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Double-blind Randomized
Trial of t-DCS Versus Sham in

Parkinson Patients With Mild
Cognitive Impairment Receiving
Cognitive Training

To the Editor,

The effect of computer-based cognitive training (CT) alone or in
association with non-invasive brain stimulation (t-DCS) over the
left dorsolateral prefrontal cortex (l-DLPFC) in Parkinson disease
patients with Mild Cognitive Impairments (PD-MCI) is debated.
The efficacy of acute t-DCS has been confirmed in AD and PD
[1,2]. By contrast, randomized t-DCS controlled trials in AD and
PD have reported variable effects on cognition, possibly due to pro-
tocol heterogeneity (hemisphere side, electrode montage, duration
of stimulation, number of session per day etc.). Recently a double-
blind randomized study, reported the beneficial effect of 2-week
t-DCS over the DLPFC on executive functions but the follow-up
was only one month [3]. To our knowledge, a blinded intervention
trial of CT in PD patients comparing repeated (over 4-week) real vs.
sham t-DCS with long-term follow-up (12-week post-treatment
completion) has never been conducted. Given the characteristics
of cognitive abnormalities in PD-MCI and the critical role of DLPFC
in fronto-striatal networks, in this pilot study we tested the hypoth-
esis that repeated anodal t-DCS over l-DLPFC, administered during
the execution of cognitive task, might enhance and extend the ef-
fect of computer-based CT on specific cognitive functions.

Methods

Patients

We recruited PD-MCI patients among those admitted for
rehabilitation at our Parkinson and Movement Disorders Unit in
Venice, (Italy) from 2013 to 2014. All patients underwent an exten-
sive clinical and neuropsychological examination [4] to allow
MCI and dementia status categorization according to MDS-Task
Force published criteria [5,6]. We excluded PD with dementia.
Drug therapy for patients enrolled in the study was maintained
stable during the treatment. All patients signed written consent.
Approval from the Local Research Ethics Committee was obtained
(N: 2011.05).

Study design

Twenty-four PD-MCI were randomly allocated to receive 4-week
CT plus real t-DCS (N ¼ 12, 6 men and 1 female, age 69.1 � 7.6 and
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education 9 � 3.4) or sham t-DCS (N ¼ 12, 8 men and 1 female, age
72.3 � 4.1 and education 8.8 � 4.1), and 16 patients completed the
16-week follow-up session. The study was double-blinded and con-
sisted of 30 min CT plus real or sham t-DCS, 4 days a week for
4 weeks. T-DCS was delivered between 10 am and 12 am.

t-DCS and cognitive training protocol

The direct current was initially increased over several seconds
(0e10 s) until reaching 2 mA, 20 min/session. Anodal electrode was
placed over the left DLPFC, cathodal over the contralateral
supraorbital region. We identified DLPFC using a infrared-guided
neuro-navigation system. In the sham stimulation group, the elec-
trodes were placed in the same position as the real t-DCS stimula-
tions. We used the Rehacom� software, a computer-based CT
which provides objective advantages compared with pen and pencil
CT (http://www.hasomed.de). Clinical and cognitive assessment at
baseline, after 4-week treatment and at 16-week follow-up was
made by blinded experts. To avoid learning effect we used the two
parallel versions of the Repeatable Battery Assessment of Neuropsy-
chological Status (RBANS) (http://www.rbans.com/testcontent.html).
Results

At the end of 4-week treatment, we observed a significant
decrement performance for the real t-DCS compared to sham
group in attention/executive skills [Written coding test: �4.6
(5.2) vs. 1.6 (2.5) difference change for real vs. sham t-DCS,
P < 0.01, Cohen’s d ¼ 1.52]. At week 16, we observed a strong trend
for better performance in the real t-DCS compared with sham
stimulation arm in the story learning test [3.7 (5.7) vs. �0.4 (3.4)
difference change for real vs. sham t-DCS, P < 0.07, Cohen’s
d ¼ 0.9] and immediate memory index [12.6 (20) vs. 0.3 (13.17)
difference change for real vs. sham t-DCS, P < 0.07, Cohen’s
d ¼ 0.7]. No significant increment was found for the sham
compared to real arm in any of the administered tests. It is worth
to underlie that the significant increment in the delayed memory
index initially observed for the sham group during the treatment
period returned to baseline at follow up. No significant UPDRS-III
motor changes were observed between groups at 4 and 16-week
follow-up (see Table 1).
Discussion

Our study is the first to use a double-blind randomized design
to test the effect of repeated t-DCS against sham in PD-MCI under-
going CT and to evaluate its long-term effectiveness. We found a
strong trend (P ¼ 0.07) for increased performance in immediate
memory skills (story learning test) with a moderate effect size
(d0 > 0.7) in the real t-DCS cohort only at 16-week follow-up.
No increased performance was observed during the treatment

http://www.hasomed.de
http://www.rbans.com/testcontent.html
www.sciencedirect.com/science/journal/1935861X
http://dx.doi.org/10.1016/j.brs.2015.07.043
http://dx.doi.org/10.1016/j.brs.2015.07.043
http://crossmark.crossref.org/dialog/?doi=10.1016/j.brs.2015.07.043&domain=pdf


Table 1
Within group mean delta changes (d0) differences (SD) of each single corrected score and between groups delta changes comparison (P value) at 4-week and after 16-week
follow up.

0e4 weeks 0e16 weeks

Real t-DCS
Mean d0 (SD)

Sham t-DCS
Mean d0 (SD)

P value# Cohen’s
effect size
d

Real t-DCS
Mean d0 (SD)

Sham t-DCS
Mean d0 (SD)

P value# Cohen’s
effect size
d

UPDRS-III �8.00 (9.57) �0.30 (24.25) 0.707 0.182 0.17 (11.44) 13.83 (14.20) 0.275 0.154
STAI-Y 7.56 (15.74) 0.09 (14.08) 0.636 0.5 5.44 (7.92) 0.40 (13.15) 0.513 0.464
PDQ-8 15.5 (8.35) 8.00 (7.62) 0.327 0.938 17.00 (9.85) 10.00 (8.58) 0.594 0.758
BDI-II �7.00 (8.44) �6.36 (7.13) 0.647 0.082 �4.22 (13.13) �3.4 (8.59) 0.932 0.074
MoCA 2.33 (2.24) 1.36 (1.36) 0.272 0.524 0.33 (2.45) 0.70 (1.7) 0.681 0.175
RBANS Tot. 3.11 (8.19) 2.46 (13.2) 0.890 0.05 4.29 (12.74) 0.00 (11) 0.251 0.36
List learning 0.33 (5.15) 2.36 (4.72) 0.488 0.411 1.71 (5.41) 0.56 (5.25) 0.794 0.216
Story learning 1.22 (4.49) �0.73 (3.93) 0.168 0.462 3.71 (5.74) �0.44 (3.4) 0.077 0.879

Immed. memory index 2.67 (16.55) 2.09 (12.49) 0.395 0.039 12.57 (19.96) 0.33 (13.17) 0.075 0.724
Complex figure copy 0.78 (2.44) 0.82 (2.82) 0.453 0.015 �0.71 (3.15) �0.44 (3.88) 0.583 0.076
Orientantion line 0.89 (4.04) �0.09 (2.88) 0.638 0.279 2.57 (2.82) �0.56 (3.91) 0.115 0.918

Visuo-spatial index 5.44 (18.28) 6.36 (20.22) 0.691 0.047 2.78 (17.25) 3.10 (15.81) 0.987 0.019
Naming 0.33 (0.71) 0.27 (0.47) 0.828 0.099 �0.29 (0.49) �0.22 (0.44) 0.636 0.15
Semantic fluency �5.11 (3.62) �3.73 (4.1) 0.871 0.357 �1.57 (3.99) 0.33 (2.5) 0.884 0.57

Language index �1.56 (9.84) �0.46 (6.82) 0.940 0.1299 �5.29 (5.59) �0.78 (6.63) 0.284 0.735
Digit span 1.33 (2.92) 0.09 (1.22) 0.150 0.5541 0.57 (3.6) �0.78 (1.56) 0.248 0.486
Written coding test �4.56 (5.2) 1.64 (2.46) 0.001 1.52 �2.00 (4.51) 2.11 (4.96) 0.383 0.867

Attention index 1.78 (9.44) 2.00 (6.48) 0.796 0.027 �0.86 (16.64) �1.56 (10.93) 0.342 0.049
List recall �1.33 (2.74) 1.00 (2.19) 0.040* 0.9394 0.57 (2.51) 0.89 (1.83) 0.396 0.146
List recognition �1.11 (2.37) 0.55 (3.14) 0.168 0.5967 0.29 (2.29) �0.56 (1.74) 0.641 0.418
Story recall 1.56 (2.74) �0.18 (1.72) 0.307 0.76 2.71 (3.5) �0.22 (2.17) 0.105 1.00
Figure recall 4.00 (3.28) 4.46 (2.58) 0.658 0.156 3.14 (3.63) 3.22 (2.99) 0.917 0.024

Delayed memory index 0.44 (11.13) 10.27 (11.65) 0.027* 0.863 6.86 (11.61) 6.22 (9.95) 0.447 0.059

* Uncorrected values; d0 ¼ difference between baseline and follow up at patient level; # ¼ Mann Whitney U-Test to evaluate between groups delta changes comparison with
exact significance (2*1-tailed Significance) P < 0.05 after 2-tailed Monte Carlo correction (10,000 simulation) in order to reduce false positive in statistical estimation. We
corrected for Bonferroni multiple comparisons. In the between group analyses, the effect sizes of changes between real vs. sham t-DCS treatment groups were assessed
with Cohen’s d, an index of the magnitude of treatment effect. We considered only large (d � 0.7) effect sizes.
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(0e4 weeks) for the same PD subgroup in any of the abilities inves-
tigated. These findings of delayed effect of t-DCS over the DLPFC on
learning processes corroborate recent data from literature in
healthy subject [7] and in PD [3], and support studies showing
the impact of anodal t-DCS over the prefrontal cortex on enhanced
declarative and long term memory consolidation [8]. By contrast,
“real t-DCS plus CT” strategy seems to temporary affect perfor-
mance in specific abilities during the active treatment period
(0e4 weeks). Namely we observed a significant decrement in
writing coding test score for the real t-DCS group. These scores
showed a trend to decrease transiently during the treatment period
and to return to baseline levels at the end of follow-up. Reasons
explaining these results could be various. Firstly, although task
specific effects of t-DCS have been shown, its mechanistic substrate
remains poorly explained. Electric field induced by conventional
t-DCS montage is widespread and heterogeneous making very
hard to predict the behavioral impact of t-DCS. Secondly, it is
reasonable that stimulation of multi-tasking complex brain region
(such as the DLPFC) may produce unspecific functional changes.
Thirdly, it has been supposed that altered network function second-
ary to a brain neurodegenerative or vascular diseases may alter the
susceptibility to t-DCS [9]. It may be that in the context of altered
cognitive networks (PD-MCI) repeated left anodal DLPFC and cath-
odal orbitofrontal cortex stimulation temporarily perturb cognitive
networks, breaking down PD “vulnerable” cognitive abilities in
brain areas functional to these tasks [10].

Finally our study will provide useful data to design future
studies evaluating the role of t-DCS in extending the benefit of
cognitive treatment, possibly using different protocol design
t-DCS stimulation paradigms.
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Nicotine Smoking Prevents
the Effects of Frontotemporal

Transcranial Direct Current
Stimulation (tDCS) in Hallucinating
Patients With Schizophrenia

Dear Editor,

Transcranial Direct Current Stimulation (tDCS) has been
recently proposed as a treatment for treatment-resistant auditory
verbal hallucinations in patients with schizophrenia [1]. In these
studies, 10 sessions of tDCS were delivered twice a day during
5 days with the cathode placed over the left temporo-parietal
junction coupled with the anode placed over the left prefrontal
region. Despite promising results (�30% of auditory hallucina-
tions), evidence suggested that some patients with schizophrenia
failed to respond to this tDCS regimen [1] and the knowledge
regarding predictive markers of response and mechanisms of ac-
tion is still sparse. Neurophysiological studies however indicate
that tDCS induces changes in neural plasticity via LTP-LTD like
phenomena [2].

Tobacco use disorder is a common comorbidity in patients with
schizophrenia. In clinical samples, the rate of smokers in patients
with schizophrenia is significantly higher than in the general pop-
ulation or in other psychiatric illness with 62% of current smokers
[3]. It has been suggested that nicotine intake via tobacco consump-
tion in patients with schizophrenia may lead to working memory
and selective attention improvements as well as to symptoms
reduction [4]. These improvements have been linked to the stimu-
lation of the a7-nicotinic acetlycholine receptor by nicotine leading
to enhance thalamo-cortical functional connectivity and dopamine
release regulation [4]. Nicotine can also modify neuroplasticity.
Several studies have thus investigated the effect of nicotine on
tDCS-induced changes in neuroplasticity. In non-smokers, nicotine
intake can prevent the effect of a single session of tDCS applied over
the primary motor cortex (M1) [5]. Conversely, in patients with
tobacco use disorder, nicotine intake during withdrawal for some
hours can restore compromised facilitatory neuroplasticity induced
by a single session tDCS, however, it abolishes excitability-
diminishing plasticity [6]. In patients with schizophrenia, abnormal
neuroplasticity has been revealed by a single session of tDCS
applied over M1 [7]. It was recently reported that smoking patients
with schizophrenia did not display abnormal neural plasticity
induced by excitability-diminishing cathodal tDCS as compared to
non-smoking patients [8]. This effect may be associated with the
duration of withdrawal and on the intensity of symptoms, espe-
cially of negative symptoms [8].

Thus the effect of nicotine on tDCS-induced neural plasticity
seems to be different in patients with schizophrenia as compared
to healthy controls and in smokers as compared to non-smokers.
Therefore, we investigated the effect of nicotine smoking on the
clinical effect induced by repeated sessions of tDCS in patients
with schizophrenia and treatment-resistant auditory verbal hallu-
cinations included in an open-label study (ClinicalTrials.gov
Identifier: NCT00870909). We hypothesized that smoking status
may impact on clinical outcome in patients with auditory
hallucinations.

Sixteen right-handed patients with DSM 5 schizophrenia were
included. Ten patients presented a comorbid tobacco use disorder
according to DSM 5 criteria and six were non-smokers (see details
in Table 1). Patients received 10 sessions of 20-min 2 mA fronto-
temporal tDCS [1] with two 35 cm2 electrodes soaked in a saline so-
lution (0.9% NaCl). Characteristics of auditory verbal hallucinations
were assessed before tDCS and after the 10-session tDCS using the
Auditory Hallucination Rating Scale (AHRS) by a rater blinded for
the smoking status. The effect of smoking status on clinical outcome
was analyzed using an ANOVA with AHRS scores before and after
tDCS as conditions. Baseline and post hoc, intra- and inter-group
comparisons were conducted by two-tailed Student t test for quan-
titative factors and Fisher’s exact test for gender and number of re-
sponders. Since groups were significantly different for age, the
effect of smoking status on clinical outcome was investigated by
an ANCOVA with age introduced as covariate. Significance level
was set at P < 0.05.

In the whole sample, we observed a significant 20% decrease of
AH after tDCS (P ¼ 0.01). AHRS scores decrease from 25.8 (standard
deviation ¼ 5.4) to 20.3 (6.7). The ANOVA revealed a significant
interaction between smoking status and AHRS score decrease
(F1,14 ¼ 10.9; P ¼ 0.005). This interaction remained significant
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