Accepted Manuscript

Title: Exploring the effects of Transcranial Direct Current
Stimulation over the prefrontal cortex on working memory: a
cluster analysis approach

Authors: Antonio Luque-Casado, Noa Fogelson, Eliseo
Iglesias-Soler, Miguel Fernandez-del-Olmo

PII: S0166-4328(19)30875-7

DOI: https://doi.org/10.1016/.bbr.2019.112144
Article Number: 112144

Reference: BBR 112144

To appear in: Behavioural Brain Research

Received date: 4 June 2019

Revised date: 19 July 2019

Accepted date: 5 August 2019

Please cite this article as: Luque-Casado A, Fogelson N, Iglesias-Soler E, Fernandez-
del-Olmo M, Exploring the effects of Transcranial Direct Current Stimulation over the
prefrontal cortex on working memory: a cluster analysis approach, Behavioural Brain
Research (2019), https://doi.org/10.1016/j.bbr.2019.112144

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.



Exploring the effects of Transcranial Direct Current Stimulation over the

prefrontal cortex on working memory: a cluster analysis approach.

Antonio Luque-Casado?®, Noa Fogelson?, Eliseo Iglesias-Soler®, Miguel Fernandez-del-

Olmo**

(a) Area of Sport Sciences, Faculty of Sports Sciences and Physical Education. Center

for Sport Studies, King Juan Carlos University, Madrid, Spain.

(b) Department of Physical Education and Sport, Faculty of Sports Sciences and
Physical Education, University of A Coruna, Performance and Health Group, A Coruifia,

Spain.

Submitted to: Behavioural Brain Research

*Corresponding author:

Miguel Fernandez del Olmo

Universidad Rey Juan Carlos

Departamental II, Campus Alcorcon.

Avenida de Atenas s/n, 28922 Alcorcén, Madrid

e-mail: miguel.delolmo@urijc.es

Highlights
e Anodal transcranial direct current stimulation failed to improve memory span.
e (Cluster analysis approach identified ‘responders’ vs. ‘non-responders’

e Methodological approaches to address inter-individual variability are encouraged.


mailto:miguel.delolmo@urjc.es

Abstract

Background: The interest in the use of anodal transcranial direct current stimulation
(tDCS) for the enhancement of cognitive functioning has increased significantly in
recent years. However, the efficacy of this technique remains to be established.
Objective: The current study explored the effects of anodal vs. sham tDCS over the left
dorsolateral prefrontal cortex (DLPFC) during the performance of the digit span
backwards task. Methods: 30 healthy participants received ‘offline’ anodal tDCS

(1.5 mA, 15 min) to the left DLPFC in an intra-individual, cross-over, sham-controlled
experimental design. Memory span performance was assessed before (baseline),
immediately after tDCS administration (T1) and 10 minutes post-T1 (T2). We applied
cluster analysis in order to characterize individual responses to tDCS, and in order to
identify naturally occurring subgroups that may be present. Results: Analysis of all the
subjects showed that anodal tDCS failed to improve memory span performance. Cluster
analysis revealed the presence of a subgroup of ‘responders’ that significantly improved
their performance after anodal (vs. sham) tDCS in T1 (47%) and T2 (46%). However,
there was no significant improvement in performance after anodal tDCS compared to
the best baseline performance. Conclusion: Our findings suggest that tDCS does not
improve memory span performance and highlights the need for better ways to optimize
methodological approaches in order to account for inter-individual variability and

accurately assess the evidential value of tDCS-linked cognitive outcomes.

Keywords: transcranial direct current stimulation (tDCS); cognitive function; memory

span; cluster analysis; inter-individual variability; non-invasive brain stimulation.



1. Introduction
Transcranial direct current stimulation (tDCS) is a non-invasive brain stimulation
technique that delivers relatively weak currents through scalp electrodes placed over
target cortical areas. It has been argued that tDCS can enhance or decrease cortical
excitability, as measured by the change in amplitude of motor evoked potentials
(MEPs), that may outlast the period of stimulation [1,2]. This effect can be modulated
according to the polarity of the current delivered by the tDCS. In general, anodal tDCS
applied to the primary motor cortex induces an increase in MEPs, while an inhibition

occurs with cathodal tDCS [1].

Animal and human studies suggest that anodal tDCS modifies the threshold for action
potentials, and induces long-term potentiation (LTP)-like mechanisms [3]. Thus, tDCS
has been utilized as a potential therapeutic or enhancing tool for the modulation of
learning in clinical populations, and healthy subjects, respectively [4—6]. The number of
studies using tDCS in order to modulate motor or cognitive performance have grown

exponentially [7].

In the cognitive domain, tDCS over dorsolateral prefrontal cortex (DLPFC) has been
used to explore the influence of this area on working memory performance with mixed
results [8]. This is not surprising due to the small samples, the wide range of working
memory tasks and the different protocols of stimulations that were used. Stimulation
parameters (stimulation current, density and density charge) may influence the anodal
tDCS effects on cognition in healthy subjects [9]. For instance, current intensity may
affect aspects of working memory performance such as accuracy or reaction time [10].

Other factors such as age, gender, hormones, handedness, cognitive ability, neurological



or psychiatric disorders, medications, recreational drugs, neurotransmitter levels, prior
exposure to brain stimulation, and differences in head anatomy are likely to modulate

the effects of tDCS [11].

All the above-mentioned factors can account for the high inter-subject variability
responses associated with anodal tDCS. In a recent study conducted on a sample of 56
healthy subjects, a cluster analysis showed that only 45% of the subjects exhibited an
increase in MEPs in response to anodal tDCS [12]. Therefore, addressing the inter-
individual variability of tDCS is key in order to determine an adequate sample size. For
instance, it has been suggested that a minimum of 87 participants are needed in order to
detect a significant difference in the motor excitability induced by tDCS between
patients and healthy subjects [13]. Assuming that the high inter-subject variability is not
constrained to motor areas, the use of a large sample size should also be recommended
to explore the effects of tDCS over prefrontal cortex on cognitive performance.
However, the mean sample size used for studies included in a review of tDCS over
prefrontal cortex was only 21 participants [8], which may explain the reported

inconsistencies.

An alternative approach, in order to avoid the use of large sample sizes, may be to select
those subjects that respond to tDCS. This procedure is used in order to enrich the
number of ‘responders’ in a given sample, specifically when the primary motor cortex is
stimulated and MEP recordings are obtained [12]. However, the tDCS induced-changes
in cortical excitability do not necessarily translate into a behavioral effect [14] and the
mechanisms linking stimulation-induced changes in cortical excitability with complex

cognitive processes remain largely unknown [15—17]. In the current study, we addressed



this issue by categorizing the subjects according to the expected baseline behavior,

using a well-defined a priori hypothesis.

The objective of the study was to test the hypothesis that anodal tDCS over DLPFC has
a performance enhancing effect on the digit span backward memory task. We focused
on the memory span capacity since it is one of the working memory domains in which
inconclusive results have been reported [18—21]. Furthermore, by utilizing a simple
experimental design of a single cognitive task, we were able to magnify the statistical
power and to assess the specificity of the effect of tDCS on the memory span, while
avoiding the potential confounding interactions across several cognitive tasks. A total of
30 healthy subjects participated in this study. We explored our hypothesis using both
the whole sample size and an enriched sample obtained using a cluster analysis
procedure. The cluster analysis allowed us to identify those subjects where the effect of
the anodal tDCS was significantly different from the effect of sham tDCS

(‘responders’), and whether this effect differs from ‘non-responders’.

2. Method

2.1. Participants
A total of 30 Caucasian healthy subjects (23 men, 7 women), aged between 19 and 29
years (mean age + SD: 21.6 + 2.7), were recruited for this study after giving written
informed consent. This study was conducted in full compliance with the Declaration of
Helsinki 1964 (updated in Fortaleza, 2013) and approved by the Local Ethics

Committee of the University of A Corufia. None of the subjects reported any



neurological (including a past medical history of head injury or seizures), psychiatric,

other significant medical problems or contraindications to undergo the tDCS protocol.

2.2. General procedure
We used a single-blind, cross-over, sham controlled experimental design. Participants
performed two separate blind sessions corresponding to each stimulation condition
(anodal tDCS vs. sham tDCS). The order of the sessions was counterbalanced and a
minimum of two weeks ‘wash-out period’ was implemented in order to minimize carry-
over effects. Each experimental session began with a familiarization period in which
participants initially completed the digit span task as a practice trial. Then, cognitive
testing commenced with a baseline trial of the task prior to the stimulation period.
Stimulation (anodal tDCS or sham tDCS) was carried out ‘offline’ (in the absence of
concomitant execution of any behavioral task) and lasted a total of 15 minutes. The
participants remained seated and were instructed to avoid unnecessary movements
during the stimulation period in order to minimize a possible interference. Immediately
after the stimulation, two trials (T1 and T2) of the digit span task were performed,

separated by a 10-minute rest interval.

2.3.DCS
Anodal tDCS was delivered for 15-minutes at 1.5 mA through a pair of saline-soaked
sponge surface electrodes of 35 cm2 (current density of 0.04 mA/cm?) connected to an
aDC stimulator (neuroConn). The stimulation parameters were chosen according to two
meta-analysis studies, which indicated that a current density greater than 0.029 mA/cm?
for stimulation periods greater than 10 minutes are more likely to have a significant

effect in cognitive tasks [9,22].



Active electrode (anode) was placed over the left DLPFC, the reference electrode
(cathode) was placed over the contralateral supraorbital region. For the sham tDCS
condition the current of the anodal tDCS was switched off after 30 seconds of
stimulation. Current was faded in and faded out for 8 seconds in both the anodal and
sham stimulation conditions. We did not include cathodal tDCS since no effects on

cognition have been observed in healthy subjects using this stimulation [9,23].

Left DLPFC was localized using a standardized function-guided procedure [24]. First,
we localized the left M1-Hand as a reference point by means of transcranial magnetic
stimulation (TMS). Subjects were seated in a chair with their hands resting on a pillow.
We recorded test motor-evoked potentials (MEPs) from first dorsal interosseus muscle
(FDI) with Ag/AgCl electrodes (diameter: 9 mm each), using a tendon-belly montage
with an inter-electrode distance of 3 cm. Electromyographic (EMG) signals were
amplified and filtered with Digitimer D360 amplifiers (Digitimer, Welwyn Garden City,
Herts, UK) and then passed through a CED 1401 laboratory interface (Cambridge
Electronic Design, Cambridge, UK). The EMG signals were band-pass filtered (low-
pass filter: 5 kHz, high-pass filter: 20 Hz) and sampled at 5 kHz with the gain adjusted
to 2,000. We evoked responses in the target muscle with single pulse TMS. Magnetic
stimuli were delivered using a Magstim 200 stimulator connected to a figure of eight-
shaped coil with a wing diameter of 90 mm (The Magstim Company, Whitland, Dyfed,
UK). The coil was placed tangentially to the scalp with the handle pointing backward
and rotated away from the midline by 45°. The coil was moved over the hand area of
the motor cortex until the point in the scalp where stimulation elicited the largest MEPs
in the FDI was obtained (hot spot). After the position of the hot spot was established,

the coil was positioned 5 cm anterior to M1-Hand on a line parallel to the midsagittal



line using information derived from the Talairach atlas [25]. This procedure has been

shown to be more accurate compared with the International 10-20 EEG system [26].

2.4.Digit Span Backwards
We used a computerized version of the digit span backwards task using the Psychology
Experiment Building Language (PEBL) software [27]. The task requires participants to
repeat sequences of numbers of increasing length in the reverse order of presentation
[28]. The procedure started with sequences of two numbers and progressed up to a span
of 12, adding a digit automatically every time the participant performed the task
correctly. The task ended once the participant failed to repeat the numbers correctly two
consecutive times within the same string of numbers, or once the maximum digit span
length was reached (12 digits). The score was the maximal number of digits recalled

correctly by the participant.

2.5.Statistical analysis
All statistical analyses were performed using SPSS software (SPSS, Chicago, IL). Two
different statistical approaches were conducted in order to explore the effect of the
tDCS, a traditional analysis of variance (ANOVA) of repeated measures and a cluster

analysis.

Analysis of variance
A repeated-measures ANOVA was performed in order to compare the digit span score,
with Condition (anodal tDCS vs. sham tDCS) and Trial (baseline, T1 and T2) as intra-

subject factors. Post-hoc analyses were conducted using Bonferroni corrections.



Sphericity was tested by means of the Mauchley sphericity test and the Green-House
Geisser correction was applied when violation of this assumption occurred.
We also analyzed the potential order effect by repeated-measures ANOVA with

Condition and Trial as intra-subject factors and Order as between-subject factor.

Cluster analysis

Due to the high inter-individual variability in response to non-invasive brain stimulation
protocols [12], a follow-up cluster analysis on the whole sample was applied to better
characterize the subjects’ response to tDCS and to identify naturally occurring

subgroups that may be present. Cluster analysis was carried out in two stages.

First, we used a hierarchical cluster analysis with the Ward clustering method and
squared Euclidean distance as dissimilarity measure. We used this analysis in order to
determine the number of clusters and the centroid for each of them and to identify
outliers. In order to identify the outliers a dendrogram was used, where the distance
between the cases and/or clusters was represented in a standardized scale from 0 to 25.
Thus, the longer the distance, the greater the dissimilarity was between the clusters. We
considered a case an outlier if it had a greater dissimilarity than the rest of the cases
[29]. In the present study, clusters and outliers were identified if the distance was lower

than 7, and higher than 15, respectively.

Second, we performed a k-means cluster analysis using the number of clusters and the
centroids identified in the first stage. The number of clusters was considered appropriate
if there was one or no change in the cluster assignment of the subjects from the first

analysis.



We assumed that some subjects would respond to the anodal tDCS at T1 and others at
T2, due to possible different time courses of the tDCS. Therefore, we performed two
separate cluster analyses for T1 and for T2 using the normalized digit span scores (A=
[(TT or T2 — baseline)/baseline]). Cluster analysis 1 was performed for T1 in order to
identify a subgroup that showed significant improvement in performance immediately
after anodal tDCS vs. the sham condition. Cluster analysis 2 was performed for T2 in
order to identify a subgroup that showed significant improvement in performance in the
subsequent 10 minutes after anodal tDCS vs. the sham condition.

When the cluster analysis revealed a responsive subgroup, we proceed to test whether
the subjects in that group improved significantly their performance for the anodal in
comparison with the sham stimulation. Thus, a repeated-measures ANOVA was
performed using the digit span scores of the ‘responders’ subgroup with Condition
(anodal tDCS vs. sham tDCS) and Trial (baseline, T1 or T2) as intra-subject factors.
Post-hoc analyses using Bonferroni corrections were conducted when necessary.
Finally, when baseline significant differences were observed between anodal and sham
tDCS, paired samples t-tests of the normalized digit span scores (AT1 or AT2) were
performed in order to corroborate any tDCS effect after controlling for baseline

differences.

3. Results
The repeated-measures ANOVA did not reach statistical significance for the main effect
of Condition (F=1.25 p=.27), Trial (F=1.23 p=.30), or the Condition*Trial interaction

(F<1) (Figurel).
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The factor Order did not show any significant interaction with the variables of interest:
Condition*Order (F=0.67 p=.42), Trial*Order (F=0.40 p=.54) and

Condition*Trial*Order (F=1.58 p=.22)

The cluster analysis of the normalized values at T1 identified three clusters (Figure 2a).
Cluster 1 consisted of 14 subjects whose performance improved after anodal tDCS
(‘responders’). Cluster 2 consisted of 6 subjects whose performance improved after
sham tDCS. Cluster 3 consisted of 10 subjects whose performance either deteriorated or
did not change significantly after anodal tDCS and sham tDCS. The repeated-measures
ANOVA for the ‘responders’ showed a significant main effect for Trial (F=15.16 P
=0.002), non-significant effect for Condition and a significant Condition*Trial
interaction (F = 64.61 P < 0.001) (Figure 2a). Post-hoc analysis showed that responders
improved their performance significantly at T1 in comparison with baseline values after
anodal tDCS (t=-10.41 P < 0.001) but not after sham tDCS (t=2.12 P=.054). The values
at baseline were significantly higher for the sham tDCS in comparison with the anodal
tDCS condition (t=-2.20 P = 0.047), although further analysis of the T1 normalized
scores corroborated the significant increase in performance in the anodal (vs. sham)
condition after controlling for this baseline difference (t = 7.92 P < 0.001). Importantly,
the performance at T1 after anodal tDCS was not significantly superior to baseline

values during the sham tDCS session (t=1.33 P > 0.20) (Table 1).

The cluster analysis of T2 normalized values identified four clusters (Figure 2b) after
excluding two outliers. Cluster 1 consisted of 13 subjects whose performance improved
to a greater extent after anodal tDCS (‘responders’). Cluster 2 consisted of 8 subjects

whose performance deteriorated or did not change significantly after anodal tDCS and
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did not change after sham tDCS. Cluster 3 consisted of 3 subjects that showed
deteriorated performance after both anodal and sham tDCS. Cluster 4 consisted of 4
subjects with no significant change in performance after anodal and sham tDCS. The
repeated-measures ANOVA for the ‘responders’ showed a significant main effect for
Condition (F =8.37 P =0.013), Trial (F=97.2 P <0.001) and a significant
Condition*Trial interaction (F = 11.52 P = 0.005) (Figure 2b). Post-hoc analysis
showed a significant improvement in performance after both anodal tDCS (t=-10.16 P <
0.001) and sham tDCS (t=-3.41 P = 0.005). The values at baseline were significantly
higher for the sham tDCS in comparison with the anodal tDCS condition (t=-4.57 P =
0.001), although paired samples t-test on T2 normalized scores confirmed a
significantly greater improvement in performance after anodal tDCS compared with
sham tDCS, after controlling for baseline differences (t = 4.02 P = 0.002). However, the
performance at T2 after anodal tDCS was not significantly superior to baseline values

during the sham tDCS session (t=0.46 P > 0.20) (Table 1).

There were no significant differences in age between ‘responders’ and ‘non-responders’
in T1 (t=-1.05 p=.30) or T2 (t=-1.06 p=.30). In addition, 15 of the 23 men (65%) and 5

of the 7 women (71%) were identified as ‘responders’ across T1 and T2.

4. Discussion
The current study explored the effects of anodal vs. sham tDCS over the left DLPFC on
the performance of the digit span backwards task in healthy subjects. The main findings
of this study were that a single session of ‘offline’ anodal tDCS stimulation failed to

improve the memory span performance for the total sample of participants. A cluster

12



analysis approach identified the presence of a subgroup of ‘responders’ who
significantly improved their performance after anodal tDCS compared with sham
stimulation. However, the performance after anodal tDCS was not significantly superior

to the best baseline performance.

The lack of an effect of anodal tDCS on the memory span capacity is consistent with
previous studies, which also did not observe any effects of ‘offline’ tDCS to the left
DLPFC on digit span performance [18,20,21]. For example, Andrews et al. [18]
reported a null effect after 10 minutes of anodal tDCS at 1mA stimulation intensity on
the digit span backwards task performance, and Tadini et al. [20] showed no significant
behavioral changes after applying different tDCS modalities (anodal and cathodal) and
intensities (1 and 2 mA). In contrast Jeon & Hand [19] demonstrated an enhanced
performance after ‘offline’ anodal tDCS to the left DLPFC using the same task, likely
due to the different duration of stimulation (15 min vs. 20 min) and current density
(0.043 mA/cm?2 vs. 0.029 mA/cm?2) that were used. However, another recent study
using similar durations (10 min and 20 min) of anodal tDCS to the left DLPFC with an
even higher current density (0.057 mA/cm2) did not show any positive effect on

memory span performance [21].

Another important factor that may account for the inconsistent results across studies is
the low statistical power as a consequence of the small sample sizes. Estimates' from

the abovementioned studies confirm this issue both for studies reporting null results (n

! Two-tailed t-test approach from anodal tDCS condition was used to obtain the estimates by using G-

Power 3.1.9.4. version [30].

13



=10, d, = 0.14 and power = 0.07) [18], as well as those showing performance

enhancements (n =8, d, =0.31 and power =0.12) [19].

The poor statistical power, far from being specific to these studies, is a widespread
concern in the tDCS and cognition literature and represents one of the main reasons for
the inconclusive findings. A recent meta-analysis estimated that the average sample size
for within-subjects designs was n=18 and that the statistical power for these studies
ranged from 8-16%, meaning that only the findings from this proportion of studies may
be replicated [31]. The sample size employed in our within-subjects study design
(n=30), is the largest among the studies investigating the effects of tDCS on memory
span, having enough statistical power to detect a large effect (99%), medium-sized
effect (84%), and only 20% to detect a small effect. Thus, if there was a true effect of
tDCS on working memory, this effect would be expected to be small, at least for the

behavioral task used in the current study.

The null result obtained from the total sample must be interpreted with caution due to
the high inter-individual variability responses associated with tDCS [12,32]. To control
for this inter-individual variability, we conducted a cluster analysis in order to identify
the presence of ‘responders’ to anodal tDCS. At T1 and T2, 14 subjects (47% of the
sample) and 13 subjects (46%) were identified as ‘responders’, i.e., subjects that
improved their performance after the anodal tDCS (but not sham) or improved their
performance to a greater extent after the anodal vs. the sham condition. Importantly,
only seven of these ‘responders’ showed a consistent improvement in performance after
anodal tDCS for both T1 and T2. In contrast, five of the responders in T1 failed to

maintain their improvement in T2 (the two remaining ‘responders’ were identified as
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outliers in T2), and six ‘responders’ increased their performance only in T2 (but not in
T1). These findings support previous studies showing that tDCS may improve working
memory performance in a time-dependent manner [33], although the time course
stability of tDCS-linked cognitive outcomes showed a high intra-individual variability.
Importantly our study showed that even in the ‘responders’ the performance in the digit

span score after anodal tDCS was not superior to their best performance at baseline.

Overall our results demonstrated that a single session of ‘offline’ anodal tDCS over the
left DLPFC failed to improve the memory span performance, even when the inter-
individual variability was taken into consideration. Thus, our findings are not in line
with the hypothesis that tDCS is an effective means to improve memory span capacity,
and highlights the poor reproducibility in this research area [34] driven by substantially
underpowered studies and a likely publication bias [31]. However, given the growing
interest and potential applications of tDCS, effort should be made to conduct more
systematic studies with replicable findings. Finally, considering that tDCS may have a
small positive effect under specific circumstances [22], future research should critically
consider and determine the functional and clinical relevance of such effects on tDCS-
linked cognitive outcomes. In addition, it would be of interest to explore, across several
sessions of stimulation, the intra-individual variability of the futile effect of tDCS,

reported in our study, in order to control for possible accumulative effects of tDCS.

4.1.Limitations
The main findings of this study should be considered with regards to its limitations. Our
findings may have been influenced by ceiling effects since the mean digit span scores

reported here were higher compared to other findings [19]. This would be consistent
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with the proposition that the effects of anodal tDCS may be more prominent when
overall performance is lower [35-37], and thus may have limited the range of variability
for tDCS effects to emerge in our study [38]. Another limitation may be that the
behavioral task that was utilized was too simple and thus the effectiveness of the tDCS
was limited [37,39—41]. The digit span task mainly induces a load on working memory
storage with only limited demands on other working memory processes, while other
tasks such as the ‘n-back’ task, in which positive effects of tDCS have been reported
[42-44], require a more complex repertoire of executive abilities (i.e., updating, shifting
and inhibition) [45,46]. Therefore, a greater efficacy of tDCS may be expected during
tasks that require higher demands on executive functions and which engage the
prefrontal cortex to a greater extent [47], although a recent meta-analysis showed no
tDCS-linked improvement of the n-back working memory task [48]. Finally, we did not
have access to an MRI-navigator in order to localize the DLPFC, and thus our data may
have been subject to the inter-subject variability that is often associated with the ‘5-cm

rule’ that was utilized in the present study [49].

5. Conclusions
Our results showed that a single session of ‘offline’ anodal tCDS over the left DLPFC
failed to improve the memory span capacity. Our study highlights the need for better
ways to optimize methodological approaches in order to account for inter-individual
variability and to provide further insight in to tDCS-linked cognitive outcomes. A priori
hypothesis formulation, empowerment of sample sizes and the use of formally agreed
sample stratification methods for enrichment of 'tDCS responders' are key to
determining the utility of this technique as a method for basic research and translational

application.
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Figure 1. Mean scores of the digit span task in the total sample as a function of
Condition (anodal tDCS vs. sham tDCS) and Trial (Baseline, T1 or T2). Bars

represent standard deviation of the mean.
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Figure 2. Cluster representation and digit span scores in ‘responders’. Upper graphs
identify the ‘responders’ subgroup using the normalized digit span score for anodal
and sham tDCS condition in T1 (A) and T2 (B) (i.e., A=[(T1 or T2 —
baseline)/baseline]). The remaining clusters (two clusters in T1 and three clusters
in T2) are merged as a ‘non-responders’ subgroup for representation purposes.
Lower graphs represent the mean score for the digit span task as a function of
Condition (anodal tDCS vs. sham tDCS) and Trial (Baseline, T1 or T2) in
‘responders’. Bars represent standard deviation of the mean. (*) Indicates
statistical significant differences with respect to baseline (p<.05); (#) Indicates
statistical significant differences between anodal tDCS and sham tDCS at baseline

(p<.05).
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Table 1. Mean (+ standard deviation) for the digit span backwards scores as a function

of Condition (anodal tDCS vs. sham tDCS) and Trial (Baseline, T1 or T2) in

‘responders’.
‘Responders’ T1 (n=14) ‘Responders’ T2 (n=13)
Baseline T1 Baseline T2
Anodal tDCS 6,29 (1,73) 7,71 (1,82)* 6,46 (1,20) 7,92 (1,26)*
Sham tDCS 7,14 (1,46)* 6,71 (1,07) 7,77 (1,48)* 8,38 (1,66)*

*Indicates statistical significant differences with respect to baseline (p<.05);

#Indicates statistical significant differences between anodal tDCS and sham tDCS at

baseline (p<.05).

27




