Journal of Alzheimer’s Disease xx (2021) x—xx 1
DOI 10.3233/JAD-210003
10S Press

Verbal Fluency in Mild Alzheimer’s
Disease: Transcranial Direct Current
Stimulation over the Dorsolateral Prefrontal
Cortex

Daniela Smirni®"*, Massimiliano Oliveri®®, Eliana Misuraca®, Angela Catania®,
Laura Vernuccio®, Valentina Picciolo®, Flora Inzerillo®, Mario Barbagallo®,

Lisa CipolottiY and Patrizia Turriziani®®

aDepartment of Psychology, Educational Science and Human Movement, University of Palermo, Palermo, Italy
bNeuroTeam Life and Science, Palermo, Italy

CGeriatric Unit, Department of Internal Medicine and Geriatrics, University of Palermo, Palermo, Italy

4Department of Neuropsychology, National Hospital for Neurology and Neurosurgery, London, UK

Accepted 22 March 2021
Pre-press 29 April 2021

Abstract.

Background: Recent studies showed that in healthy controlsand in aphasic patients, inhibitory trains of repetitive transcranial
magnetic stimulation (rTMS) over the right prefrontal cortex can improve phonemic fluency performance, while anodal
transcranial direct current stimulation (tDCS) over the left prefrontal cortex can improve performance in naming and semantic
fluency tasks.

Objective: This study aimed at investigating the effects of cathodal tDCS over the left or the right dorsolateral prefrontal
cortex (DLPFC) on verbal fluency tasks (VET) in patients with mild Alzheimer’s disease (AD).

Methods: Forty mild AD patients participated in the study (mean age 73.17 & 5.61 years). All participants underwent cognitive
baseline tasks and a VFT twice. Twenty patients randomly received cathodal tDCS to the left or the right DLPFC, and twenty
patients were assigned{o a control group in which only the two measures of VFT were taken, without the administration of
the tDCS.

Results: A significant improvement of performance on the VFT in AD patients was present after tDCS over the right DLPFC
(p=0.001). Instead, no difference was detected between the two VFTs sessions after tDCS over the left DLPFC (p =0.42).
Furthermore, these results cannot be related to task learning effects, since no significant difference was found between the
two VFT sessions'in the control group (p =0.73).

Conclusion: These data suggest that tDCS over DLPFC can improve VFT performance in AD patients. A hypothesis is that
tDCS enhances adaptive patterns of brain activity between functionally connected areas.
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INTRODUCTION

Non-invasive brain stimulation (NIBS) is a stimu-

lation technique that can be used to modulate spon-
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direct current stimulation (tDCS). In the TMS, a
rapidly changing current within a conducting coil is
used to induce a strong, but relatively focal, magne-
tic field. When the coil is placed on the scalp, the
magnetic field induces a physiological response (i.e.,
depolarization and/or spiking) in the underlying neu-
ral tissue [1-3]. Different stimulation frequencies
can enhance or inhibit cortical excitability in the
target cortical region [4, 5]. Unlike TMS, tDCS
delivers weak polarizing continuous direct currents
(0.5-2.0mA) to the cortex via two electrodes placed
on the scalp, to modulate neuronal transmembrane
potential toward hyperpolarization or depolarization,
thereby altering plasticity in the stimulated brain
regions [6, 7]. Although they are different in some
respects, both tools can induce long-term after effects
on cortical excitability and neuroplasticity.

NIBS is being increasingly used to study the con-
nection between language processes and the under-
lying brain networks [8—15]. Just as an example,
recent studies have reported that in healthy sub-
jects inhibitory repetitive TMS (rTMS) over the right
lateral frontal cortex significantly improves phone-
mic fluency performance [16], while excitatory tDCS
over the left inferior frontal gyrus improves perfor-
mance in naming, phonemic, and semantic fluency
tasks [17-20].

The studies that investigated language function-
ing, for the most part, used language. fluency tasks
or naming tasks. Picture naming involves producing
a noun or verb for a visually presented target and it
is the most direct measure of language production
performance. During this task,/a large left frontot-
emporal network is activated, extending from the
internal frontal regions to the upper temporal and
lower parietal posterior tegions [21, 22]. Verbal flu-
ency tasks require the subject to produce as many
words as possible from a given semantic category
(semantic fluency) or starting with a given letter (pho-
nemic fluency) within a time constraint. During these
tasks, left frontal, temporal, and parietal areas become
activated, with separated activity of the middle tem-
poral gyrus in the semantic and of the inferior frontal
gyrus in the phonemic fluency task [23-25]. Verbal
fluency tasks are believed to require both language
processes, such as lexical retrieval and semantic me-
mory [26-30], and executive functions, such as the
voluntary production of words and the ability to
inhibit inappropriate responses (interferent words,
that do not match the criteria) [31-37].

Many studies have reported that rTMS and
tDCS can modulate the language system in aphasic

populations [38]. The rTMS allows painless, non-
invasive stimulation of the human cortex from outside
the skull. It uses magnetic fields to create electrical
currents in cortical regions of interest and produces
changes in cortical excitability [39]. When delivered
to the same cortical region, slow (1 Hz) rTMS appears
to decrease excitability in the targeted cortical area
that lasts beyond the duration of the train itself [40],
leading to measurable behavioral effects. Conversely,
rapid rTMS (>5Hz) increases cortical excitability
[41].

Several rTMS studies with-aphasic patients have
observed high activation, during language tasks, in
parts of right cortex homologous.to.the Broca’s area,
which may be maladaptive [42, 43]. When applied
to the homologous.areas in_the undamaged hemi-
sphere, low-frequency (1 Hz) rTMS may suppress the
inhibitory process of that regions, permitting reacti-
vation of some areas within the damaged hemisphere
and promoting some functional recovery [39]. Evi-
dence comes from patient studies showing significant
improvement in verbal fluency [44], more accurate
and faster naming [43] and picture naming [45], fol-
lowing 1 Hz inhibitory rTMS sessions on the cortex
right homologous to Broca’s area.

Similarly, tDCS also proved to be a non-invasive,
safe, and painless method for modulating language
functions in aphasic patients [12]. The tDCS deliv-
ers a weak polarizing electric current to the cortex
through a pair of electrodes, and, depending on the
polarity of the current flow, brain excitability can
be either increased by anodal stimulation (A-tDCS)
or decreased by cathodal stimulation (C-tDCS) [46].
Some studies have shown that the A-tDCS over the
left frontal cortex [47—49] and the left posterior cor-
tex [50, 51] can lead to greater naming accuracy
in stroke patients with aphasia. The A-tDCS was
applied also over the non-language dominant hemi-
sphere (right temporo-parietal cortex) and the study
showed that stimulation further improved language
training outcome [52]. Instead, Kang and colleagues
applied C-tDCS on the Broca’s homologue area, and
the authors concluded that C-tDCS over the right
Broca’s homologue area improves naming accuracy
[53].

The performance on verbal fluency tasks in patients
with Alzheimer’s disease (AD) or mild cognitive
impairment (MCI) has been extensively investigated
[54-56]. Many studies have also proposed verbal flu-
ency tasks as a diagnostic tool to differentiate subjects
with normal cognitive functioning from patients with
mild AD [57-62].
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However, although numerous studies applied brain
stimulation in AD, the majority of these studies
focused on memory [63-71], while the modulation
of linguistic functions in AD remains poorly investi-
gated.

Cotelli and colleagues [72] reported significant
effects on auditory sentence comprehension of AD
patients of 20 Hz rTMS trains over the left dorso-
lateral prefrontal cortex. The same authors had also
observed that high frequency rTMS applied to the left
and right DLPFC during object and action naming in
AD patients improved performance also in advanced
stages of dementia [73]. In this case, the rTMS effect
in normal controls was limited to the left-sided stim-
ulation, whereas the improvement was bilateral in
AD patients, with both mild and severe disease stage.
The authors explained this finding with the recruit-
ment of the right hemispheric resources to support
poor naming performance, like a compensatory pro-
cess. Another recent study reported an improvement
in auditory comprehension task after A-tDCS over
the right posterior cortex (Brodmann areas 39/40) in
a neurodegenerative patient [74].

The current study aimed to investigate the effects
of C-tDCS over the left or right DLPFC on verbal
fluency tasks in patients with mild AD. Based on
the evidence that emerged in previous studies that
investigated fluence through right inhibitory rTMS
in healthy subjects, C-tDCS was assumed could be
based on the same assumptions.

The underlying hypothesis was that right C-tDCS
could improve phonemic fluency tasks by modulat-
ing transcallosal connections between the left and
right hemisphere. The same evidence was observed in
healthy subjects [16] and.in'memory functions, with
MCI and AD patients [63, 75] applying inhibitory
r'TMS. The hypothesis is to extend the same observa-
tions of memory into language-related functions.

MATERIALS AND METHODS
Farticipants

Participants were recruited among the patients of
the Geriatric Unit, Department of Internal Medicine
and Geriatrics, University of Palermo. Patients
underwent a comprehensive diagnostic investigation,
which included anamnestic and clinical collection, a
neurological and neuropsychiatric examination, brain
MRI, and an extensive neuropsychological assess-
ment to explore all cognitive domains.

Inclusion criteria were: mild AD diagnosis, no his-
tory of other neurological or psychiatric disorders,
no signs of concomitant cerebrovascular disease, no
alcohol abuse, psychosis, or major depression.

The diagnosis of mild AD was obtained accord-
ing to the diagnostic criteria for prodromal AD [76]
referring to the early symptomatic phase of AD, char-
acterized by episodic memory loss in the presence of
AD pathology. Patients who met the inclusion and
diagnostic criteria were called for recruitment in a
second meeting within one week.

The sample consisted of 40 patients, 13 males
(32.5%) and 27 females (67.5%), with mean age of
73.17 £5.61 years (agerange 62—80), mean educa-
tion of 12.7 £ 3.58 years (education range 8—18).

All patients were free of medications. Written
informed consent was obtained from all patients in
accordance with the independent local Ethics Com-
mittee. Participating patients could freely drop out of
the study at-any time due to fatigue, discomfort, or
poor tolerance.to tDCS administration.

METHODS

Patients underwent an extensive neuropsycholog-
ical assessment exploring all cognitive domains:
general cognitive level, non-verbal intellective abili-
ties, verbal and non-verbal short-term memory, visual
recognition memory, verbal memory, naming, inter-
ference inhibition, apraxia. In addition, functional
and psychological domains were studied, such as the
level of anxiety and depression and the simple and
complex autonomies of daily living.

Participants were randomly assigned to two inde-
pendent groups: experimental and control. In the
experimental group (n. 20: 6 males, 14 females) the
participants were administered the cognitive base-
line tasks, cathodal tDCS and the phonemic fluency
tasks (VFTs). The VFTs were given twice, before
and immediately after tDCS stimulation. The exper-
imental group was divided into two paired groups
of 10 patients: one group received cathodal tDCS to
the right DLPFC and the other group received catho-
dal tDCS to the left DLPFC. In the control group (n.
20: 7 males, 13 females) the participants were admin-
istered the cognitive baseline tasks and the phonemic
fluency tasks, to evaluate the potential contribution of
learning effects on VFTs. The patients were informed
about the assigned group to know their availability to
receive brain stimulation.
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Neuropsychological and functional examination

All participants received a comprehensive neu-
ropsychological examination including measures of
general cognition, attention, naming, memory, work-
ing memory, executive functions, and psychological
factors such as anxiety and depression. The following
cognitive tests were administered: 1) The Mini-
Mental State Examination (MMSE) [77], assessing
the level of cognitive impairment in elderly or pre-
sumed dementia; 2) The Raven’s Coloured Pro-
gressive Matrices (RCPM) [78, 79], assessing non-
verbal intellective abilities, attentional processes and
abstract reasoning in adults. The test requires to
choose among six options the missing element in a
drawing. One point was given for each correct answer
and the total score was the sum of the correct answers
with a maximum score of 36; 3) The Digit Span
forward and backward [80], evaluating short-term
verbal memory. The task consists of repeating a series
of numbers of progressively increasing length both
forward and backward. The verbal span score was cal-
culated from the longest sequence of digits that was
repeated after a single presentation; 4) The Corsi Span
forward and backward [80], assessing visuo-spatial
short-term memory. The task involves reproducing
series of visuospatial sequences of increasing length
both forward and backward. The visuospatial mem-
ory span score was calculated based,on the length
of the longest correctly reproducedsequence;5) The
Italian version of the Recognition Memory:Test for
Faces (RMT-Faces) [81, 82],assessing visual recog-
nition memory. The total score is“the number of
correctly items recognized; 6) The Auditory-Verbal
Learning Test (AVLT) [83484].assessing verbal mem-
ory. The number-of.words correctly recalled in the
five immediate trials gives the total immediate recall
score, and.the number of words correctly recalled
in the 15min delayed trial gives the delayed recall
score; 7). Two tasks of the Battery for the Aphasic
Deficit Analysis (BADA) [85], assessing the ability
of naming nouns and verbs. The number of correctly
named items is the test score; 8) The short version
of Stroop Color-Word Test, assessing the ability to
inhibit interference, that is part of executive functions
[86]. The test evaluates how many of the 30 words
have been correctly reported with the color they are
printed and the time taken; 9) Copying drawings with-
out and with programming elements (CD, CDP) [83,
87] consisting in the freehand copy (CD- without pro-
gramming elements) or with programming elements
(CDP-points, lines to be completed with segments) of

three drawings. The scoring consists in the evaluation
of the graphic lines copied correctly with a maximum
score of 12 for CD and 70 for CDP. 10) Hospital Anx-
iety and Depression Scale (HADS) [88] a self-rating
questionnaire to evaluate the presence and severity of
anxiety and depression. The questionnaire provides
two separate indices, one for anxiety scale and one
for depression scale. A score greater than 8 on each
subscale indicates the presence of mild anxiety or
depression, a score above 10 indicates a pathological
condition of anxiety or depression; 11) Activities of
Daily Living (ADL) [89], assessing self-maintenance
and Instrumental Activities of Daily Living (IADL)
[90], assessing instrumentalactivities of daily living.

Transcranial direct-current stimulation

The C-tDCS was applied using a battery-driven
BrainStim stimulator (EMS, Italy), with a pair of
surface-soaked sponge electrodes (5cm x7cm). A
constant current of 1 mA intensity was delivered for
20 min positioning the cathode over the left or right
DLPFC (F3/F4 sites according to extended Interna-
tional10-20 System for EEG electrode placement)
and the anode above the contralateral shoulder [47,
91]. Based on the existing literature, such electrode
positioning was chosen to avoid potential confound-
ing factors resulting from the placement of two
polarity electrodes close to the brain (as it is difficult
to deduce which electrode is affecting performance)
[49, 92].

The tDCS was applied in the interval between the
two phonemic fluency testing sessions.

Furthermore, tDCS has been applied according to
safety guidelines, to allow safe brain stimulation with
minor side effects [93—95]. Subjective perceptions of
fatigue, discomfort and pain were assessed during the
administration of tDCS.

Phonemic fluency tasks

Two phonemic fluency tasks, standardized for the
Italian population, were used [83, 87, 96, 97]. Both
tasks require participants to generate as many words
as possible starting with a given letter within 1 min,
excluding proper nouns and words differing only for
the suffix. In one of the two phonemic fluency tasks,
the 3 letters used were ‘F° ‘A’ ‘S’. In the second
task, the 3 letters used were ‘F’ ‘P’ ‘L’. The two
versions of the task were used, in a balanced man-
ner, the same number of times before and after the
C-tDCS administration. From now on, the task used
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before stimulation will be identified as ‘pre’ and the
one used after stimulation as ‘post’.

Statistical analyses

The experimental group and the control group were
compared for demographic characteristics (age, edu-
cation, and sex) using the independent #-test and the
chi-square test.

ANOVA for repeated measures was used to com-
pare the mean number of words produced in the two
sessions of phonemic fluency tasks (pre and post) by
the 3 groups (left DLPFC, right DLPFC and controls).

An additional one-way ANOVA for repeated mea-
sures was computed to compare VFTs performance
between the two experimental groups to analyze the
effect of the stimulation site. The between-subjects
factor was Side (left versus right DLPFC). The
within-subjects factor was Session (pre versus post).
Planned comparisons, using the Scheffe test, were
carried out if overall tests were significant. Effect size
was calculated on the differences between pre- and
post-task in the left DLPFC, right DLPFC and con-
trol groups using Cohen’s d. Furthermore, one-way:
repeated measures ANOVA was computed to com-
pare the two sessions of VFT's (pre versus post)in the
control group, to evaluate the potential contribution
of learning effects.

A p value <0.05 was set as indication of statistical
significance for all analyses.

RESULTS

No patient dropped out ofthe study because they
reported discomfort.or pain during tDCS adminis-
tration. The only effect reported concerns a minimal
somatosensory. Some subjects reported feeling cur-
rent electricity .as an itchy sensation under both
electrodes during the early rising phase of the direct
current, that'is, during the first few seconds of stim-
ulation [93-95].

The two groups, experimental versus controls,
can be considered overlapping both for demographic
characteristics and for neuropsychological and func-
tional examination.

No differences in age [t-test (38)=0.25; p=0.80 ],
education [-test 38y =0.09; p=0.93], and sex distri-
bution [Xz(l,,, —40=0.11; p=0.74] were found
between the two groups (Table 1). Similarly, the cog-
nitive domains investigated were completely over-
lapping among the two groups and no comparison

Table 1

Demographic characteristics and cognitive results of the sample

Experimental Control

group group

(mean £+ S.D.) (mean +S.D.)
Age (y) 73.4+5.67 72.95+£5.55
Years of Education 12.75+3.43 12.65+3.72
MMSE 22.45+2.12 22.8+2.42
RCPM 22.95+4.92 23.35+5.24
Digit Span (forward) 475+0.85 4.8+0.89
Digit Span (backward) 3.35+0.81 3.44+0.88
Corsi Span (forward) 4.2+£0.76 4.3+0.80
Corsi Span (backward) 3.240.69 3.34+0.74
RMT (Faces) 17.8 :=4.46 18.4+4.49
AVLT immediate recall 24.4+7.8 25447
AVLT delayed recall 3.95+£2.52 3.8+£2.69
BADA (nouns) 25.1+3.49 25.9+3.06
BADA (verbs) 21.3+£4.34 22.7+3.35
Stroop (Time) 76.3+£32.67 74.25+£31.82
Stroop (errors) 245+2.52 2.55+2.89
CD 8.8+ 1.91 8.75+1.86
CDP 66.15£5.01 67 £4.58
HADS Anxiety 5.63+2.24 5.85+2.6
HADS Depression 3.68 £2.06 3.6+2.09
ADL 5.85+0.37 5.84+0.41
TIADL 7.15+£1.14 73+1.13

F-test and p-value did not reach statistically significant levels in
any test. MMSE, Mini-Mental State Examination; RCPM, Raven’s
Coloured Progressive Matrices; RMT, Recognition Memory Test;
AVLT, Auditory-Verbal Learning Test; BADA, Battery for the
Aphasic Deficit Analysis; CD, copying drawings; CDP, copying
drawings with programming elements; HADS, Hospital Anxiety
and Depression Scale; ADL, Activities of Daily Living; IADL,
Instrumental Activities of Daily Living.

between the means of the cognitive tests administered
was statistically significant (Table 1).

Comparing the mean number of words produced in
the two testing sessions (pre and post) by the 3 groups
(left DLPFC, right DLPFC and controls), ANOVA
showed no differences between the means of the three
groups in the pre session [F(2 37)=0.19; p=0.824].
Instead, significant differences emerged in the post
session [F(; 37)=10.82; p=0.001] (Table 2). Post-
hoc tests revealed no significant difference between
the phonemic fluency performance of the control and
the left DLPFC group (p =0.674). Conversely, there
were significant differences between the VFT of the
left DLPFC and the right DLPFC group (p <0.001),
and between the right DLPFC group and the controls
(»<0.001) (Table 2).

Next, the effects of inhibitory tDCS over DLPFCs
in the fluency tasks were evaluated. When the
pre phonemic fluency testing session and the post
phonemic fluency testing session after stimulation
on the left DLPFC were compared, there was no
significant change in performance [F(j 18)=0.697,
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Table 2
Phonemic Fluency performance of the experimental (left and right DLPFC) and control groups: mean number of words and standard
deviations, ANOVA and post-hoc tests

Session L-DLPFC R-DLPFC Controls F-test P
(mean+S.D.) (mean+S.D.) (mean+S.D.) (d.f.=2,37)

Post-hoc Test

L-DLPFC versus
R-DLPFC

pre 24.23+£1.92 24.84£2.6 24.76 +2.61 0.19 0.824 - - -
post 23.48+2 28.85+2.17  24.46+£3.39 10.82 <0.001 p< 0.001 p=0.674 p<0.001

Legend: L-DLPFC: tDCS over Left dorsolateral Prefrontal cortex group; R-DLPFC: tDCS over Right dorsolateral Prefrontal cortex group;

L-DLPFC R- DLPFC
versus Controls  versus Controls

p: p-value; d.f.: degree of freedom; S.D.: Standard Deviation.

p=0.42, Cohen’s d=0.26]. In contrast, when the
phonemic fluency session before stimulation and the
one after right DLPFC stimulation were compared,
a significant increase in performance is recorded
[F(1,18)=26.55,p=<0.001, Cohen’s d =1.63]. Accord-
ing to Sawilowsky’s new effect size rules of thumb,
a Cohen’s d between 1.2 and 2 indicates a very large
effect size [98].

In addition, no learning effect was recorded. When
comparing the phonemic fluency performance in the
first and the second testing sessions, there were
no significant differences in the control group [F
1,38)=0.119, p=0.73, Cohen’s d=0.07].

DISCUSSION

These results indicate that C-tDCS ‘over right
DLPFC enhances performance in phonemic fluency
tasks in mild AD patients and that this effect cannot
be accounted for learning effect.

This study investigated the modulating effects of
C-tDCS applied to the/eft and:the right DLPFC in
a phonemic fluency task‘inwa, sample of mild AD
patients. The mainuresult is a significant increase
in performance after right C-tDCS and no change
after left C-tDCS. Indeed, patients receiving right
C-DLPEC tDCS improved scores on a verbal flu-
ency taskin the post-stimulation session as compared
to their pre-stimulation performance. AD patients
receiving right DLPFC C-tDCS had significantly
higher results when compared to both the patients
receiving left DLPFC C-tDCS and to the control sub-
jects who instead received no stimulation.

These findings, together with previous results doc-
umenting in healthy subjects a direct involvement
of the right PFC in phonemic fluency tasks [16],
could suggest that the temporary inhibition of the
right DLPFC modulates a linguistic-executive net-
work involving the left hemisphere and facilitating
words retrieval while respecting task rules in patients

with mild AD. These data are consistent with studies
showing a beneficial effect of low-frequency TMS
applied to the right inferiorfrontal gyrus in nonfluent
aphasic populations [38, 99, 100] and would con-
firm the same effect.using C-tDCS. Considering that
low-frequency £TMS and C-tDCS are both associ-
ated with modulation of inhibitory networks (for a
review, see [101]), these results, together with evi-
dence from post-stroke patients, would indicate a
close interhemispheric link in the language network
[102, 103].

Furthermore, we would provide some additional
suggestions to the understanding of the neurophysio-
logical mechanisms underpinning the tDCS-induced
effects reported in this study.

Neuroimaging findings reported hyperactivations
in the right DLPFC in MCI and AD patients and
these activations have been frequently interpreted
as reflecting compensatory mechanisms [e.g. 104].
However, some studies suggested that hyperactiva-
tions in the PFC may represent a dysfunctional use
of brain resources in AD, rather than reflecting com-
pensatory mechanisms. In line with this hypothesis,
Meinzer and colleagues [105] reported ameliorating
effects of brain stimulation in a verbal generation task
in MCI patients and suggested a correlation between
improved functionality and reductions of hyperactiv-
ity of prefrontal regions. This finding suggests that
inhibition of right DLPFC may modulate a more
general domain involved in the process of retriev-
ing linguistic information. Observation already well
documented also in the retrieval of information from
the recognition memory [63].

In the present study, inhibitory tDCS over the right
DLPFC may modulate the activity in this dysfunc-
tional network, restoring an adaptive equilibrium in
AD patients (see also [63, 75] for a discussion of the
application of brain stimulation targeting inhibitory
networks on cognitive functions).

Another finding that emerged from the present
study is that left hemispheric modulation by C-tDCS
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does not significantly affect phonemic fluency per-
formance. This finding would further strengthen that
the inhibitory effect that has the greatest impact
on fluency tasks is mainly in the right hemisphere.
This finding could prompt future research to eval-
uate whether a similar result will be observed with
excitatory brain stimulation protocols in the left hemi-
sphere. This could have an important clinical impact
on the modulation of fluency tasks in various patient
populations.

Furthermore, this result would show that learn-
ing effects do not affect the observed performance
increasing after right hemispheric tDCS. In fact, when
comparing the performance in the two verbal flu-
ency sessions in the control group, i.e., subjects who
had not undergone stimulation, no differences were
found. The lack of significant learning effects on VFT
performance was indeed reported also in a previous
study involving healthy subjects [16].

Recently, several studies in the neurorehabilita-
tive field have investigated the efficacy of tDCS to
restore cognitive dysfunctions and behavioral impair-
ments in MCI and AD patients [107]. This study
helps to extend the use of non-invasive brain stim-
ulation techniques to AD patients in the domain.of
language at the intersection with executive functions,
i.e., functions that are impaired since the early stages
of dementia [108]. Indeed, it has been /adequately
supported that the early impairment of executive
functions also affects the early stages of dementia
[109, 110]. Improving linguistic productivity using
these methods could improve the quality of life and
the management of the neurodegenerative course typ-
ical of dementia.

Of course, the present study has a sample size
limitation that reduces the generalization process of
these results. However, they are promising for the
study and treatment of cognitive functions related to
the neurodegenerative process typical of dementia.
Moreover, future research could investigate whether
this observedimprovement in phonemic fluency can
be extended to even more severe stages of AD and
understand up to what level of severity these NIBS
tools can be proposed as techniques for treating AD-
associated cognitive disorders.

One of the questions that the current study still
leaves open is whether this shown effect is maintained
on patients of higher severity. The deliberate choice
of a sample of patients with a mild level of deterio-
ration is linked to the evidence that tDCS, and more
generally neuromodulation techniques, can modulate
only to the extent that circuits are still partially spared.

This finding has already been confirmed in memory
studies [106]. The observation on patients with mild
impairment allows to investigate a language disorder
not yet overt. The choice to study language is linked
to the search for new methods to impact on cogni-
tive impairment by treating other cognitive domains
in addition to memory in patients with mild AD, for
example the processes involved in executive func-
tions.
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