excitement 5.53 ± 1.63 5.83 ± 1.97 419.00 .64
PANSS-disorganization 11.30 ± 2.53 12.13 ± 2.46 374.50 .26
PANSS-depression 5.40 ± 1.77 5.90 ± 1.79 355.50 .15
PANSS-cognitive component 8.87 ± 2.15 9.57 ± 1.81 −1.37 .18
SUMD     
 Awareness of disease 78.52 ± 17.00 91.11 ± 14.71 265.00 .003
 Awareness of positive symptoms 55.93 ± 21.93 65.56 ± 19.21 323.00 .047
 Awareness of negative symptoms 81.48 ± 19.21 92.59 ± 12.49 307.00 .017
BCIS-R 24.4 ± 3.60 23.33 ± 4.96 0.95 .35
BCIS-C 16.20 ± 3.50 15.77 ± 3.75 0.46 .65
BCIS R-C index 7.87 ± 4.24 7.57 ± 7.38 445.00 .94
SAIQ total score 51.30 ± 7.23 47.73 ± 9.52 1.63 .11
SAIQ presence/outcome 14.53 ± 2.79 13.47 ± 3.32 362.50 .19
SAIQ need treatment 15.67 ± 1.92 15.57 ± 2.39 0.18 .86
SAIQ worry 20.77 ± 5.39 19.70 ± 5.24 0.78 .44
MARS total score 3.27 ± 1.95 3.27 ± 1.46 448.50 .98
MARS-SR 2.73 ± 1.55 2.87 ± 1.11 465.50 .81
MARS-MA 0.53 ± 0.51 0.40 ± 0.50 390.00 .31
ESRS 4.33 ± 1.03 5.07 ± 2.07 540.00 .17
SRG-PSP     
 Global score 30.07 ± 7.49 29.40 ± 8.84 0.32 .75
 Social useful activities 8.07 ± 2.69 8.53 ± 3.19 421.00 .67
 Personal and social relationships 12.07 ±  3.45 12.00 ± 3.69 0.07 .94
 Self-care 15.60 ± 2.98 15.13 ± 3.13 421.50 .67
 Disturbing and aggressive behavior 6.13 ± 2.62 6.37 ± 1.96 377.50 .23
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et al., 2020) were investigated as predictors and mediators of the 
treatment response (see the supplementary Appendix).

Statistical Analyses

SPSS Statistics 21.0 software (IBM SPSS Inc., Chicago, IL, USA) 
was applied for analyses. To compare the between-group dif-
ferences in characteristics at baseline, Pearson chi-square test 
or Fisher’s test was used for qualitative variables and Student’s 
t test or Mann-Whitney test for quantitative variables. In the 
ITT and PP sample, linear mixed effect model analyses, which 
can handle missing data, were used to assess the effects of 
intervention on outcome measures with fixed factors of “time” 
(baseline, immediately after intervention, and follow-up visits) 
and “treatment group” (active vs sham stimulation), with a 
random factor “participant” to account for repeated measures 
within participants. The interaction between time and treat-
ment group was defined as the effects of time on treatment 
group. The adjustment for any imbalance in the covariates at 
baseline was undertaken. For each factor and their interaction 
in the mixed model, Kenward–Roger approximations were used 
to perform F-tests and calculate P values. When significant 
time × treatment group interactions were found, the post-hoc 
analyses were used to compare the between-group differences. 
Eta-squared (η 2) values were calculated as measures of effect 
sizes between 2 groups, and the value of 0.01, 0.06, and 0.14 
represented a small, medium, and large effect, respectively. 
Statistical significance was corrected for the multiple tests 
(false discovery rate method). Exploratory analyses were con-
ducted to assess HRV as a predictor or mediator for the changes 
in negative symptoms and insight levels by running separate 
general linear models to estimate the main and interaction 
effects in terms of slopes (coefficients) and their 95% confi-
dence interval. Multiple comparisons were not corrected due to 
the nature of exploratory testing. A total of 120 analyses were 
performed, and 6 positive results were expected by chance. 
Furthermore, Spearman’s rank correlation coefficients were 
calculated to examine the correlations between the changes 
in insight levels and the corresponding changes in the beliefs 
about medication adherence. Partial correlations were adjusted 

using the change in psychopathological symptom severity as 
a covariate. A total 6 analyses were performed and at least 0–1 
positive result was expected by chance.

Results

Sample Characteristics

Sixty patients comprised the ITT sample and all of them com-
pleted 10 sessions of stimulation. Compared with the sham 
group, the active stimulation group had fewer female partici-
pants and less impairment in insight levels as measured by the 
SUMD (Table 1). The other demographic and clinical data did not 
show any significant between-group differences.

Integrity of Blinding

The effectiveness of blinding in this trial was satisfactory be-
cause 80.0% of patients in the active tDCS and 73.3% in the 
sham group guessed that they had received active tDCS (P = .54), 
suggesting that patients failed to correctly identify their actual 
treatment beyond chance.

Influence of tDCS on Insight Levels

There were significant between-group differences in the 
changes over time for researcher-rated measures of insight 
levels, including the SUMD dimension scores of awareness of the 
disease, positive symptoms, and negative symptoms (supple-
mentary Table 1), but not for subjective attitudes toward mental 
illness (SAIQ total and each dimension) or self-report measures 
of cognitive insight (BCIS-R, BCIS-C, and R-C index). Real stimu-
lation rapidly reduced all SUMD dimensions scores compared 
with sham (see Table 2 for the acute effects). The after-effect of 
tDCS was maintained at 1-month follow-up for SUMD aware-
ness of the disease dimension (Figure 3A) and was maintained 
from end of treatment to 3-month follow-up for SUMD aware-
ness of positive symptoms dimension (Figure 3B). There was no 
maintenance effect for SUMD awareness of negative symptoms 
dimension (Figure 3C).

Characteristics
Active tDCS  
(n = 30)

Sham tDCS  
(n = 30) t/U or χ 2/Fisher’s P value

WHOQOL—total score 75.20 ± 14.22 79.07 ± 14.22 −1.00 .32
WHOQOL—physical health 27.63 ± 5.79 28.87 ± 4.95 −1.05 .30
WHOQOL—psychology 19.87 ± 4.43 21.10 ± 5.11 431.00 .78
WHOQOL—social relationships 17.17 ± 4.44 17.37 ± 3.96 367.50 .22
WHOQOL—environment 10.87 ± 2.43 11.83 ± 2.45 372.00 .25

Abbreviations: BCIS, Taiwanese version of Beck Cognitive Insight Scale; BMI, body mass index; CAD, coronary artery disease; ESRS, Extrapyramidal Symptoms Rating 

Scale; LAI, long-acting antipsychotics injectable; MARS, Taiwanese version of Medication Adherence Rating Scale; PANSS, Positive and Negative Syndrome Scale; 

SAIQ, Taiwanese version of Self-Appraisal of Illness Questionnaire; SRG-PSP, self-reported version of the Graphic Personal and Social Performance Scale subjective 

response to taking medication; SUMD, abbreviated version of Scale to Assess Unawareness in Mental Disorder in schizophrenia; WHOQOL, self-administered Taiwan-

ese version of World Health Organization Questionnaire on Quality of Life: Short Form.
aAlcohol use is assessed with 2 items of the Alcohol Use Disorder Identification Test questionnaire (AUDIT) and is defined by the average frequency of drinking and 

number of drinks consumed on a typical drinking day in the past year. From these items, we derived the average amount of alcoholic drinks per day, with 1 drink 

defined as a standard drink. 
bOlanzapine equivalent. 
cBiperidin equivalent. 
dDiazepam equivalent. 

Data are presented as means ± SDs, unless otherwise stated. 

Data are presented as means ± SDs, unless otherwise stated. Significant P values are presented in bold.

Table 1. Continued

http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyaa063#supplementary-data
http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyaa063#supplementary-data
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Influence of tDCS on Other Clinical Outcomes

There were significant between-group differences in the changes 
over time for PANSS total score and cognitive component score, 
negative and disorganization dimension scores, but not for 
PANSS positive, grandiosity/excitement, or depression dimen-
sion score (supplementary Table 1). Post-hoc analyses showed 
tDCS rapidly reduced PANSS total score and the PANSS cognitive 
component and negative and disorganization dimension scores 
compared with sham treatment (Table  2). The effects were 
maintained at 1- and 3-month follow-ups for PANSS total score 
and negative dimension score but only at 1-month follow-up 
for PANSS cognitive component and disorganization dimen-
sion scores. However, there were no significant between-group 

differences in the changes over time for global and subscale 
scores of SRG-PSP and WHOQOL (supplementary Table 1). There 
were significant between-group differences in the changes over 
time for MARS total scores and MARS subjective response to 
taking medication subscale scores, but not for MARS medica-
tion adherence subscale scores and ESRS scores (supplemen-
tary Table 1). Compared with the sham group, the active group 
had significant increases in MARS total scores and subjective 
response to taking medication subscale scores from baseline 
to immediately after stimulation (Table 2; Figure 4). In the real 
stimulation group, the changes in MARS total scores and MARS 
subjective response to taking medication, subscale scores from 
baseline to immediately after stimulation did not correlate with 

Table 2. Mean Changes in Levels of Psychopathological Symptoms, Insight Levels, Medication Adherence, Extrapyramidal Symptoms, Psycho-
social Functioning, and Life Quality After 5 Days of Bi-Anodal tDCS With Extracephalic References or Sham Treatment in Participants

Variablesa

Active tDCS  
(n = 30)  
Mean ± SE

Sham tDCS  
(n = 30)  
Mean ± SE F P value Partial η 2

PANSS      
 Negative score (primary endpoint) −3.70 ± 0.46 −0.67 ± 0.46 20.53 <.001 0.268
 Total score −11.19 ± 1.08 −0.98 ± 1.08 42.12 <.001 0.429
 Positive score −0.55 ± 0.15 −0.12 ± 0.15 3.64 .06 0.060
 Grandiosity/excitement score −0.30 ± 0.19 0.36 ± 0.19 5.60 .03 0.091
 Disorganization score −1.96 ± 0.24 −0.24 ± 0.24 25.47 <.001 0.313
 Depression score −0.63 ± 0.13 0.03 ± 0.13 3.62 .062 0.061
 Cognitive component score −1.78 ± 0.20 −0.15 ± 0.20 32.20 <.001 0.365
SUMD      
 Awareness of diseaseb −21.06 ± 2.39 0.32 ± 2.39 36.66 <.001 0.400
 Awareness of positive symptomsb −18.57 ± 2.41 1.16 ± 2.41 30.62 <.001 0.358
 Awareness of negative symptomsb −23.46 ± 2.48 −4.32 ± 2.48 27.33 <.001 0.332
SAIQ      
 Total score −0.95 ± 1.08 1.98 ± 1.08 3.45 .07 0.058
 Worry −0.69 ± 0.73 0.69 ± 0.73 1.65 .20 0.029
 Need treatment −0.01 ± 0.44 −0.26 ± 0.44 0.16 .69 0.003
 Presence/outcome −0.24 ± 0.47 0.87 ± 0.47 2.60 .11 0.044
BCIS      
 BCIS-R 0.46 ± 0.71 0.27 ± 0.71 0.03 .86 0.001
 BCIS-C −0.07 ± 0.70 0.54 ± 0.70 0.37 .55 0.006
 R-C index 0.92 ± 0.94 −0.32 ± 0.94 0.83 .37 0.015
MARS      
 Total score 1.64 ± 0.31 0.06 ± 0.31 12.03 .001 0.177
 Subjective response to taking medication 1.39 ± 0.28 −0.12 ± 0.28 14.27 <.001 0.203
 Medication adherence 0.25 ± 0.08 0.19 ± 0.08 0.24 .62 0.004
ESRS −0.33 ± 0.28 0.23 ± 0.28 1.95 .17 0.034
SRG-PSP      
 Social useful activities 1.06 ± 0.41 0.51 ± 0.41 0.85 .36 0.015
 Personal and social relationships 0.18 ± 0.58 0.56 ± 0.58 0.21 .65 0.004
 Self-care 0.84 ± 0.41 0.36 ± 0.41 0.65 .42 0.011
 Disturbing and aggressive behavior −0.78 ± 0.39 −0.35 ± 0.39 0.58 .45 0.010
 Global score 2.38 ± 0.98 1.56 ± 0.98 0.33 .57 0.006
WHOQOL      
 Physical health 1.25 ± 0.71 −0.68 ± 0.71 3.48 .07 0.058
 Psychology 0.25 ± 0.75 1.02 ± 0.75 0.49 .49 0.009
 Social relationships 0.69 ± 0.43 0.28 ± 0.43 0.44 .51 0.008
 Environment 1.19 ± 0.95 −0.75 ± 0.95 1.97 .17 0.034
 Total score 3.81 ± 2.21 −0.15 ± 2.21 1.51 .22 0.026

Abbreviations: BCIS, Beck’s Cognitive Insight Scale; BCIS-C, Self-certainty subscale of BCIS; BCIS-R, Self-reflectiveness subscale of BCIS; ESRS, Extrapyramidal Symptoms 

Rating Scale; MARS, Taiwanese version of Medication Adherence Rating Scale; PANSS, Positive and Negative Syndrome Scale; SAIQ, Self-Appraisal of Illness Question-

naire; SRG-PSP, self-reported version of the Graphic Personal and Social Performance Scale; SUMD, abbreviated version of Scale to Assess Unawareness in Mental Dis-

order; tDCS, transcranial direct current stimulation; WHOQOL, World Health Organization Quality of Life-BREF.
aValues were adjusted for the covariates of gender and baseline PANSS total score.
bAdditionally adjusted for the covariate of baseline SUMD subscale score of awareness of disease.

P values are in bold if the primary endpoint reaches the significance level of <.05 or the secondary endpoints reach the corrected significance level of <.0129 (false 

discovery rate method).

http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyaa063#supplementary-data
http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyaa063#supplementary-data
http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyaa063#supplementary-data
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that in all SUMD dimensions scores regardless of whether the 
corresponding change in overall psychopathological symptoms 
severity (PANSS total score) was controlled or not (Table 3).

Effects of tDCS on Cardio-Respiratory and 
Autonomic Functions

Of the ITT sample (n = 60), 54 completed all study visits for 
physiological indices measurement (PP sample, Table 4). There 
were no significant between-group differences in the changes 
over time in blood pressure, pulse pressure, respiratory rate, 
heart rate, and HRV (supplementary Tables 2 and 3).

Exploratory Biomarker Analyses for Treatment 
Response

Neither HRV indices at baseline nor the changes in HRV measures 
were associated with further improvement in negative symptoms 
(supplementary Tables 4–6) and awareness of the disease (supple-
mentary Tables 7–9), positive symptoms (supplementary Tables 
10–12), and negative symptoms (supplementary Tables 13–15).

Discussion

The current work provides evidence for bi-anodal tDCS over 
bilateral DLPFC with extracephalic reference placement in 
heightening patients’ awareness of the disease/symptoms and 

beliefs about medication compliance without changing their 
cognitive insight, psychosocial function, life quality, or cardio-
respiratory/autonomic functions. HRV indices were neither 

Figure 4. Mean percentage changes from baseline in the subjective response to 

taking medication subscale score of Medication Adherence Rating Scale (MARS 

SR) between the active stimulation group and sham group at post-baseline as-

sessments of immediately after stimulation and 1  month after stimulation. 

Other descriptions are as in Figure 3. *P < .0129.

Figure 3. Score as percentage of baseline in (A) the “awareness of the disease” dimension score, (B) the “awareness of positive symptoms” dimension score, and (C) 

the “awareness of negative symptoms” dimension score of the abbreviated version of the Scale to Assess Unawareness in Mental Disorder in schizophrenia (SUMD) 

between the active stimulation group and sham group across the 4 assessments. Error bars indicated the SE. Post-hoc analyses were undertaken to examine between-

group differences at each post-baseline assessment with P < .0129 considered reaching the corrected significance level (false discovery rate method). *P < .0129.

http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyaa063#supplementary-data
http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyaa063#supplementary-data
http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyaa063#supplementary-data
http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyaa063#supplementary-data
http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyaa063#supplementary-data
http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyaa063#supplementary-data
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Table 3. Correlations of Changes in MARS Total Score, MARS Subjective Response to Taking Medication Subscale Score, and SUMD Dimensions 
Scores From Baseline to Immediately After tDCS Among Patients Treated With Active Bi-Anodal tDCS With Extracephalic References (Zero-
Order And Partial Correlations [Controlling for the Change in Psychopathological Symptom Severity])

ΔMARS total score ΔMARS_SR score ΔPANSS total score

 Zero-order correlations

 r P r P r P

ΔSUMD_AOD −0.37 .047 −0.29 .12 0.73 <.001
ΔSUMD_AOP −0.42 .02 −0.33 .08 0.68 <.001
ΔSUMD_AON −0.29 .12 −0.21 .27 0.54 .002

 Partial correlations controlled for ΔPANSS total score

 r P r P r P

△SUMD_AOD −0.23 .24 −0.19 .32 — —
△SUMD_AOP −0.31 .10 −0.25 .19 — —
△SUMD_AON −0.16 .41 −0.11 .56 — —

Abbreviations: MARS, Medication Adherence Rating Scale; MARS_SR, subjective response to taking medication subscale of MARS; PANSS, Positive and Negative 

Syndrome Scale; SUMD_AOD, awareness of the disease dimension score of abbreviated version of Scale to Assess Unawareness in Mental Disorder in schizophrenia; 

SUMD_AON, awareness of negative symptoms dimension score of abbreviated version of Scale to Assess Unawareness in Mental Disorder in schizophrenia; UMD_AOP, 

awareness of positive symptoms dimension score of abbreviated version of Scale to Assess Unawareness in Mental Disorder in schizophrenia.

Δ indicates the change from baseline to immediately after 10-session tDCS. A total of 6 analyses were performed and at least 0–1 positive result was expected by 

chance.

Table 4. Physiological Measures Over Time

HRV values

Baseline After tDCS 1-month follow-up

n Mean (SD) n Mean (SD) n Mean (SD)

SBP Active 30 119.73 (16.88) 30 119.57 (16.36) 28 118.75 (15.58)
Sham 30 119.57 (16.81) 30 119.37 (16.20) 26 117.15 (16.43)

DBP Active 30 74.53 (9.78) 30 75.10 (9.35) 28 75.14 (8.92)
Sham 30 78.13 (10.93) 30 78.27 (10.25) 26 77.19 (10.61)

PP Active 30 45.20 (11.71) 30 44.47 (12.11) 28 43.61 (12.25)
Sham 30 41.43 (10.84) 30 41.10 (10.69) 26 39.96 (11.75)

RR Active 30 13.75 (2.41) 30 12.83 (2.36) 28 13.49 (1.72)
Sham 30 13.31 (2.49) 30 13.30 (2.83) 26 13.91 (1.67)

RR interval Active 30 759.43 (131.98) 30 788.44 (176.73) 28 725.36 (152.94)
Sham 30 702.83 (160.73) 30 743.67 (139.31) 26 714.98 (76.73)

Var (total HRV) Active 30 6.44 (2.33) 30 6.57 (1.30) 28 6.09 (1.34)
Sham 30 6.29 (1.59) 30 6.67 (1.71) 26 6.19 (1.45)

VLF Active 30 5.32 (1.30) 30 5.48 (1.30) 28 5.05 (1.34)
Sham 30 5.36 (1.73) 30 5.48 (1.78) 26 5.05 (1.32)

LF Active 30 4.44 (1.70) 30 4.86 (1.76) 28 4.40 (1.64)
Sham 30 4.62 (1.83) 30 4.91 (2.11) 26 4.14 (1.96)

HF Active 30 3.88 (1.36) 30 4.52 (1.67) 28 3.84 (1.46)
Sham 30 4.10 (2.03) 30 4.66 (1.89) 26 3.75 (1.46)

LF/HF ratio Active 30 0.57 (1.17) 30 0.34 (0.85) 28 0.56 (1.17)
Sham 30 0.52 (1.16) 30 0.25 (1.07) 26 0.39 (1.39)

Abbreviations: DBP, diastolic blood pressure (mmHg); HF, high-frequency power (ln[ms2]); LF, low-frequency power (ln[ms2]); PP, pulse pressure (mmHg); RR interval, time 

elapsing between 2 consecutive R waves in electrocardiogram (ms); Var, total variance (ln[ms2]); RR, respiratory rate (breaths per minute); SBP, systolic blood pressure 

(mmHg); tDCS, transcranial direct current stimulation; VLF, very low-frequency power (ln[ms2]). 

suitable predictors nor mediators of the response to treatment 
to the intervention.

Our results showed that the current stimulation mode rapidly 
improved patients’ clinical insight (awareness of illness/symp-
toms). Evidence has correlated poor insight with positive, nega-
tive, disorganization, and overall symptoms severity (Lysaker 
et al., 2018). We cannot exclude the possibility that the gain in 
clinical insight may come from the reductions in psychopatho-
logical symptoms because the intervention was associated with 
significant improvements in negative, cognitive, disorganiza-
tion, and overall symptoms. For active tDCS compared with the 

sham condition, the improvements in unawareness of illness, 
positive and negative symptoms, and overall symptom level 
from baseline to shortly after 10-session tDCS were 20%, 21%, 
23%, and 14%, respectively. It means that the effects of add-on 
tDCS in causing improved insight gains were not completely ex-
plained by the reduction in overall symptoms.

Several potential mechanisms underlying the beneficial ef-
fects of current stimulation mode on unawareness of illness/
symptoms are proposed. The first is the simultaneous bilateral 
application of tDCS targeted to DLPFC. Impaired illness aware-
ness is proposed to arise from interhemispheric imbalance (i.e., 
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left hemisphere overactivation, primarily in the posterior par-
ietal area) (van der Meer et al., 2013). Recent research supports 
this model by demonstrating the improvement in impaired 
illness awareness with the use of cathodal tDCS inhibition of 
left temporo-parietal junction area activity in schizophrenia pa-
tients (Chang et al., 2018; Sreeraj et al., 2018). Emerging evidence 
suggests right-sided or bilateral DLPFC involvement in impaired 
insight of schizophrenia. For example, neuroimaging studies in-
dicates that right hemisphere deficits in fronto-temporo-parietal 
brain regions (Gerretsen et al., 2013; Emami et al., 2016) and ana-
tomical deficits in bi-hemispheric PFC regions (Berge et al., 2011; 
Parellada et al., 2011) in schizophrenia patients are associated 
with unawareness of illness and symptoms. However, these 
areas have not yet been thoroughly investigated for tDCS treat-
ment. Previous studies indicate that anodal tDCS over left DLPFC 
may restore the ipsilateral DLPFC functioning through produ-
cing bi-hemispheric changes in its resting-state functional con-
nectivity within frontal- thalamic-temporo-parietal networks 
(Palm et  al., 2016), thereby increasing its top-down control on 
temporo-parietal areas (Mondino et al., 2016). Our study dem-
onstrates for the first time, to our knowledge, that simultaneous 
bilateral tDCS over DLPFC is a novel, promising approach for the 
treatment of impaired clinical insight in schizophrenia.

The second is the unique electric field produced in the brain 
during bilateral tDCS using extracephalic references (Figure 1). In 
this trial, the placement of extracephalic references was origin-
ally used to avoid potential confounding effects from inhibitory 
stimulation of other cortical sites. However, computer-based 
modeling research has indicated that lengthening the inter-
electrode distance (i.e., between the PFC regions and the fore-
arms) facilitates the increase in the proportion of electric current 
into the brain by lowering current shunting across the scalp 
(Miranda et  al., 2006). Compared with bifrontal tDCS (anode 
over F3 and cathode over F4 or Fp2) used in most studies, an-
odal tDCS over the frontal cortex coupled with an extracephalic 
reference leads to much more widespread activation of brain re-
gions (Miranda et al., 2006; Wagner et al., 2007). A growing body 
of evidence supports a role for altered functioning of the brain 
regions other than fronto-temporo-parietal networks (e.g., oc-
cipital regions, basal ganglia, thalamus, and cerebellum) in im-
paired clinical insight of schizophrenia patients (Xavier and 
Vorderstrasse, 2016; Lysaker et al., 2018). Evidence indicates that 
tDCS can exert intracortical effects at the stimulation sites and 
subcortical effects at the areas distal to the electrodes (Polania 
et  al., 2012). Specifically, anodal tDCS over left DLPFC with a 
cephalic cathode positioned over the contralateral supraorbital 
area or right DLPFC has been reported to increase healthy in-
dividuals’ regional electrical activity (Keeser et  al., 2011) and 
neuronal metabolism activity (Hone-Blanchet et al., 2016) in the 
ipsilateral PFC as well as enhance glutamate transmission of ip-
silateral striatum (Hone-Blanchet et al., 2016). Thus, anodal tDCS 
over DLPFC with an extracephalic reference might be superior 
to that with a cephalic cathode for producing subcortical ef-
fects, which play a vital role in effectively modulating functional 
connectivity in distinct functional networks that underlie the 
pathophysiology of unawareness of illness/symptoms.

The final explanation is the potential effect of the currently 
used stimulation mode on white matter integrity. Accumulating 
evidence linked impaired awareness of illness and/or symptoms 
to compromised integrity of white matter tracts associated with 
cortical midline structures (Asmal et  al., 2017) and in several 
frontal, temporal, and parietal areas (Antonius et al., 2011) and 
the splenium of corpus callosum (Gerretsen et al., 2019). These 
areas of white matter disruption have been therapeutic targets 
for impaired awareness of illness in patients with schizophrenia 

or other neuropsychiatric disorders (Lehrer and Lorenz, 2014; 
Gerretsen et  al., 2015). Specifically, repetitive transcranial mag-
netic stimulation that enhanced the integrity of transcallosal 
interhemispheric white matter tracts linking the bilateral pos-
terior parietal areas (i.e., splenium) resulted in sustained im-
provements in illness awareness of patients with post-stroke 
aphasia (Allendorfer et al., 2012; Gerretsen et al., 2015). There is 
also evidence for the structural effects of the longitudinal delivery 
of cephalic tDCS on white matter integrity (Lindenberg et  al., 
2013; Hirtz et  al., 2018). Recently, researchers have speculated 
that the observed improvement in clinical insight following ceph-
alic tDCS treatment could be associated with counteracting the 
interhemispheric imbalance related to white matter disintegrity 
(Chang et  al., 2018). Relative to cephalic tDCS, its equivalent 
extracephalic montage has been shown to create larger average 
vertical and total current densities in deeper brain regions, spe-
cifically in white matter (Noetscher et al., 2014). Future replica-
tion studies choosing the enhancement of white matter integrity 
as an outcome may provide evidence to support our speculation.

Notably, the patients’ self-appraisal of mental illness did not 
significantly change following stimulation. Low correlations and 
discrepancies between patient-rated and clinician-rated meas-
ures of insight are frequently reported, which may be partially 
attributed to the differences in standpoints between the raters 
due to personal experience, stigma, or cognitive deficits (Tranulis 
et al., 2008). Schizophrenia patients might have an unrealistic ap-
preciation of self and environment (So et al., 2010), which may 
compromise their ability to validly experience, feel, and report 
their variations in self-awareness of illness/symptoms over time 
and thus interfere with the correspondence between self- and 
interviewer-rated measures. It deserves attention that the inter-
vention did not improve the patients’ cognitive insight. Clinical 
and cognitive insight may be independent of each other, capturing 
different dimensions of insight and providing unique perspec-
tives and non-redundant information relevant for clinical out-
comes (Bayard et al., 2009; Donohoe et al., 2009). The intervention 
targeting bilateral DLPFC regions especially implicated in clinical 
insight (Xavier and Vorderstrasse, 2016) may be accountable for 
its differential effects on clinical and cognitive insight. Further 
neuroimaging studies are required to prove our perspectives.

Our results proved that the increased awareness of illness/
symptoms following neuro-stimulation was accompanied by 
the improvement in patients’ beliefs about medication com-
pliance. Patients’ ability to recognize their illness/symptoms as 
psychopathology requiring treatment influences their attitudes 
toward medication treatment (David, 1990; Larkin and Hutton, 
2017). Previous reports have shown that impaired insight into 
mental illness predicts poor medication adherence and medi-
cation discontinuation (Kao and Liu, 2010c; Velligan et al., 2017; 
Lysaker et al., 2018). However, we failed to find significant correl-
ations between the improvement in medication adherence and 
the enhancement of awareness of the illness/symptoms regard-
less of whether the change in psychopathological severity was 
controlled. It implies that tDCS may improve the beliefs about 
medication adherence through other mechanisms. Notably, 
the gain in the beliefs about medication adherence came from 
the improvement in subjective response to taking medication, 
which reflects the experience of how antipsychotic medication 
affects patients’ perception of well-being (Kao and Liu, 2010a). 
Following tDCS, the patients gave less negative and/or more 
positive appraisals of the antipsychotic medications they were 
receiving. Schizophrenia patients may report a variety of nega-
tive and unpleasant subjective responses anytime during their 
course of antipsychotic drug treatment. Extrapyramidal side 
effects caused by antipsychotic medication that antagonizes 
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dopamine D2 receptors in the nigrostriatal system are one of the 
negative subjective responses that may contribute to medica-
tion noncompliance (Kao and Liu, 2010c). Neuroleptic dysphoria, 
which relates to low dopamine functioning in the ventral stri-
atum region of the brain, is another negative subjective response 
that predicts medication non-adherence and poorer life quality 
(Wu and Okusaga, 2015; Awad, 2019). Recent studies on healthy 
individuals reported that the release of endogenous dopamine 
in ventral/dorsal striatum and putamen significantly increased 
following anodal tDCS over DLPFC (Fonteneau et al., 2018; Fukai 
et al., 2019). Kamp et al. (2019) reported that left prefrontal high-
frequency repetitive transcranial magnetic stimulation im-
proved neuroleptic-induced motor symptoms of schizophrenia 
patients, possibly through its dopaminergic effect on the ipsi-
lateral caudate. However, our results did not show significant 
effects of tDCS on extrapyramidal side effects as indexed by the 
change in ESRS score. Further research using reliable tools to 
measure neuroleptic dysphoria before and after tDCS is war-
ranted to verify whether tDCS improves beliefs about medica-
tion adherence through reducing neuroleptic dysphoria.

Extracephalic tDCS raises a cardiac safety concern due to 
the potential shunting of electrical current flowing through the 
heart. The concern has been addressed by previous research re-
porting that 2-mA tDCS with an extracephalic reference elec-
trode demonstrated far lower levels of current intensities/
densities in the heart muscle than the induction thresholds of 
cardiac fibrillation (Parazzini et  al., 2013a). Our results further 
establish the cardiac safety of bi-anodal tDCS with extracephalic 
references. Another concern is the potential shunting of elec-
trical current flowing through the brainstem. Vandermeeren 
et al. (2010) reported that 20 minutes of 1-mA tDCS with anode 
on the midline Fz and an extracephalic reference electrode over 
the right tibia did not interfere with the activity of the brain-
stem autonomic centers. Parazzini et al. (2013b) further proved 
a quite limited interference of tDCS with an extracephalic refer-
ence electrode at the level of the brainstem. However, the use of 
higher intensity tDCS with an extracephalic reference electrode 
has not been without controversy. Lippold and collaborators 
(Lippold and Redfearn, 1964; Redfearn et al., 1964) reported an 
episode of transient respiratory depression in a healthy partici-
pant under 16 minutes of 3-mA bi-frontal cathodal tDCS with 
an extracephalic reference electrode. One proposed mechanism 
underlying the potential impact of lateralized tDCS with an 
extracephalic electrode on cardio-respiratory homeostasis may 
result from an asymmetrical distribution of the DC within cor-
tical (e.g., insula, ventral medial prefrontal gyri, and the cingu-
late cortex) or subcortical (e.g., hippocampus, hypothalamus, 
amygdala, thalamus, and basal ganglia) areas or cerebellar 
structures involved in the control of autonomic nervous func-
tions (Harper et al., 2015; Macey et al., 2015; Shoemaker et al., 
2015) or a specific part of the brainstem respiratory and auto-
nomic centers (Vandermeeren et  al., 2010; Chouchou et  al., 
2019). Consistent with this concept, it was found that tDCS and 
TMS that reduced heart rate or increased HRV usually aimed at 
either left or right DLPFC (Iseger et al., 2020). Asymmetrical DC 
stimulation of vagus nerve is another possible mechanism given 
that the DC flowing through the lateral aspect of the neck can 
modulate the excitability of peripheral nerve (e.g., vagus nerve) 
(Ardolino et  al., 2005) and the right vagus nerve might give 
greater outflow toward the heart relative to the left (Milby et al., 
2008). Preferential activation of the right vagus nerve seems to 
convey elevated risks for bradycardia, bronchoconstriction, and 
breathing difficulties (McGregor et al., 2005; Milby et al., 2008). 
Taken together, bilaterally and symmetrically delivered DC flow 

could be a key element for the slight impact of bi-anodal tDCS 
with extracephalic references on cardio-pulmonary and auto-
nomic functioning shown in our study. It may also be a possible 
reason why HRV failed to serve as a biomarker for treatment 
response to this intervention.

Our study has several limitations. First, sham tDCS could be 
a hidden confounding factor given its undetermined biological 
effects beyond the intended transient sensations, and novel re-
search avenues in future studies should be applied to minimize 
the influence of sham tDCS (Fonteneau et  al., 2019). Second, 
the mean insight score on the PANSS G12 item of the partici-
pants at baseline was 4.63 ± 0.98, suggesting the inclusion of a 
sample with impaired illness awareness (≥3 PANSS G12) (Kim 
et al., 2019). Caution should be taken in interpreting the results 
of self-report tests because their validity may have been re-
duced (Bell et al., 2007; Jung et al., 2010). Finally, the stimulation 
mode of this trial failed to produce long-lasting after-effects for 
improving disorganization/cognitive symptoms, unawareness 
of the disease/negative symptoms, and beliefs about medica-
tion adherence. Further studies are required to confirm whether 
follow-up tDCS “top-up” sessions can maintain the positive ef-
fects of 5-day, 10-session tDCS on these outcomes.

Conclusion

In summary, our results suggest that bi-anodal tDCS over bilat-
eral DLPFC with extracephalic references is effective and safe 
for improving schizophrenia patients’ awareness of the disease/
symptoms as well as their beliefs about medication compliance, 
opening a new area of research on brain stimulation targeting 
the putative neural circuits of impaired insight into illness, 
thereby improving medication adherence.

Supplementary Materials

Supplementary data are available at International Journal of 
Neuropsychopharmacology (IJNPPY) online.
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