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Abstract
Background: This study was a randomized double-blind shamrotiatl trial examining the
effects of transcranial direct current stimulat{idCS) augmented cognitive training (CT) in
children with Fetal Alcohol Spectrum Disorders (FASPrenatal alcohol exposure has
profound detrimental effects on brain developmet iadividuals with FASD commonly
present with deficits in executive functions inchglattention and working memory. The most
commonly studied treatment for executive defi@t€ir, which involves repeated drilling of
exercises targeting the impaired functions. Asenitty implemented, CT requires many hours
and the observed effect sizes are moderate. Neuldat®mn via tDCS can enhance brain
plasticity and prior studies demonstrate that comnigi tDCS with CT improves efficacy and
functional outcomes. TDCS-augmented CT has nobgen tested in FASD, a condition in
which there are known abnormalities in neuroplégtend few interventions.
Methods: This study examined the feasibility and efficatyhis approach in 44 children with
FASD. Participants were randomized to receive $essions of CT with either active or sham
tDCS targeting the dorsolateral prefrontal corterggion of the brain that is heavily involved in
executive functioning.
Results: The intervention was feasible and well-toleratedhiidren with FASD. The tDCS
group showed nominally significant improvementtteation on a continuous performance test
compared to sham (p=.043). Group differences wiserved at the third, fourth and fifth
treatment sessions. There was no effect of tDC&ayking memory (p=.911). Further, we
found no group differences on a trail making tgsk §59) or on the verbal fluency test (p=.826).
In the active tDCS group, a significant correlatwas observed between improvement in

attention scores and decrease in parent-repotteatian deficits (p=.010).



Conclusions: These results demonstrate that tDCS-augmented @&lliolerated in children

with FASD and potentially offers benefits over aimbve CT alone.

Introduction

Prenatal alcohol exposure (PAE) has profound defrtal effects on brain development
and has permanent consequences for cognitionjigaimnd behavior [1, 2]. Individuals with
Fetal Alcohol Spectrum Disorders (FASD) commonlydia range of neurocognitive
impairments that directly lead to practical probsewith learning, attention, working memory,
and decision making, among other areas of funct®p{8]. Recent data indicate that 2-5% of the
U.S. population has FASD [4] yet, despite the pwofib public health burden, there have been
very few treatment studies in this population [Hje current study was a randomized, double-
blinded, sham-controlled trial of transcranial direurrent stimulation (tDCS) augmented
cognitive training (CT) in children and adolescentth FASD.

Pre-clinical studies demonstrate that neuronatipifsis broadly affected by PAE [6, 7].
Given the fundamental role of plasticity in healthrain development and function, disrupted
plasticity could be a primary contributor to theyndive deficits associated with FASD [8]. In
animal models, PAE persistently disrupts glutangateneurotransmission, leading to impaired
long-term potentiation [9, 10] and contributes &havioral and cognitive deficits [11-13]. Many
of these deficits have been reported in humans WABD as well [14]. For example, Hamilton
et al. [15] utilized a virtual Morris water maza task requiring hippocampal plasticity [12, 16],
to demonstrate that individuals with FASD show shene deficits in place learning as those seen

in animal models of PAE.



Deficits in plasticity are thought to underlie maofythe behavioral and
neuropsychological impairments seen in FASD [8, tidluding impairments in executive
functioning (planning, goal-directed behavior, wiatkmemory, alternating attention and
response inhibition [8, 14, 18]. Executive funcare dependent on cortico-striatal pathways,
including projections from basal ganglia and thatanuclei to the prefrontal cortex [19] and
these networks are known to be susceptible to RAEZ1]. Individuals with FASD perform
poorly on executive tasks involving attentional wohand working memory [22, 23]. Human
neuroimaging demonstrates impaired prefrontal coiivigy in FASD, specifically within the
dorsolateral prefrontal cortex (DLPFC), which ctates with decreased executive functioning
[24]. Impaired day-to-day executive functioningdASD [25] contributes to poor social
functioning and other behavioral problems [26].

Coghnitive training (CT), which involves repeatedgdice of the targeted ability,
improves cognitive skills (such as working memobyt with modest effect sizes and
considerable participant effort [27, 28]. A sigodnt limitation of traditional CT is the narrow
scope of improvement and lack of transfer to “uned” cognitive domains and to daily
functioning [29].

Kerns et al. [27] tested 16 hours of computer-badthtion training in ten children with
FASD ages 6-15 years over 9 weeks. Significantavg@ment was noted in several attention
measures (Cohent=0.1-0.77) and there were trend-level improvemantgorking memory. In
a study of both autism spectrum disorder and FAZE), ja game designed to target attention and
working memory was used in 6-11 year-old childreth\i2 hours of training over a 12-week
period. Significant improvements were noted inrdttas (d=0.17-0.87) and working memory

(d=0.37-0.72).



In the current study, we sought to augment CT WXGS, which is an effective
modulator of brain plasticity [30-32]. TDCS is ammvasive method of delivering low intensity
electrical current to the brain. Studies in animaldels show that tDCS boosts synaptic
plasticity, leading to improvements in learning anemory [31]. In humans, tDCS has been
shown to boost plasticity in an activity-dependaiainner [30, 32] and can enhance a wide range
of cognitive and motor functions [33-36].

The activity-selective nature of tDCS makes it apeeially attractive candidate to pair
with CT [32, 37, 38]. It has been demonstrated ghamenting CT with concurrent tDCS boosts
outcomes and improves transfer to non-trained tg@&$kg 1]. For example, in patients with major
depressive disorder, prefrontal tDCS (anode plaved F3, cathode over F4) combined with
cognitive control therapy led to improved clinicaltcomes and improved attentional
functioning compared to sham (39). Further, ad@h§FC tDCS (anode over F3, cathode over
Fp2) to CT was tested in schizophrenia, resultmigiproved effects sizes above CT alone
(Cohen’sd = 1.21 vs .61) and enhanced transfer [39, 41].ithortant to note that some
heterogeneity of effects does exist in the tDGSdture, with several studies reporting little or
no beneficial effects of tDCS on cognitive perforroa or motor learning [42, 43]. Nevertheless,
the promising findings across a number of clingtaldies warrant further investigation.

To our knowledge, this is the first randomized colted trial testing the effects of CT
augmented with tDCS in children and adolescentls WKSD. The primary aims of this study
were to characterize the feasibility and toler&pitif tDCS and CT in children with FASD and to
the evaluate efficacy of this approach as a patkfutiure intervention for neurocognitive

deficits.



M ethods
Participants

Participants were recruited from the UniversityMihnesota’s FASD Clinic and
Adoption Medicine Clinic. Inclusion criteria reqat a documented history of heavy PAE (self-
report, social service record, medical recordgidmption records). Heavy PAE was considered
>13 drinks/week or >4 drinks per occasion at lease per week during pregnancy or when
such exposure was suspected in a child with aFl-diagnosis based on dysmorphology. In
some cases, detailed history about exposure amaastsinattainable and decisions about
inclusion were made on available evidence. For @@nmeavy PAE was inferred if the mother
was known to have had alcoholism and had contabttiwe police or social services during the
pregnancy. At baseline, all participants were ctigr&zed according to modified Institute of
Medicine (IOM) criteria [44].

All participants underwent an informed consent pescand all procedures were
approved by a University institutional review boaParticipants (ages 9 to 16 years) with FASD
(N=44) were randomized in a 1:1 ratio from a pregared randomization table to either active
or sham tDCS. There were no significant group diffiees (active vs. sham) on any

demographic or clinical characteristitaple 1).

Study Design

This was a randomized, double blind, sham-contlatlmical trial. All research team
members, participants, and family members weralbritDCS assignment.
Visit 1 was comprised of a baseline assessmenidingd standardized cognitive tests and

parent/guardian questionnaires. Visits 1-5 (appnaxely weekly) included 46 minutes of CT



and two 13 minute blocks of tDCS which were adméresd during the CT. The CT undertaken
during visit 1 was completed after the baselinesuszs were collected. Visit 6, approximately

one week after visit 5, included cognitive testing no CT or tDCS.

Coqnitive Training and tDCS

CT utilized five tasks from BrainHQ (Posit Sciendjo working memory, two
attention/cognitive control, and one processingdpask. Participants were seated at a computer
while wearing the tDCS cap (Starstim, Neuroelesjrié research team member observed and
assisted with each treatment visit. Each task waspteted four times during a single day’s
treatment. The tasks employed an adaptive diffycaligorithm that adjusted difficulty based on
participant performance during the previous session

Anodal tDCS was targeted to the left DLPFC usirgpalar montage with the anode
placed at F3 and the cathode placed over the sigitadone at Fp2 (according to the 10-20
electrode placement system) [4B]d. 1). This is a common montage in studies targetiftg le
DLPFC for enhancing cognitive function [41]. TDGStls were connected to 25csaline-
soaked sponges on the scalp. Stimulation wasteia0 seconds prior to the start of CT and
lasted for 13 minutes. After 13 minutes, the tD@Sice turned off and remained off for 20
minutes. CT continued during this time. After thger@inute tDCS break, the device re-engaged
for another 13-minute stimulation period while tB€ continued. The 13-20-13 procedure was
employed to account for the “metaplastic effectstiCS (33), by which constant long duration
(20+ min) stimulation periods my lead to an unddde engagement of hemostatic brain
mechanisms that can limit plasticity enhancemeniitiple, spaced stimulation periods have

been shown to facilitate tDCS-based interventi@ts £6].



Active stimulation was delivered at a 2mA intenddy each of the two stimulation
periods. In the sham condition, the device rampgetbi2mA over the course of 30 seconds but
then ramped down to OmA over 30 seconds and rechai@mA. This method facilitates
blinding by mimicking the sensations which are camiy associated with active tDCS.

Prior to the start and also at the end of eacltnresat session, a tDCS side-effect

guestionnaire was completed by the participant.[47]

Coqgnitive & Behavioral Assessments

Two computerized cognitive tests (Posit Sciencepwsed to measure learning and near
transfer of cognitive gains. These tests were aidteired a total of 5 times: first at baseline,
prior to the initial treatment session, and theaiagt the end of each subsequent treatment
session. The tests examined the domains drilled@@T but within an alternate context. On a
visuospatial working memory test adopted from Stirand colleagues [48], participants
tracked and recalled locations of an increasingberrmof objects amidst distractors. The
outcome measure was the average number of obgszed over the task. On a computerized
continuous performance test (CPT) assessing saedtattention, participants pressed a button in
response to a frequent visual cue and inhibitetbbytressing in response to a rare non-target
cue.

Far-transfer of training to cognitive domains thatre not directly trained was assessed
using non-computerized tasks from the Delis-Kaflaacutive Function System (DKEFS): trail
making test (TMT) and verbal fluency test (VFT) J[49 hese two tasks were administered at
baseline, prior to the first treatment session,taed again after the end of the last treatment

session. The TMT requires the participant to quickhw lines to connect numbers and letters in



sequence. The TMT is a measure of attention anshsiing [50]. For the VFT, participants
were asked to produce as many words as possiblewaitspecific semantic category, or to
produce words starting with a specific letter. VF&gquire multiple executive functions (e.g.
working memory, inhibition, and flexibility) [51].

The Behavior Assessment System for Children — 3titida (BASC-3) [52], a
standardized parent-report questionnaire, was ategbby a parent or guardian at visit 1 and at
visit 6. Analyses were limited a priori to four BES3 scales: Internalizing Problems,
Externalizing Problems, Attention Problems, and éfggtivity. Internalizing Problems
characterizes inwardly directed distress (anxidg¢pression) while Externalizing Problems
comprises aggression, or other overt behaviordllpnes. Attention Problems is a scale
measuring concentration difficulties. Hyperactivigya scale reflecting a tendency for over-

activity, carelessness, and impulsive behavior.

Data Analysis
Assessment Tasks & BASC-3 Analysis

For the working memory task, the average numbebg#cts recalled was the outcome
measure. For the CPT, performance was indexedasaard deviation of the response time, a
commonly-used measure of consistency of engageamehsustained attention [53] and the
primary output from Brain HQ’s CPT. For each taskyr baseline-adjusted scores were derived
by subtracting each participant’s baseline scamfscores at each subsequent treatment
session. These delta scorAssore) were used in the final analyses. Hieraathimear
Modeling (HLM) tested for effects of treatment dimde, as well as their interaction on task

performance.
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The TMT and VFT yield standardized scores (meaf;=SD = 3). Baseline-adjustaéd
scores were derived for each participant. A gerler@ar model (GLM) tested for group
differences (active vs. sham)Mascore.

The BASC-3 yields t-scores (mean = 50, SD = 10hWigher scores indicating greater
impairment. Statistical models for BASC-3 data widentical to those used with the DKEFS

data.

TDCSrelated Sde-effects
At the start and end of each treatment sessioticipants were asked to report the
presence and severity of 17 different side-effpotentially related to tDCS. Two-tailed chi-

square tests assessed for group differences (ativgham) in potential tDCS side-effects.

Results

Feasibility and Tolerability

Forty-four participants were recruited; 20 weredamized to active treatment and 24
were randomized to sharki@. 1). One individual in the active group terminateddese of
tDCS intolerance. Five individuals in the sham groerminated early: one for tDCS intolerance,
two for time commitment, and two without explanatidll six visits were completed by 19
active and 19 sham group participants. These 3&pants were included in all analyses.

No significant differences (active vs. sham) werenfd for tDCS related side-effects

(p>.05 for all comparisong;able 2) suggesting that tDCS was well tolerated.

Near-Transfer: Visuospatial Working Memory & Conidus Performance Test

11



Baseline working memory performance and CPT peréorce were tested for group
differences and no active vs. sham differences Yeened (p>.05); nevertheless we analy2Aed
scores to account for any baseline variability. Working memory, a significant effect of time
was observed (442.46, p=.047), with both groups showing improvehwrer the visits, but
no significant effect for active vs. sham tDC%4§&.017, p=.911) was seen, nor was there an
interaction effect (F1474.41, p=.612)Kig. 2). For the CPT, a significant effect of tDCS
(F135=4.31, p=.043) was seen, with the active groupgpering better over time compared to
sham Fig. 3). There was not a significant overall effect afidi (/14~1.36, p=.247) nor an
interaction (fh44~1.46, p=.221). Post-hoc contrast analyses reveamificant active vs. sham
differences at visit 3 (p=.033), visit 4 (p=.048pd visit 5 (p=.046). It is worth noting here that,
becaus@-scores were analyzed as opposed to performamceiatual timepoints, the main
effect of group is the relevant finding from thisadysis because it reflects the magnitude of the
difference in performance as opposed to the intieraterm which merely reflects the pattern of
performance over the timepoints.

To calculate between group effect sizes (Cohen’théA-scores were collapsed across
visits 2, 3, 4, and 5 for each participant to demvsingle overalA-score. For working memory,
the effect size was not meaningfdl< 0.05) but, for the CPT, the effect size wasdaty=

0.64).

Far-Transfer: Trail Making and Verbal Fluency Tasks

No group differences (active vs. sham) were seehdeseline performance on far-

transfer tasks (p>.09;able 3). A-scores were used for analysis. For VFT performamae

12



significant effects of tDCS were seen for eithételeVF (F/36=.067, p=.797), or category VF
(Fuse=.049, p=.826).

No treatment effect was seen for TMT performancentonber sequencing {&=.064,
p=.801), letter sequencingi(#s=2.75, p=.107), nor combined letter and number seguag

(F136=.197, p=.659).

BASC-3 Parent/Guardian Questionnaires

No significant differences were observed betweeugs (p>.05 for all comparisons) on

any of the four BASC-3 measurekaple 4).

Associations Between CPT Performance with AttenBooblems & Hyperactivity

Associations between CPT performance change (¥isiinus baseline) and two
measures of change from the BASC-3 (Attention FRnolsland Hyperactivity) were analyzed
using two HLMs testing for the main effects of treant and CPT performance, as well as their
interaction. For Attention Problems, we observeiaificant interaction between treatment and
CPT performance change;(f=7.47, p=.010), meaning that the correlation bebM@BT change
scores and the Attention Problems change scoreseatifbetween the two groups (active vs.
sham). In the active tDCS group, there was a sigif positive correlation {.354, p=.009;

Fig. 4), whereas in the sham tDCS group, a weaker angigmificant correlation was found
(r’=.027, p=.530Fig. 5). There were no significant interactions with Hhgperactivity change

Score.
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Discussion

To our knowledge, this study represents the fiifsirieto evaluate the feasibility,
tolerability, and efficacy of a tDCS-augmented @gimen in children with FASD. The study
demonstrates that tDCS is well-tolerated in chitdiad adolescents with FASD and the
preliminary findings suggest that tDCS may contiéio an enhancement of cognitive training
within specific domains, especially attentional ttoh

There are limited data on the use of tDCS in childand adolescents in general [54], and
no studies have been published in FASD. In theectiistudy, tDCS over multiple sessions was
well-tolerated in this population, with no sericadverse events. Of the 44 children and
adolescents enrolled, only two found the tDCS /pggdcedure to be aversive (one of whom was
in the sham group{g. 1). Furthermore, there was no measurable differeimctee total
number of tDCS side-effects reported between gréizps813, p=.438). Therefore, these data
suggest that tDCS may be a viable treatment optiochildren with FASD, despite initial
concerns that their tactile hypersensitivity coumliggrfere with tolerating the tDCS cap and the
sensations of electrical stimulation [55]. It is@hoteworthy that the study employed
stimulation parameters similar to those used irttaddudies, demonstrating that it is not
necessary to lower stimulation intensity and dorafor tDCS to be tolerated in children with
FASD. This contrasts with the suggestion that redd®CS intensity is needed with children
[54]. Certainly, given the smaller head size andrtér skull of a child, there may very well be
differences in current flow between adults anddrieih that are yet to be elucidated in the
literature. Also, differences in current flow mag &ven more likely in children with FASD as a
result of smaller head circumference in this pojoita Modeling studies are needed to more

accurately characterize these differences.
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Cognitive training is one of the few interventidhat have been tested for cognitive
dysfunction in FASD [27, 28]. In general, thesed&s have reported moderate effect sizes as a
result of considerable participant training. AddiBgCS to CT is worth exploring as a potentially
effective method of catalyzing cognitive gains amakimizing efficiency of the training. The
mechanism for tDCS is thought to be based in iiyabo enhance neural plasticity, leading to
improved learning [56, 57]. This aspect of tDCS rbhayespecially relevant for application in
FASD because plasticity abnormalities have beernodsirated in both animal models of FASD
and in humans with this disorder [8].

We found a significant effect for tDCS on sustdimgtention, with the active-tDCS
group showing improved performance over the coafsepeated sessions compared to the
sham groupKig. 3). The analyses revealed that measurable active-differences emerged at
the third treatment visit, suggesting that the@fef CT and tDCS may be additive with
repetition. Past CT studies in FASD have also rgldmprovement on attention measures [27,
28] after 12-16 hours of training. Although comparfindings across these studies is difficult
due to design differences, the fact that attentidifferences were emergent after just three
sessions of combined CT and tDCS is promisingl, 8tik important to note that the main effect
of treatment was only marginally significant anduleblikely not remain significant after
correction for multiple-comparisons. However, gitbat this was a first of its kind pilot study in
FASD, these results are promising and warrant éuritivestigation.

The intervention effect measured here is cliniceghgvant because deficits in attention
are common in children with FASD, with extremelghirates of comorbid attention deficit
hyperactivity disorder (ADHD) being reported inghgopulation [58]. Availability of even

modestly effective interventions could improve legiegm outcomes. Although the current study
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did not demonstrate a measurable direct behawediedt of the intervention, the data did reveal
a tDCS-group dependent correlation between CPTawgmnent and improvement in attention
problems as reported on the BASC-3 parent/guamgli@stionnaireKig. 4 & 5).

In addition to attentional deficit, working memadmgpairment is a core feature of FASD
[59]. The data did not show a significant effectl@€S on the working memory tagkig. 2).
Working memory enhancement with tDCS has been sitely explored but, findings are
inconsistent across studies with a general trewdrs a small to moderate net benefit [60]. A
lack of a measurable tDCS effect on working meniothe current study may be due to the
design of the CT regimen. Only two of the five miag tasks were focused on working memory,
with the other training tasks primarily focusing attention and processing speed. TDCS effects
are thought to occur relative to concurrent endogsipatterns of brain activity, with only task-
specific circuits and related functions being figegied [32, 37, 61]. Because the training sessions
incorporated several cognitive domains in closessgion, together with the generally
enhancing effect of tDCS, some dispersion of effyjaamay have occurred relative to other
studies that focused on a single cognitive doniEme. attention effect seen on the CPT may be
related to the fact that attention was emphasizesgveral tasks and the fact that sustained
attention was naturally engaged throughout thetauraf the cognitive training. The circuits
that sub-serve sustained attention processes ikehg dctive concurrent with tDCS for a longer
period and were, perhaps, preferentially affectedtimulation. Ultimately, with follow-up
studies, targeting a widely dispersed set of cognfunctions may not be the most efficient way
to pair CT with the plasticity-enhancing effectePCS. Some studies have demonstrated, for
example, that there may be an advantage to actgzatsingle network when pairing training

with tDCS [62].
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Finally, it is worth noting that the current studigl not demonstrate an effect of tDCS on
far-transfer measures (no significant group diffiers on either the VFT or the TMT).
Achieving far-transfer to untrained tasks and ctgaidomains is ultimately the goal of
cognitive training interventions, but few studies/é reported such transfer despite many hours
of training [63, 64]. There is some evidence tBEE$ may be able to enhance far-transfer,
leading to improvements on untrained tasks [41, B5ihe current study, the small “dose” of
cognitive training (fewer sessions and a wider tgpan) compared with past studies [54, 66]
may have limited the opportunities to achieve fansfer. Future studies may benefit from a
higher density of training, more specific trainifogus, and a longer duration of training in order

to achieve maximum cognitive benefit.
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Sham Active

N(%) or mean (SD) (n=19) (n=19) Statistical Test
Age 12.79 (2.10) 12.05 (1.90) t(36)=1.13, p=.264
Gender
Male 10 (52.6%) 12 (63.2%) x%(1)=.432 p=.511
Female 9 (47.4%) 7 (36.8%)
Racial Categories
White 11 (57.9%) 9 (47.4%) x?(5)=.395 p=.557
Black or African American 2 (10.5%) 2 (10.5%)
American Indian/Alaska Native 3 (15.8%) 1 (5.26%)
Asian 1 (5.26%) 0 (0%)
More than One Race 2 (10.5%) 6 (31.6%)
Other 0 (0%) 1 (5.26%)
Ethnicity
Hispanic 0 (0%) 1 (5.26%) x4(1)=.027 p=.311
Not Hispanic or Latino 19 (100%) 18 (94.7%)
Alcohol Exposure
Alcohol Confirmed 19 (100%) 16 (84.2%) x?(1)=3.25 p=.071
Alcohol Suspected 0 (0%) 3 (15.8%)
Other Drug Exposure
None 3 (15.8%) 6 (31.6%) x4(1)=1.31 p=.519
Drug Exposure Suspected 5 (26.2%) 4 (21.1%)
Drug Exposure Confirmed 11(57.9%) 9 (47.4%)
Dysmorphic Facial Features
Lip (score4 or 5) 8 (42.11%) 6 (31.6%) x4(1)=.452 p=.501
Philtrum (score 4 or 5) 11 (57.9%) 10 (52.6%) x*(1)=.106 p=.744
Palpebral Fissure (<10™ percentile) ? 7 (36.8%) 6 (31.6%) x3(1)=.117 p=.732
> 2 Facial Features Present 11 (57.9%) 7 (36.8%) x4(1)=1.68 p=.194
Growth Deficiency (<10" percentile)
Height 3(15.8%) 3(15.8%) x*(1)=.001 p=1.00
Weight 0 (0.00%) 1 (5.29%) x%(1)=1.02 p=.311
Deficient Brain Growth (<10™ percentile)®
Occipita-Fronta Circumference (OFC) 3 (15.8%) 2 (10.5%) x%(1)=.230 p=.631
IOM Diagnostic Category
Fetal Alcohol Syndrome 1 (5.29%) 2 (10.5%) x%(5)=2.80 p=.247
Partial Fetal Alcohol Syndrome 10 (52.6%) 5 (26.3%)
Alcohol-related neurodevel opmental 8 (42.1%) 12 (63.2%)
disorder

Table 1: Participant demographic and clinical characteristics. For diagnostic categorization the
Institute for Medicine criteriawas used.



%2 Asymptotic
Value Significance
(df=1) (2-sided)

Symptom Sham Active
(n=24) (n=20)

Headache

4 5 .466 495

Unusual feelings on the skin of your head 7 8 .570 .450

Neck Pain 0 2 251 113

Tingling 6 6 138 711

Itchiness 10 8 .013 911

Sleepiness 12 12 440 .507

Difficulty paying attention 5 7 1.10 203

Unusual fedings, attitudes, or emations 2 2 037 848

Tooth pain 0 1 1.23 .268

Changein hearing 0 1 1.23 .268

Nausea/Sick to Stomach 0 2 251 113

Unusual twitches or movementsin muscles 1 0 853 356

Dizziness 0 1 1.23 .268

Anxious/Worried/Nervous 1 2 584 445

Forgetful 3 3 .058 810

Difficulty with your balance 2 1 191 662
Change in movement in your stronger

hand 0 1 1.23 .268

Table 2: Potentia TDCS related side-effects with number of participants reporting each side-
effect across the two groupsis reported.



VERBAL FLUENCY BASELINE ,
(LETTER) (MEAN * SD) FOLLOW-UP A-SCORE Fi/6 P-VALUE COHEN'S D

7.32+2.69 7.21 +2.05 -0.105 + 2.05
LI SHIRICS 0.008 0.796 0.084
SHAM TDCS 5.42 +2.08 547 +1.68 0.051 +1.68
VERBAL FLUENCY
(CATEGORY)

9.21 +3.88 5.53 +4.53 -3.68 £ 3.93
ACUIS DS 0.049 0.826 0.072
SHAM TDCS 7.42 +3.81 4.00 +3.18 -3.42 £ 3.37
TRAIL MAKING
(NUMBERS)

9.53+3.19 10.6 +1.86 1.11 +3.20
ACIVENPES 0.064 0.801 0.082
SHAM TDCS 7.79 + 3.46 9.16 + 3.27 1.37 £3.20
TRAIL MAKING
(LETTERS)

+ + +
ACTIVE TDCS 8.05+ 3.85 9.11 £+ 3.75 1.05 + 3.29 275 0.102 0.534
SHAM TDCS 5.58 + 3.89 8.63 + 3.67 -2.95+3.73
TRAIL MAKING
(COMBINED)
+ + - +

ACTIVE TDCS 9.37 £4.90 8.21+5.14 1.16 £ 6.24 0197 0.659 0144
SHAM TDCS 10.0 £5.26 7.95 +4.96 -2.05+6.18

Table 3: Summary metrics and analysis for the Verbal Flyeral the Trail Making Tasks. Mean and standardatien scores are shown the for baseline and
follow-up visits. Baseline adjustetiscores were calculated on a per participant bpstiveA-scores indicate improved performance. An ANOVA was

conducted on tha-scores to identify differences across groups. @2 was computed using thescores to estimate effect sizes.



EXTERNALIZING BASELINE - ,
PROBLEMS (MEAN  SD) FOLLOW-UP A-SCORE F1/35 P-VALUE COHEN'S D

72.1+17.2 68.1+11.8 -4.00+12.7
ACUIS DS 2.78 0.101 0.222
SHAM TDCS 73.3+15.2 71.7 +13.7 -1.67 £7.29
INTERNALIZING
PROBLEMS

58.0+12.8 56.1 +10.1 -1.89 +5.79
ACUIS DS 2.50 0.122 0.521
SHAM TDCS 60.6 +12.9 61.4+124 0.833+4.59
ATTENTION PROBLEMS

66.9 + 6.93 65.4 + 8.60 -1.53 +6.26
ACUIS DS 0.717 0.401 0.278
SHAM TDCS 67.4 +7.83 67.6 +6.92 0.167 £5.88
HYPERACTIVITY

+ + - +

ACTIVE TDCS 73.2 +13.3 69.7 +11.7 3.47 £9.65 0.010 0.912 0.034
SHAM TDCS 73.8+11.7 70.0+11.2 -3.78 +8.37

Table 4: Summary metrics and analysis of BASC-3 questiaendata. Mean and standard deviation scores avenstie for baseline and follow-up visits.
Baseline adjusted-scores were calculated on a per participant basgativeA-scores indicate reduced impairment. An ANOVA wasducted on tha-
scores to identify differences across groups. Cshemwas computed using thiescores to estimate effect size. ** 1 individuatte sham group did not
complete the follow up DKEFS testing. Sample siemesas follows (activei=19; shamn=18).



Figure 1: Consort diagram of trial.

Figure 2: Visuospatia working memory task. The y axis represents the baseline adjusted
average number of objects recalled at each visit. Error bars represent standard error of the mean.
Both groups showed improvement across time, there was no tDCS effect on performance.

Figure 3: Continuous performance task (CPT): The primary metric of performanceisthe
standard deviation (SD) of response time, with lower SD indicative of improved performance.
The y-axis represents baseline adjusted average SD of response time. There was a significant
effect of tDCS on performance at visits 3, 4 and 5 (ANOVA contrasts).

Figure 4: Correlating change in CPT with change in the Attention Problems metric in the Active
tDCS Group. We correlated average change in CPT performance with change in the attention
problems metric from the BASC. When analyzing the active tDCS group we obtained significant
positive correlation.

Figure5: Correlating change in CPT with change in the Attention Problems metric in the Sham
tDCS Group. We correlated average change in CPT performance with change in the attention
problems metric from the BASC. No significant correlation was detected in the group receiving
sham tDCS.
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Highlights

e First randomized controlled trial utilizing tDCS-augmented cognitive training in children with

FASD
e TDCS led to improved outcomes compared to cognitive training alone, specifically in attention

e TDCS was well tolerated in children with FASD
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