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Abstract
Background: Attentional difficulties are common in Parkinson’s disease with dementia
(PDD); current pharmacological treatments have limited efficacy and have associated side
effects.
Objective: The objective of this pilot study was to assess the effects of anodal transcranial
direct current stimulation (tDCS) upon attentional function in PDD.
Methods: The study was a randomised, double-blind, placebo-controlled crossover trial
involving 44 PDD participants (Mage = 66.82 years; SDage = 8.05 years), conducted at a single
site, between April 2015 and June 2016. Participants completed computerised attentional
tasks (simple reaction time (SRT), choice reaction time (CRT), digit vigilance (DV) and the
Attentional Network Task (ANT)) after one 20-minute session of active (0.08mA/cm2) or
placebo tDCS. The anodal electrode was applied to the left dorsolateral prefrontal cortex
(DLPFC) and the cathodal electrode was applied to the right deltoid. The main outcome
measures were the percentage of correct responses, mean reaction time to correct answers and
coefficient of variation (SRT, CRT and DV) and the mean reaction time to correct trials by
cue, and by network type (ANT task).
Results: Complete study data were obtained from 38 participants. Compared to placebo, no
post-stimulation improvements were observed in SRT, CRT, DV and ANT attentional
outcome measures (all p-values > 0.0025).
Conclusions: A single 20-minute session of anodal tDCS applied to the left DLPFC was welltolerated, but does not benefit attentional function in PDD. Further studies using different
stimulation parameters (e.g. repeated stimulation) should be conducted to determine if tDCS
can improve attention.
Trial registration: Clinical Trials Registry India (CTRI; REF/2015/03/008611)
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Highlights:
-

Attentional difficulties are very common in Parkinson’s disease dementia (PDD).

-

Current pharmacological treatments have limited efficacy and associated side effects.

-

There is a paucity of well-controlled tDCS clinical trials in PDD.

-

tDCS is tolerable and feasible in a PDD population.

-

A single session of tDCS does not benefit attentional function in PDD.
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Introduction
Up to 80% of individuals with Parkinson’s disease (PD) eventually develop
dementia(1, 2). Parkinson’s disease dementia (PDD) is characterised by a range of cognitive
symptoms including executive, visuospatial and memory impairments(3, 4). Attentional
dysfunction is a common and prominent feature of PDD and compared to individuals with
Alzheimer’s disease (AD), those with PDD tend to display greater attentional impairments,
with a relative preservation of memory(5, 6). Attentional dysfunction can negatively affect
quality of life in PDD(7) and may also contribute to other frequently-observed symptoms,
including visual hallucinations(4, 8).
Currently, there are few effective treatments for attentional dysfunction in PDD and
treatment is typically limited to the use of pharmacological agents including cholinesterase
inhibitors and memantine(9, 10). However, these agents can be associated with side
effects(11) and do not work in all patients. One potential non-pharmacological intervention is
that of transcranial direct current stimulation (tDCS), which is a simple, inexpensive and noninvasive method of brain stimulation. This technique delivers a weak electrical current to the
brain through two saline or conductive gel-soaked scalp electrodes. Modelling and empirical
data suggest that tDCS modulates cortical excitability in a polarity-dependent manner, where
anodal stimulation increases the underlying membrane potential by several millivolts and
conversely, cathodal stimulation reduces the membrane potential(12-14).
Previous imaging and neuropathological evidence has shown that frontal atrophy is a
common feature of PDD(15, 16) and that Lewy body pathology are frequently observed in
anterior frontal and temporal regions(17, 18). In PDD, impairments in fronto-striatal
networks, which arise from the depletion of dopamine in the striatum(19, 20) have been
suggested to contribute to the executive and attention deficits.
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Studies in normative populations have suggested that the application of tDCS to the
dorsolateral prefrontal cortex (DLPFC) can enhance working memory, visuomotor coordination, attention and executive function(21-25). In particular, the left DLPFC has been
implicated in top-down cognitive control(26), and the application of anodal tDCS to the left
DLPFC may therefore benefit attention in PDD. However, very few studies have examined
the use of tDCS as a therapeutic tool in neurodegenerative disease populations, although
small-scale pilot studies have shown pro-cognitive benefits in patients with AD and PD(27)
and the effects may continue beyond the stimulation session. In PDD, a previous pilot study
from our group in Lewy body dementia (comprising both PDD and DLB patients)
demonstrated that a single 20-minute session of anodal tDCS applied to the left DLPFC was
well-tolerated(28). Importantly, there was tentative evidence of post-stimulation
improvements in attentional (choice reaction time and digit vigilance), but not
visuoperceptual, computerised task performance. Therefore, a single session of tDCS may
benefit attentional function in LBD. However, the main limitation of this study was in the
lack of an adequate placebo condition.
The aim of the present study was to extend these findings by investigating whether
anodal tDCS, applied to the left DLPFC, is beneficial to attentional function in PDD, as
compared to placebo stimulation. The current study also aimed to examine the effects of
anodal tDCS in PDD in more detail; specifically, whether tDCS can benefit three
anatomically distinct but functionally inter-related components of attention using the
attention network task (ANT)(29): alerting, orienting, and executive control(29, 30). The
ANT has previously been used in PDD, where compared to control and AD participants,
individuals with PDD show slower reaction times, reduced accuracy, and compared to
controls, impairments in executive and conflict networks, indicated by differences in reaction
times, and impairments in executive network in terms of differences in the error rate(31). It
5

was hypothesised that a single session of anodal stimulation, delivered to the left DLPFC,
would benefit measures of attentional function in PDD participants; specifically in choice
reaction time and digit vigilance measures, and the ANT executive control component.

Methods
Trial design
The pilot study was a randomised (1:1 active stimulation/placebo), double-blind,
placebo-controlled, crossover trial in individuals with PDD. The study was conducted at a
single site (Institute of Neurosciences, Kolkata, India) between April 2015 and June 2016.
The trial was stopped with a reduced number of participants as the recruitment rate of
patients was lower than anticipated. There were no pre-specified stopping rules.

Participants
Participants who met diagnostic criteria for probable PDD(4), as verified by two
independent experienced clinicians (HK & JPT), were recruited from the Movement
Disorders clinical service. The diagnosis was confirmed through detailed physical,
neurological and neuropsychiatric examinations. Participants were included if they were a)
aged 50 years or over; b) were stable on anti-Parkinsonian medication, and/or where
applicable, cholinesterase inhibitors, for one month prior to participation; c) had clear
evidence for onset of parkinsonism for at least one year before the onset of cognitive
symptoms. Exclusion criteria included: a) skin allergies; b) a history of excessive alcohol
intake; c) concurrent major psychiatric illness; d) significant or severe physical illness or comorbidities; e) other neurological disorders; f) current or previous visual impairment due to
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glaucoma, cataracts or macular degeneration; g) metallic or electronic implants; h) significant
motor fluctuations or i) moderate-to-severe vascular disease as evidenced on available
imaging. All participants provided written informed consent. The trial was registered with the
Clinical Trials Registry India (CTRI; REF/2015/03/008611), the study protocol was approved
by the Institutional Ethical Committee of the Institute of Neurosciences Kolkata and all
participants provided written informed consent.

Baseline measures
At baseline, cognitive function was assessed using the Montreal Cognitive
Assessment (MoCA)(32), extrapyramidal motor function was assessed using Part III of the
Unified Parkinson’s Disease Rating Scale (UDPRS-III)(33), cognitive fluctuations were
assessed using the One Day Fluctuation Scale (ODFAS) and Clinical Assessment of
Fluctuation (CAF) scale respectively(34), and the presence of depressive symptoms was
assessed using the 15-item Geriatric Depression Scale (GDS-15)(35). All assessments were
administered in English by investigators fluent in both English and Bengali. Information
regarding the duration of cognitive and parkinsonian symptoms, and the use of cholinesterase
inhibitors were obtained, as was the equivalent levodopa dose of anti-parkinsonian
medication, which was expressed in milligrams using levodopa conversion formulae reported
previously(36).

Interventions
Participants received both active and placebo tDCS, and the order of stimulation was
delivered in a counterbalanced manner by a technician blinded to the stimulation condition.
In order to avoid any stimulation carry-over effects, there was a minimum washout period of
7

24 hours between both stimulation sessions. Participants were assessed at baseline and
completed the MoCA, UPDRS-III, CAF and ODFAS. Participants then received one 20
minute session of active or placebo tDCS, before immediately completing computerised tests
of attentional and executive function. All computerised tasks were displayed on a standard
laptop PC and responses were recorded using custom-built response button boxes, which the
participant held either in their dominant hand, or in both hands, depending on the task
requirements.
Each session of stimulation (2.8mA) was delivered using an Eldith DC Stimulator
(Magstim, Whitland, UK), using two 35cm2 electrodes soaked in conductive gel (equivalent
current density: 0.08mA/cm2). The anodal electrode was placed over the left DLPFC
(positioned 50% between F3 and FP1 on the basis of the International 10-20 system(37)) and
the cathodal electrode was placed on the right deltoid muscle. During active stimulation, the
current was initially ramped up to a current density of 0.08mA/cm2 during a 10 second fadein period, which was followed by a 10-second fade-out period at the end of stimulation.
During placebo stimulation, the current increased during a 10-second period before delivering
direct current at an equivalent current density (0.08mA/cm2) for 30 seconds, in order to
ensure that participants experienced skin sensations equivalent to those experienced during
active stimulation. The current then decreased during a subsequent 10-second fade-out
period. When this method of placebo control has been previously used, participants have
been unable to distinguish between active and placebo stimulation(38) and participants were
asked whether they thought they were receiving active or placebo stimulation at the end of
stimulation. During the remainder of stimulation, a very weak brief current pulse (110μA
over 15ms) occurred every 550ms in order to allow the stimulator to verify that the electrodes
were still attached to the patient.
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Study procedures and outcome measures
Participants completed four attentional tasks (simple reaction time (SRT); choice
reaction time (CRT); digit vigilance (DV)) and the Attention Network Task (ANT)).
Participants first completed the SRT, and the order of the DVT, CRT and ANT attentional
tasks were counterbalanced between participants using an online computerised random
generator. Following the administration of tDCS, participants completed one brief practice
trial (consisting of 5 trials per task) before completing a full run of each task. In the SRT
task, a target (letter X) was displayed for a maximum of 3000ms per trial, with a varying
inter-stimulus interval, and participants were required to respond to the target as quickly as
possible. In the CRT task, a target arrow which pointed left or right was displayed for a
maximum of 3000ms and participants were required to respond using the corresponding
button. During the DV task, a target (number 9) was continuously displayed on the right of
the computer screen, and a series of digits which were cycling at 500ms were randomly
displayed in the centre of the screen. Participants were required to press a button whenever
the centre digit and the target digit matched. The SRT, CRT and DV tasks are displayed in
Figure 1.

[Figure 1]

A modified version of the ANT(29) was used in the current study, which has been
reported in detail elsewhere(31). Briefly, the ANT involves the display of four arrowheads,
where participants are required to respond by indicating the direction of the majority of the
arrowheads (Figure 2). In the congruent condition, all four arrowheads were oriented in the
same direction; in the incongruent condition, one of the arrows pointed in the opposite
9

direction. The incongruent condition comprised an easy and hard difficulty level, where in
the easy difficulty, the incongruent arrow appeared at the end and therefore showed three
congruent arrows in a row; in the hard difficulty, the incongruent arrow was displayed as one
of the middle two arrows, meaning only two congruent arrows were displayed in a row. This
allowed for a graded difficulty attention-executive task which can be performed by the
majority of dementia patients(31).
Participants were initially required to fixate on a crosshair displayed in the centre of
three grey boxes. Participants completed 36 trials per run, where during each run a cue (no
cue, a neutral cue or directional cue) was displayed. Targets remained on the screen until
either participants responded, or 3000ms had elapsed. The time between the disappearance of
the cue and target onset was exponentially distributed (700 – 3200ms) and the time between
the target onset and onset of the following cue ranged from 4300ms – 8300ms, where each
duration appeared three times in a pseudo-random order per run; in line with the original
ANT task (29). Each of the cues appeared 12 times and 18 congruent and 18 incongruent
trials per run, and easy and hard trials were equally distributed.

[Figure 2]

Sample size calculation
In a previous tDCS feasibility and tolerability study in LBD patients, significant poststimulation improvements were observed in measures of attentional function (the percentage
of correct responses obtained in choice reaction time task, and the mean reaction time to
correct answers in the digit vigilance task), where on the basis of Cohen’s dz, large effect
sizes were observed (dz = 0.83 and dz = 0.80 respectively)(28). For the current study, a more
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conservative medium effect size was expected (dz = 0.50) for these measures of attentional
function. Power analyses, using a two-tailed paired t-test, were conducted using G*Power
3.1(39) and it was estimated that 34 participants were required at 80% power and 54
participants were required at 95% power (α = 0.05). In the previous feasibility and tolerability
study, 18.75% (3 of 16) of the participants were excluded on the basis of having a poor
understanding of attentional task instructions (28). Allowing for a conservative 20%
participant exclusion or drop-out rate during the study (6.8 participants at 80% power and
10.8 participants at 95% power), a total of 41 participants were required at 80% power and 65
participants at 95% power.

Randomisation sequence and blinding
Participants were randomised to experience active or placebo stimulation during their
first session on the basis of pre-generated random codes, where a total of 65 codes were
generated in one block using an online computerised random generator
(www.randomization.com). These codes were independently generated and were stored
separately from the study site. Active or placebo stimulation was then administered, where a
technician blinded to the type of stimulation entered a separate numeric code into the
stimulator.

Statistical analysis
SRT, CRT and DV task outcome measures included the percentage of correct
answers, the mean reaction time (RT) to correct answers, and the coefficient of variation
(COV), as a marker of intra-individual variability (calculated on the basis of (SDRT / MRT) ×
100). Power of attention (PoA) scores were also derived from reaction time data by summing
11

the SRT, CRT and DV reaction times to correct answers, where lower scores represent better
attentional performance (40, 41). ANT task outcome measures included the RT to correct
trials, broken down by cue type (no cue, neutral cue, directional cue) and by difficulty
(congruent, incongruent, easy incongruent and hard incongruent), expressed in milliseconds
(ms). Three network effects were also derived: a) the alerting effect, defined as the mean
reaction time of the trials with no cues – trials with cues; b) the orienting effect, defined as
the mean reaction time of neutral cue trials – directional cue trials; c) the executive effect,
defined as the mean reaction of all (both easy and hard) incongruent trials – congruent trials;
and d) the conflict effect, defined as the mean reaction time of the hard incongruent trials –
easy incongruent trials.
As previously reported, participants with outliers (defined as a mean of ≥ 2SD on
each attentional variable) were removed from SRT, CRT and DV tasks(28). Shapiro-Wilk
tests were used to assess the normality of SRT, CRT, DV and ANT outcome measures.
Attentional task performance was compared between active and placebo stimulation
conditions using paired t-tests or Wilcoxon signed-rank tests, where appropriate. SRT, CRT,
DV and ANT p-values were adjusted for multiple comparisons using Bonferroni corrections
(adjusted p-value = 0.0025). A chi-square test was used to assess the integrity of blinding.
Additional exploratory analyses were conducted to determine whether levodopa dose
potentially influenced tDCS efficacy, where attentional measures were compared using a
repeated-measures analysis of variance (ANOVA) with the inclusion of baseline levodopaequivalent dose as a covariate. In addition, analyses examined whether tDCS efficacy was
influenced by the use of cholinesterase inhibitors or memantine, using a mixed ANOVA with
the use of these agents, as a between-groups factor and stimulation condition as a withingroups factor. The effect of antipsychotic agents and benzodiazepines were also examined in
this manner. The association between motor severity (UPDRS-III scores) and baseline
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cognition (MoCA scores), and the difference between active and placebo attentional
measures was examined separately, using Spearman rank correlations adjusted for multiple
comparisons.

Results
Participant flow
A total of 44 PDD participants (Mage = 66.82 years; SDage = 8.05 years) were entered
into the study. Two participants were excluded after enrolment. Participants were then
randomised (n = 42) and initially allocated to either active or placebo stimulation, before
crossing over to placebo or active stimulation after a washout period (Figure 3). A total of
four participants were excluded from analysis as only one stimulation session was completed.
This resulted in a final sample of 38 participants (Mage = 66.63 years; SDage = 8.39 years).
Baseline demographic and clinical details are provided in Table 1.

[Table 1]
[Figure 3]

Outcomes
There were no significant differences between active and placebo stimulation
conditions in SRT, CRT or DVT attentional tasks, including in the levels of task accuracy, in
the response time to correct answers, in the coefficient of variation or power of attention (all
p-values > 0.0025; Table 2). Comparisons of the ANT showed that there were no differences
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between active and placebo in the reaction time to correct trials (no cue, neutral cue,
directional cue, congruent, all incongruent, incongruent easy or incongruent hard; all p-values
> 0.0025; Table 3). In addition, analysis of additional ANT components showed there were
no significant differences between active and placebo conditions in alerting, orienting,
executive or conflict effects (all p-values > 0.0025).
Additional exploratory analyses indicated that there were no significant differences
between SRT, CRT and DVT attentional tasks, or in the ANT, with the inclusion of baseline
levodopa equivalent dose as a covariate (all p-values > 0.0025). The use of cholinesterase
inhibitors or memantine did not influence the SRT, CRT, DVT attentional tasks or the ANT,
as indicated by the lack of interaction between the use of cholinesterase inhibitors or
mematine and stimulation condition; all p-values > 0.0025). Similarly, the use of
antipsychotic agents or benzodiazepines did not influence tDCS efficacy. Baseline UPDRSIII and MoCA scores were also not associated with the difference between active and placebo
attentional outcome measures (all p-values > 0.0025). No adverse or serious adverse events
were reported at any point in the study and the blinding integrity was maintained (p > .05).

[Table 2]
[Table 3]

Discussion
This randomised double-blind crossover trial demonstrated that a single 20-min
session of tDCS applied to the left DLPFC does not lead to post-stimulation improvements in
attentional function, as compared to placebo. However, importantly, these findings provide
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further evidence to indicate that tDCS, with a current density of 0.08mA/cm2, is feasible and
well-tolerated in individuals with PDD and can therefore inform stimulation parameters for
further tDCS studies in PDD.
Whilst a single session of tDCS did not appear to improve attentional function in
PDD, the choice of stimulation parameters, including the current density, frequency and
stimulation duration, can significantly impact upon the efficacy of tDCS as a dementia
treatment method(27). Although a single session of tDCS can have sustained effects, and
result in immediate improvements to an executive function task (42, 43), repeated stimulation
sessions may be useful therapeutically in dementia: one motor skill acquisition study
indicated that healthy individuals who received active tDCS over a period of five consecutive
days displayed better performance relative to placebo, where the effects were additive and
persisted up to a three month follow-up period (44). It is therefore possible that repeated
stimulation sessions may be of therapeutic utility in PDD. However, an important
consideration of using repeated stimulation sessions in dementia populations is with regards
to the safety, as whilst a single session of tDCS with a relatively high current density
(0.08mA/cm2) is tolerable in PDD patients, the tolerability of repeated stimulation sessions
has not yet been assessed. Similarly, higher current densities might be needed to induce an
effect; however, increasing the current intensity may increase the perceived discomfort and
be uncomfortable or poorly-tolerated, and therefore caution is needed.
The efficacy of tDCS in PDD may also be boosted using concurrent cognitive
training, which may have a beneficial synergistic effect; as suggested by one study in healthy
adults(45). However, it is not clear whether the efficacy of this approach is influenced by
different levels of cognitive impairment in PDD, or whether adherence is also affected. As
such, concurrent tDCS and cognitive training protocols may need to consider the
stratification of patients by the level of cognitive severity.
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The concurrent use of psychotropic medication is relevant, since therapeutic agents
used in PDD may influence tDCS efficacy. In the present study a high proportion of
participants were observed to be taking cholinesterase inhibitors; this is relevant as the
administration of rivastigmine has been shown to negate the effects of anodal tDCS(46).
Whilst the administration of the N-methyl-D-aspartate (NMDA) receptor antagonist
dextromethorphan can suppress the effects of anodal tDCS(47), and levodopa medication
may also influence stimulation efficacy(48), additional exploratory analyses suggested that
those who were taking the NMDA receptor antagonist memantine to treat the symptoms of
dementia, or levodopa, or those patients taking antipsychotic medication or benzodiazepines,
did not show a differential treatment response compared to those who were not taking any of
those agents.
Participant heterogeneity, in terms of the level of cognitive impairment, may also
have contributed to the present negative findings; differential therapeutic effects of tDCS
depending upon dementia severity have been observed in AD(49). Furthermore, the dual
hypothesis of cognitive dysfunction suggests that the cognitive impairment observed in PDD
occurs due to a combination of dopaminergic-related executive fronto-striatal dysfunction,
and cholinergic-related visuospatial, posterior, cortical and temporal lobe dysfunction(50);
therefore, stimulation to the DLPFC alone may not be sufficient. However, whilst the
application of tDCS to the DLPFC is likely to modulate activity in frontal areas, as neither
the severity of motor symptoms or baseline cognition were associated with the change in
outcome measures in the current study, and the use of cholinergic medication did not
influence efficacy, the dual hypothesis of PDD is unlikely to fully explain the negative
findings in the current study. Future studies should also consider the use of brain imaging in
order to account for individual differences in brain morphometry or atrophy, as the tDCS
current flow can be influenced by structural brain changes (51).
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Strengths of the current study include the large sample size compared to other
dementia tDCS studies. To our knowledge, this is the largest tDCS study conducted in a PDD
population despite the fact that the a priori recruitment target was not achieved, however, the
expected drop-out rate and power calculations were extremely conservative. A further
strength is in the double-blind, placebo-controlled design of the study, as tDCS studies in the
dementias frequently do not include a placebo control(27) and by the crossover design
employed. This study also provides additional important information regarding the
tolerability of tDCS in a PDD population and can therefore help to inform stimulation
parameters of future trials. A potential limitation is in the concurrent use of medications
including cholinesterase inhibitors, memantine and levodopa, which may have interacted with
the use of tDCS as a treatment(46-48). However, it was considered impractical and unethical
to withdraw these agents from a PDD population, as this may have resulted in the clinical
deterioration of patients prior to study entry, and additional analyses suggested that
medication use did not influence stimulation efficacy. Furthermore, whilst we did not use
validated Bengali patient assessment measures in the present study, this limitation was
minimised as trained investigators fluent in both English and Bengali administered all study
measures.
In conclusion, a single 20-minute session of anodal tDCS delivered to the left DLPFC
does not benefit attentional function in individuals with PDD. Despite the negative results,
this study contributes information regarding stimulation parameters for future trials and also
provides further evidence indicating that tDCS is feasible and tolerable in a PDD population.
It is possible that repeated multiple stimulation sessions and the use of concurrent cognitive
training protocols may be needed to demonstrate any potential benefits of tDCS upon
attentional function in PDD.

17

Acknowledgements
This study was funded by the National Institute for Health Research (NIHR) Newcastle
Biomedical Research Centre awarded to the Newcastle upon Tyne NHS Foundation Trust
and Newcastle University. The views expressed are those of the authors and not necessarily
those of the NHS, the NIHR or the Department of Health.

Funding source
This study was funded by the National Institute for Health Research (NIHR) Newcastle
Biomedical Research Centre awarded to the Newcastle upon Tyne NHS Foundation Trust
and Newcastle University.

Financial disclosure/conflict of interest
The authors report no disclosures.

18

References
1.

Aarsland D, Andersen K, Larsen JP, Lolk A. Prevalence and characteristics of

dementia in parkinson disease: An 8-year prospective study. Arch Neurol 2003;60(3):387-92.
2.

Hely MA, Reid WGJ, Adena MA, Halliday GM, Morris JGL. The Sydney multicenter

study of Parkinson's disease: The inevitability of dementia at 20 years. Mov Disord
2008;23(6):837-44.
3.

Janvin CC, Larsen JP, Salmon DP, Galasko D, Hugdahl K, Aarsland D. Cognitive

profiles of individual patients with Parkinson's disease and dementia: comparison with
dementia with lewy bodies and Alzheimer's disease. Mov Disord 2006;21(3):337-42.
4.

Emre M, Aarsland D, Brown R, Burn DJ, Duyckaerts C, Mizuno Y, et al. Clinical

diagnostic criteria for dementia associated with Parkinson's disease. Mov Disord
2007;22(12):1689-707.
5.

Noe E, Marder K, Bell KL, Jacobs DM, Manly JJ, Stern Y. Comparison of dementia

with Lewy bodies to Alzheimer's disease and Parkinson's disease with dementia. Mov Disord
2004;19(1):60-7.
6.

Aarsland D, Litvan I, Salmon D, Galasko D, Wentzel-Larsen T, Larsen JP.

Performance on the dementia rating scale in Parkinson's disease with dementia and dementia
with Lewy bodies: comparison with progressive supranuclear palsy and Alzheimer's disease.
J Neurol Neurosurg Psychiatry 2003;74(9):1215-20.
7.

Bronnick K, Ehrt U, Emre M, De Deyn PP, Wesnes K, Tekin S, et al. Attentional

deficits affect activities of daily living in dementia-associated with Parkinson’s disease. J
Neurol Neurosurg Psychiatry 2006;77(10):1136-42.
8.

Shine JM, Halliday GM, Naismith SL, Lewis SJ. Visual misperceptions and

hallucinations in Parkinson's disease: dysfunction of attentional control networks? Mov
Disord 2011;26(12):2154-9.
19

9.

Goldman JG, Weintraub D. Advances in the treatment of cognitive impairment in

Parkinson's disease. Mov Disord 2015;30(11):1471-89.
10.

Ballard C, Kahn Z, Corbett A. Treatment of dementia with Lewy bodies and

Parkinson’s disease dementia. Drugs Aging 2011;28(10):769-77.
11.

Rolinski M, Fox C, Maidment I, McShane R. Cholinesterase inhibitors for dementia

with Lewy bodies, Parkinson's disease dementia and cognitive impairment in Parkinson's
disease. Cochrane Database Syst Rev 2012(3):CD006504.
12.

Stagg CJ, Nitsche MA. Physiological basis of transcranial direct current stimulation.

Neuroscientist 2011;17(1):37-53.
13.

Creutzfeldt OD, Fromm GH, Kapp H. Influence of transcortical d-c currents on

cortical neuronal activity. Exp Neurol 1962;5(6):436-52.
14.

Purpura DP, McMurtry JG. Intracellular activities and evoked potential changes

during polarization of motor cortex. J Neurophysiol 1965;28:166-85.
15.

Burton EJ, McKeith IG, Burn DJ, Williams ED, O’Brien JT. Cerebral atrophy in

Parkinson’s disease with and without dementia: a comparison with Alzheimer’s disease,
dementia with Lewy bodies and controls. Brain 2004;127(4):791-800.
16.

Borroni B, Premi E, Formenti A, Turrone R, Alberici A, Cottini E, et al. Structural

and functional imaging study in dementia with Lewy bodies and Parkinson's disease
dementia. Parkinsonism Relat Disord 2015;21(9):1049-55.
17.

Kuzuhara S, Yoshimura M. Clinical and neuropathological aspects of diffuse Lewy

body disease in the elderly. Adv Neurol 1993;60:464-9.
18.

Yoshimura M. Cortical changes in the parkinsonian brain: a contribution to the

delineation of "diffuse Lewy body disease". J Neurol 1983;229(1):17-32.
19.

Gratwicke J, Jahanshahi M, Foltynie T. Parkinson's disease dementia: a neural

networks perspective. Brain 2015;138(6):1454-76.

20

20.

Pagonabarraga J, Kulisevsky J. Cognitive impairment and dementia in Parkinson's

disease. Neurobiol Dis 2012;46(3):590-6.
21.

Antal A, Nitsche MA, Kruse W, Kincses TZ, Hoffmann K-P, Paulus W. Direct

current stimulation over V5 enhances visuomotor coordination by improving motion
perception in humans. J Cogn Neurosci 2004;16(4):521-7.
22.

Fregni F, Boggio PS, Nitsche M, Bermpohl F, Antal A, Feredoes E, et al. Anodal

transcranial direct current stimulation of prefrontal cortex enhances working memory. Exp
Brain Res 2005;166(1):23-30.
23.

Fecteau S, Knoch D, Fregni F, Sultani N, Boggio P, Pascual-Leone A. Diminishing

risk-taking behavior by modulating activity in the prefrontal cortex: a direct current
stimulation study. J Neurosci 2007;27(46):12500-5.
24.

Zaehle T, Sandmann P, Thorne J, Jancke L, Herrmann C. Transcranial direct current

stimulation of the prefrontal cortex modulates working memory performance: combined
behavioural and electrophysiological evidence. BMC Neurosci 2011;12(1):2.
25.

Gladwin TE, den Uyl TE, Fregni FF, Wiers RW. Enhancement of selective attention

by tDCS: Interaction with interference in a Sternberg task. Neurosci Lett 2012;512(1):33-7.
26.

MacDonald AW, Cohen JD, Stenger VA, Carter CS. Dissociating the role of the

dorsolateral prefrontal and anterior cingulate cortex in cognitive control. Science
2000;288(5472):1835-8.
27.

Elder GJ, Taylor JP. Transcranial magnetic stimulation and transcranial direct current

stimulation: treatments for cognitive and neuropsychiatric symptoms in the
neurodegenerative dementias? Alzheimers Res Ther 2014;6(9):74.
28.

Elder GJ, Firbank MJ, Kumar H, Chatterjee P, Chakraborty T, Dutt A, et al. Effects of

transcranial direct current stimulation upon attention and visuoperceptual function in Lewy
body dementia: a preliminary study. Int Psychogeriatr 2016;28(2):341-7.

21

29.

Fan J, McCandliss BD, Sommer T, Raz A, Posner MI. Testing the efficiency and

independence of attentional networks. J Cogn Neurosci 2002;14(3):340-7.
30.

Posner MI, Petersen SE. The attention system of the human brain. Annu Rev Neurosci

1990;13:25-42.
31.

Firbank M, Kobeleva X, Cherry G, Killen A, Gallagher P, Burn DJ, et al. Neural

correlates of attention-executive dysfunction in lewy body dementia and Alzheimer's disease.
Hum Brain Mapp 2016;37(3):1254-70.
32.

Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V, Collin I, et al.

The Montreal Cognitive Assessment, MoCA: A brief screening tool For mild cognitive
impairment. J Am Geriatr Soc 2005;53(4):695-9.
33.

Goetz CG, Tilley BC, Shaftman SR, Stebbins GT, Fahn S, Martinez-Martin P, et al.

Movement Disorder Society-sponsored revision of the Unified Parkinson's Disease Rating
Scale (MDS-UPDRS): Scale presentation and clinimetric testing results. Mov Disord
2008;23(15):2129-70.
34.

Walker MP, Ayre GA, Cummings JL, Wesnes K, McKeith IG, O'Brien JT, et al. The

Clinician Assessment of Fluctuation and the One Day Fluctuation Assessment Scale. Two
methods to assess fluctuating confusion in dementia. Br J Psychiatry 2000;177:252-6.
35.

Yesavage JA, Brink TL, Rose TL, Lum O, Huang V, Adey M, et al. Development and

validation of a geriatric depression screening scale: a preliminary report. J Psychiatr Res
1982;17(1):37-49.
36.

Tomlinson CL, Stowe R, Patel S, Rick C, Gray R, Clarke CE. Systematic review of

levodopa dose equivalency reporting in Parkinson's disease. Mov Disord 2010;25(15):264953.
37.

Jasper HH. The ten-twenty electrode system of the international federation.

Electroencephalogr Clin Neurophysiol 1958;10:371-5.

22

38.

Gandiga PC, Hummel FC, Cohen LG. Transcranial DC stimulation (tDCS): a tool for

double-blind sham-controlled clinical studies in brain stimulation. Clin Neurophysiol
2006;117(4):845-50.
39.

Faul F, Erdfelder E, Buchner A, Lang AG. Statistical power analyses using G*Power

3.1: tests for correlation and regression analyses. Behav Res Methods 2009;41(4):1149-60.
40.

Wesnes KA, McKeith IG, Ferrara R, Emre M, Del Ser T, Spano PF, et al. Effects of

rivastigmine on cognitive function in dementia with lewy bodies: a randomised placebocontrolled international study using the cognitive drug research computerised assessment
system. Dement Geriatr Cogn Disord 2002;13(3):183-92.
41.

Emre M, Aarsland D, Albanese A, Byrne EJ, Deuschl G, De Deyn PP, et al.

Rivastigmine for dementia associated with Parkinson's disease. N Engl J Med
2004;351(24):2509-18.
42.

Nitsche MA, Nitsche MS, Klein CC, Tergau F, Rothwell JC, Paulus W. Level of

action of cathodal DC polarisation induced inhibition of the human motor cortex. Clin
Neurophysiol 2003;114(4):600-4.
43.

Doruk D, Gray Z, Bravo GL, Pascual-Leone A, Fregni F. Effects of tDCS on

executive function in Parkinson's disease. Neurosci Lett 2014;582(0):27-31.
44.

Reis J, Schambra HM, Cohen LG, Buch ER, Fritsch B, Zarahn E, et al. Noninvasive

cortical stimulation enhances motor skill acquisition over multiple days through an effect on
consolidation. Proc Natl Acad Sci U S A 2009;106(5):1590-5.
45.

Looi CY, Duta M, Brem A-K, Huber S, Nuerk H-C, Cohen Kadosh R. Combining

brain stimulation and video game to promote long-term transfer of learning and cognitive
enhancement. Scientific Reports 2016;6:22003.
46.

Kuo MF, Grosch J, Fregni F, Paulus W, Nitsche MA. Focusing effect of acetylcholine

on neuroplasticity in the human motor cortex. J Neurosci 2007;27(52):14442-7.

23

47.

Liebetanz D, Nitsche MA, Tergau F, Paulus W. Pharmacological approach to the

mechanisms of transcranial DC‐stimulation‐induced after‐effects of human motor cortex
excitability. Brain 2002;125(10):2238-47.
48.

Monte-Silva K, Liebetanz D, Grundey J, Paulus W, Nitsche MA. Dosage-dependent

non-linear effect of L-dopa on human motor cortex plasticity. J Physiol 2010;588(Pt
18):3415-24.
49.

Cotelli M, Manenti R, Cappa SF, Zanetti O, Miniussi C. Transcranial magnetic

stimulation improves naming in Alzheimer disease patients at different stages of cognitive
decline. Eur J Neurol 2008;15(12):1286-92.
50.

Kehagia AA, Barker RA, Robbins TW. Cognitive impairment in Parkinson’s disease:

the dual syndrome hypothesis. Neurodegenerative Diseases 2013;11(2):79-92.
51.

Brunoni AR, Nitsche MA, Bolognini N, Bikson M, Wagner T, Merabet L, et al.

Clinical research with transcranial direct current stimulation (tDCS): challenges and future
directions. Brain Stimul 2012;5(3):175-95.

24

